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1. COMPLECSI METALICI CU LIGANZI MACROMOLECULARI

Coordonatori: dr. Valeria Harabagiu, cp I; prof. Bogdan C. Simionescu

Grup de lucru:


Dr. Mariana Pinteala, cp II

     Dr. Cornelia Luca, cp I

     Dr. Violeta Neagu, cp III

     Dr. Constantin Ciobanu,cp I 

     Dr. Gabriela Moroi, cp III


Dr. Rodinel Ardeleanu,cp III


Dr. Liviu Sacarescu, cp III


Ing. Virginia Epure, doctorand


Chim. Gabriela Sacarescu, doctorand

Obiective specifice:

( dezvoltarea unor tehnici de sinteza controlata a liganzilor macromoleculari cu diferite structuri chimice ale scheletului de baza si ale gruparii ligande 

( studiul capacitatii de complexare a ionilor metalici de catre liganzi macromoleculari atât in mediu organic cat si in mediu apos
IMPORTANTA DOMENIULUI ABORDAT


Stiinta polimerilor, dezvoltata ca o disciplina activa a stiintei materialelor, cuprinde un domeniu aparte, cel al chimiei coordinative (1(. Compusii coordinativi au fost considerati o clasa rara si speciala de combinatii chimice. In urma unor dezvoltari fundamentale si aplicative, aceste produse fac obiectul unei discipline de sine statatoare a stiintei chimice. Chelatii metalici joaca un rol esential in chimia materiei vii (2(. S-au studiat un numar mare de metaloproteine si alti compusi metalici cu importanta biologica.

Compusii coordinativi sunt importanti catalizatori in industria chimica. De exemplu, in 1963, premiul Nobel pentru chimie a fost acordat lui K. Ziegler si G. Natta pentru obtinerea unor catalizatori complecsi metalici continând Al si Ti. Acesti catalizatori au revolutionat sinteza polimerilor. S-au demonstrat avantajele sistemelor heterogene si potentialul lor economic, mai mare decât al sistemelor omogene. Unii complecsi metalici cu masa moleculara inalta lucreaza drept acumulatori de energie solara (3(.

Combinatiile complexe macromoleculare prezinta, de asemenea, potentiale aplicatii in sinteza organica (4(, tratarea apelor reziduale (5(, hidrometalurgie (6(, farmacie (medicamente cu eliberare controlata) (7(, recuperarea urmelor de ioni metalici (8(, chimie nucleara (9( sau ca modele pentru enzime (10(.

Procesele biologice (11( implica o serie de compusi formati de diferite metale cu substratul biologic – bioliganzi (polizaharide, proteine, acizi nucleici, lipide, coenzime - vitamine). Organismele animale si vegetale sunt constituite din substante chimice cu o compozitie complexa care contin atât metale cât si nemetale. Metalele prezente in organismele vegetale si animale sunt: Na, K, Ca, Mg, Fe, Zn, Co, Cu, Mn, Mo. Metalele cu subnivelul electronic “d” incomplet isi pot modifica starea de oxidare in timpul proceselor metabolice. Toate sistemele vietii sunt termodinamic instabile si nu pot exista decât datorita unei stabilitati cinetice. Elucidarea unor fenomene biologice care explica metabolismul celular este de prima importanta in intelegerea mecanismelor « viului », in cresterea eficientei actului medical si a calitatii vietii. Investigatiile pe liganzi sintetici, prin comparatie cu produsii similari  naturali, in ideea “copierii” mecanismelor de sorbtie/desorbtie, imobilizare, etc. sunt in masura sa genereze noi informatii si sa dezvolte sisteme sintetice cu aplicatii biomedicale (medicamente cu eliberare controlata, suporturi pentru imobilizarea enzimelor etc.).

Spre deosebire de combinatiile complexe cu molecula mica, prezenta ligandului macromolecular ofera posibilitatea obtinerii (prin modificarea atât a suportului polimeric cât si a grupei ligande) unor complecsi cu proprietati si posibilitati de utilizare spectaculoase. Astfel, complecsii liganzi macromoleculari pot fi utilizati cu succes drept agenti de imobilizare utilizabili in tehnici de depoluare, materiale adsorbante pentru apa, adsorbanti selectivi pentru diverse categorii de ioni cu aplicatii in minerit, industria chimica etc., iar complecsii cu metale isi gasesc aplicatii ca materiale pentru electronica datorita proprietatilor termice, electrice, mecanice si optice, catalizatori cu proprietati specifice de coordinare (reactii de oxidare, hidrogenare, hidroliza, hidrosililare), initiatori de polimerizare.

Aceste domenii de utilizare deosebit de interesante justifica eforturile care se fac in scopul obtinerii unor clase noi de polimeri/copolimeri cu structuri controlate functie de cerintele domeniului de utilizare si pentru studiul proceselor de complexare a ionilor metalici.

REZULTATE OBTINUTE

Retinerea cationilor metalici din diferite medii rezolva doua probleme majore, una economica (recuperarea unor metale) si alta ecologica (separarea selectiva a ionilor toxici din ape uzate sau chiar potabile). Rezultatele anterioare ale colectivului sunt axate pe sinteza si caracterizarea unor polimeri/copolimeri cu diferite structuri ale lantului de baza (siloxanica, uretanica, acrilica) cu grupari ligande de diferite naturi chimice (12-30(. 

Pentru atingerea obiectivelor propuse, tema a abordat pe parcursul anului 2001 atat sinteza unor noi liganzi macromoleculari cat si studiul capacitatii de complexare a ionilor metalici in medii apoase sau organice. 

Au fost sintetizate urmatoarele clase de polimeri cu grupari ligande atasate lantului macromolecular:

· copolimeri polisiloxan – poli(acid metacrilic) cu diferite rapoarte siloxan/secventa organica si diferite mase moleculare ale segmentelor prin polimerizarea radicalica a acidului metacrilic in prezenta macroazoinitiatorilor siloxanici, conform unei metode descrise anterior [13,14]. Structura copolimerilor obtinuti a fost determinata prin metode spectrale (IR, RMN)

· schimbatori de anioni piridinici puternic bazici obtinuti prin copolimerizarea radicalica a 4-vinil-N-metilpiridinei cu 4-vinil-N-butilpiridina, urmata de cuaternizarea unitatilor aminice

· poliuretani pe baza de dibenzildiizocianat si unitati flexibile polieterice sau poliesterice alifatice.  

Studiul capacitatii de complexare a liganzilor polisiloxanici a demarat cu investigarea proprietatilor unui copolimer polidimetilsiloxan-poli(acid metacrilic) (PDMS-PAMA) in cadrul unui program finantat de National Science Fundation pentru University of Detroit - Mercy, in care este implicat grupul din Institutul “Petru Poni” si Universitatea Politehnica Bucuresti.

Caracterizarea (raport Si/AMA) copolimerului (tabelul 1) a fost realizata in cadrul Institutului de Chimie Macromoleculara “P. Poni”, iar solutiile apoase de diferite concentratii si diferite valori ale pH-lui pentru PAMA si copolimer au fost studiate in prezenta de piren prin spectroscopie de fluorescenta la University of Detroit - Mercy, SUA, in cadrul unei burse de studiu (finantare prin Grant NSF). Tabloul complet asupra influentelor structurale ale copolimerilor PDMS-PAMA si elucidarea structurii complecsilor metal-ligand macromolecular urmeaza a fi definitivat. 

  Tabelul 1. Caracterizarea copolimerului PDMS-PAMA

GPsiloxana
AMA/siloxanb
(molar)
GPAMAc

2
73
146

a Gradul de polimerizare al blocului siloxanic 

b Raportul molar AMA/siloxan calculat din spectrul 1H-RMN al copolimerului 

c Gradul de polimerizare al blocului PAMA

Pirenul este un compus organic hidrofob ce prezinta modificari ale structurii vibrationale din spectrele de emisie prin fluorescenta, in functie de polaritatea vecinatatilor imediate. In figura 1 este prezentat un spectru de emisie tipic al pirenului in apa, observându-se 5 picuri specifice, notate cu 1 – 5, in ordinea crescatoare a lungimii de unda. Picurile sunt caracterizate de valori ale intensitatilor de fluorescenta I1 – I5. Caracterizarea din punct de vedere al polaritatilor vecinatatilor imediate ale pirenului este data de raportul dintre intensitatea picului 1 (I1), corespunzator lungimii de unda 373 nm, respectiv intensitatea picului 3 (I3) de la 383-384 nm; raportul I1/I3 variaza de la 1,9 in apa pana la 0,5 in medii putin polare (0,95 in film de polistiren, 0,6 in ciclohexan).

In solutii apoase de PAMA pirenul se va localiza preferential in scheletul hidrofob al polimerului, iar in solutiile apoase de copolimeri PDMS-PAMA va fi localizat atât in scheletul siloxanic cât si in cel de PAMA. Spectrele de emisie ale pirenului in solutii apoase de PAMA, respectiv de copolimer prezinta modificari odata cu variatia concentratiei. Aceasta comportare se poate remarca usor din spectrele de fluorescenta prezentate in figurile 2 respectiv 3.


[image: image1.wmf]340

360

380

400

420

440

460

0

20

40

60

80

100

120

I

4

I

3

I

2

I

1

FL

U

O

R

ES

C

E

N

C

E

IN

TE

N

SI

TY

wavelength (nm)


Figura 1. Spectrul de fluorescenta al pirenului in apa (concentratie 5x10-7 M)


Figura 2. Spectrele de fluorescenta ale pirenului in solutii apoase de PAMA de diferite concentratii; figura inserata reprezinta variatia raportului I1/I3 functie de concentratie


Figura 3. Spectrele de fluorescenta ale pirenului in solutii apoase de PDMS-PAMA de diferite concentratii; figura inserata reprezinta variatia raportului I1/I3 functie de concentratie

Comportarea in solutie a copolimerilor PDMS-PAMA s-a dovedit a fi relativ complexa datorita alternantei fragmentelor hidrofile cu secvente hidrofobe, ceea ce a condus la concluzia ca un studiu aprofundat in acest domeniu implica diversificarea structurala a complecsilor metal – ligand, pe de o parte si, pe de alta parte, diversificarea metodelor de studiu structural si de comportament in solutie folosind metode speciale de analiza cum ar fi RES si spectroscopia de fluorescenta (ambele sisteme de analiza fiind puse la dispozitia grupului de lucru de partenerul din SUA).
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27. B. C. Simionescu, V. Harabagiu, G. David, M. Pinteala, V. Lungu, Mol. Cryst. Liquid Cryst., 354, 269 (2000)

28. C. Iojoiu, M. Pinteala, E. Rusu, V. Harabagiu, P. Guegan, H. Cheradame, M. Gaspar, B. C. Simionescu, 

Rev. Roum. Chim. 45(7-8), 665-661 (2000)

29. V. Gutanu, C. Luca, C. Turta, V. Neagu, M. Sofranschi, M. Cherdivarenco, B. C. Simionescu, J. Appl. Polym. Sci 59, 1371 (1996)
30. C. Luca, V. Neagu, B. C. Simionescu, R. Mocanu, P. Jitaru, R. Buhaceanu, Advances in Ion Exchange for Industry and Research, Special Publication no. 239, The Royal Society of Chemistry, Cambridge U.K. 1999, p. 237

VALORIFICAREA REZULTATELOR

Lucrari publicate

1. Polysilane metal-complexes, G. Sacarascu, R. Ardeleanu, L. Sacarascu, M. Marcu,

12 th Romanian International Conference on Chemistry and Chemical Engineering, RICCCE 12, Sept. 13-15, 2001, Bucharest, 277-282.
2. Polyurethane cationomers with pyridinium rings. Synthesis, characterization and biological activity, T. Buruiana, E.C. Buruiana, 12 th Romanian International Conference on Chemistry and Chemical Engineering, RICCCE 12, Sept. 13-15, 2001, Bucharest, 301-306.

3. Amidoximated polyacrylonitrile fiber with chelating properties for metallic ions, 

D. Bilba, G. Moroi, N. Bilba, 12 th Romanian International Conference on Chemistry and Chemical Engineering, RICCCE 12, Sept. 13-15, 2001, Bucharest, 331-336.

4. Ion transport studies through liquid membranes using crown ether-siloxane copolymers, R. Ardeleanu, A. Airinei, G. Sacarascu, L. Sacarascu, N. Voiculescu, 12 th Romanian International Conference on Chemistry and Chemical Engineering, RICCCE 12, Sept. 13-15, 2001, Bucharest, 343-348.

5. Investigation on structure and properties of copper chloride-doped polyurethane films I. Structural aspects, G. Moroi, C. Ciobanu, 12 th Romanian International Conference on Chemistry and Chemical Engineering, RICCCE 12, Sept. 13-15, 2001, Bucharest, 430-435.

6. Investigation on structure and properties of copper chloride-doped polyurethane films II. Some thermal and mechanical properties, G. Moroi, C. Ciobanu, 12 th Romanian International Conference on Chemistry and Chemical Engineering, RICCCE 12, Sept. 13-15, 2001, Bucharest, 436-441.

Lucrari acceptate/trimise spre publicare

1. Metal complexes with macromolecular ligands, V. Epure, V. Harabagiu, M. Pinteala, 

B. C. Simionescu, C. Turta, V. Sofranschi, I. Bulhac, Mem. Sect. Acad. Rom., (oct. 2001).

2. Blends and networks containing silicon-based polymers, V. Harabagiu, M. Pinteala, 

B. C. Simionescu, Handbook of Polymer Blends and Composites, Ed. C. Vasile, RAPPRA Technology Ltd., London, (sept. 2001).

3. V. Dulman, R. Buhaceanu, C. Luca, V. Neagu, J. Appl. Polym. Sci. (acceptata).

Participari la manifestari stiintifice

1. Complexes macromoléculaires poly(dimethylsiloxane -b- acid méthacrylique) – Cu(II), M. Pinteala, V. Epure, V. Harabagiu, B. C. Simionescu, V-ème Colloque Franco-Roumain sur les Polymères, Timisoara, 3-7 sept. 2001.

Alte rezultate

Sustinerea referatului de doctorat “Complecsi metalici cu liganzi macromoleculari”, doctorand Virginia Epure, iunie 2001

2. POLIMERI  FOTOSENSIBILI

Coordonator: dr. Virgil Barboiu, cp I 

Grup de lucru: 

Dr. Elena Rusu, cp II

Dr. Daniel Timpu, cp III

Dr. Airinei Anton, cp I

Fiz. George Ervant Grigoriu, cp III 

Obiective specifice: 

( noi materiale pentru tehnologii de varf 

( prelucrarea materialelor polimere in conditii de poluare redusa 

IMPORTANTA DOMENIULUI ABORDAT 


Fotopolimerii si materialele plastice fotosensibile constituie un domeniu care, desi abordat de peste 30 de ani, continua sa prezinte un interes crescand, in special pentru aplicatii practice, dupa cum urmeaza : 

-  fotorezistii, materiale polimere care isi modifica substantial solubilitatea prin expunere la radiatii UV sau vizibile, pentru utilizarea in procesele fotolitografice de la fabricatia de circuite electronice cu grad inalt de integrare si de circuite imprimate; 

-  masele plastice fotosensibile pentru utilizarea pe scara larga in industria poligrafica actuala; 

-  polimerii fotoconductori, care au inceput sa inlocuiasca fotoreceptorii cu seleniu din utilajele de xerocopiere si cu care se spera realizarea de celule solare fotovoltaice; 

-  lacurile si vopselele fotoreticulabile, a caror proprietate de intarire prin iradiere este apreciata datorita evitarii poluarii cu solventi, o caracteristica a produselor clasice similare. 


Mai recent, polimerii fotoconductori, care sunt si materiale semiconductoare, par a conduce la tipuri noi de traductori si senzori fizici si chimici. 

REZULTATE  OBTINUTE 


Mase plastice fotosensibile: A fost realizata o compozitie de strat solid, solubil in apa, dar care devine complet insolubil prin expunere la radiatia mercurului, proiectat pentru a fi integrat in placi fotosensibile destinate industriei poligrafice moderne, pentru fabricatia de matrite de imprimare, inlocuind matritele metalice care utilizeaza procese toxice si poluante de obtinere. 


Filme de polimeri fotoconductori: S-a continuat studierea procedeului de depunere a polimerilor cu lant conjugat utilizand vapori de monomeri polimerizabili prin termoliza si/sau fotoliza in vid. Aceasta constituie una din directiile actuale de obtinere a polimerilor conjugati  direct sub forma de filme transparente, submicronice, destinate dispozitivelor opto-electrice. 


Fotoliza azidelor aromatice si reactiile fotoproduselor acestora au fost studiate in scopul utilizarii ca precursori de polimeri azoaromatici cu grad ridicat de puritate structurala. 

VALORIFICAREA REZULTATELOR 

Lucrari publicate

1. Photoconductive films of conjugated polymers obtained by vacuum decomposition of aromatic diazides: Photopolycondensation of 4,4’-diazidodiphenyl, V. Barboiu, D. Timpu, E. Rusu, A. Airinei, Mat. Res. Innovat., 4, 204-207 (2001). 

2. Surface morphology study of nanometric films of phtoconductive azoaromatic polymers, D. Timpu, V. Barboiu, A. Airinei, E. Rusu, Volumul manifestarii stiintifice “BRAMAT – 2001”, vol. 4, p. 243- 248. 

Procese tehnologice

1. Placa fotosensibila multistrat, V. Barboiu, E. Rusu, G. E. Grigoriu, A. Airinei, D. Timpu, tehnologie pentru realizarea compozitiei stratului fotosensibil si de asamblare a placii fotosensibile multistrat, tema A6, grant MEC nr. 5052/1999, act aditional nr. 1/2001. 

Participari la manifestari stiintifice 

1. Implicatiile polimerilor in microtehnologie, V. Barboiu, Seminarul stiintific “Micro si nanotehnologii”, Academia Romana, 6 februarie 2001. 

2. Photopolymers – Materials developed by chemists and physicists for a wide range of 

advanced tehnologies, V. Barboiu, E. Rusu, G. E. Grigoriu, A. Airinei, D. Timpu, Conferinta internationala “Romania si romanii in stiinta contemporana”, Sinaia 12-17 iunie 2001. 

Alte rezultate

1. Filme de polimeri conjugati pentru aplicatii in dispozitive opto-electrice si senzori chimici, V. Barboiu, D. Timpu, E. Rusu, A. Airinei, M. Avadanei, C. Grigoras, M. Sandu, 

proiect acceptat pentru finantare in cadrul PNCDI “CERES”, 2001 – 2004, conducator de proiect: Institutul “Petru Poni”.  

2. Fotoreticularea polimerilor, M. Avadanei, teza de doctorat inceputa in anul 2001. 

3. MODIFICAREA CHIMICA A POLIMERILOR NATURALI

Coordonatori: dr. Marieta Nichifor, cp I; dr. Georgeta Mocanu,cp I

Grup de lucru:


Dr. Doina Mihai, cercet.st.


Dr. Marieta Fundueanu-Constantin, cp III


Dr. Gheoghe Fundueanu-Constantin, cp III


Chim. Cristina Stanciu, asistent cercetare


Chim. Adrian Carpov, cp I, consultant stiintific

Obiective specifice:

( Noi sisteme de eliberare controlata a medicamentelor si biomateriale

· Solutii de rezolvare a unor probleme legate de protectia mediului si sanatate

IMPORTANTA DOMENIULUI ABORDAT


Polimerii naturali au cunoscut o dezvoltare tot mai larga ca o alternativa la polimerii sintetici, datorita multiplelor posibilitati de utilizare biomedicala, corelate direct cu lipsa de toxicitate, biocompatibilitatea si biodegradabilitatea lor.

Polizaharidele liniare (dextran, pullulan, carboximetilceluloza), functionalizate corespunzator, reprezinta suporturi pentru obtinerea sistemelor cu eliberare controlata a medicamentelor antiinflamatoare [1-4], anticanceroase [5-8], vasodilatatoare [9-11], antibiotice [12-14], antiaritmice [15-16], antihistaminice [17-18], antitusive [19-20], narcotice [21], etc. Polizaharidele sau derivatii lor se folosesc in tehnici de conditionare a medicamentelor, ca excipienti pentru dezintegrarea comprimatelor, matrici pentru eliberarea controlata a principiilor active sau acoperiri enterice ale comprimatelor [22-24]. Polizaharidele reticulate (pe baza de dextran, agaroza) se folosesc pentru separari de produse biologice prin tehnici de cromatografie pe gel sau cromatografie de schimb ionic [25].

Prin introducerea de grupari hidrofobe pe catena polizaharidica ionica sau neionica se obtine o noua clasa de produsi denumiti “polimeri asociativi” sau “polimeri amfifili”; acestia, datorita proprietatilor lor hidrofil/hidrofobe îsi gasesc numeroase aplicatii ca viscozifianti, reofluidifianti, la imobilizarea produselor biologic active prin forte hidrofobe, in farmacie, medicina, biotehnologie [26-36].

REZULTATELE OBTINUTE

Cercetarile anterioare au studiat obtinerea de suporturi pe baza de dextran reticulat cu grupari reactive cloroacetil [37], cloroalchil (C2-C5) [38], clorodesoxi si/ sau mesil [39]. Aceste suporturi au fost supuse apoi reactiilor chimice cu substante biologic active cu grupari functionale reactive adecvate, obtinându-se sisteme pentru eliberarea controlata a acidului nicotinic [40], oxazepamului [41], ranitidinei [42], acidului nalidixic [43], oxacilinei [43], metronidazolului [44] si teofilinei [45]. Produsii noi obtinuti au fost caracterizati prin analize elementale, spectroscopie IR si studiul comportarii in vitro. Studiile in vitro au aratat, pentru majoritatea conjugatelor polimer-medicament obtinute, o eliberare treptata a principiului activ, in functie de pH si timp. Pentru derivatii de acid nicotinic s-au început si studii farmacologice in vivo. Testarile preliminare au demonstrat posibilitatea luarii in considerare a acestor produsi ca sisteme cu eliberare controlata a principiilor active.

Alte cercetari au fost indreptate spre sinteza de polimeri pe baza de polizaharide care sa aiba o activitate farmaceutica intrinseca, anume polizaharide aminate, care au actiune hipolipemianta datorita capacitatii lor de a absorbi acizii biliare (sechestranti de acizi biliari).


In anul 2001 au fost relizate urmatoarele:

A. Noi produse pe baza de carboximetilceluloza si carboximetilpullulan reticulate cu epiclorhidrina sau trimetafosfat de sodiu, care contin cantitati variabile de substituenti hidrofobi; datorita proprietatilor hidrofil-hidrofobe acestea prezinta caracteristici interesante ce permit aplicarea in domenii ca separarea/purificarea substantelor biologic active, imobilizarea enzimelor, obtinerea sistemelor cu eliberare controlata a medicamentelor.

1. A fost studiata obtinerea de noi suporturi pe baza de polizaharide: microparticule reticulate de carboximetilceluloza, pullulan si carboximetilpullulan; acestea au fost caracterizate prin determinari de continut de grupari functionale (capacitati de schimb ionice, titrari conductometrice), de coeficienti ai retinerii de solventi.

2. Microparticulele de polizaharide cu grupari carboxilice in forma H+ au fost transformate chimic cu cantitati variabile de amine alifatice cu lant alchilic lung in vederea obtinerii de produsi amfifili reticulati; acestia au fost de asemenea caracterizati din punct de vedere al functionalitatii si al comportarii fata de solventi.

3. A fost studiata interactia suporturilor polizaharidice obtinute cu substante biologic active ca enzime (lisozima, ovalbumina (-lactoglobulina, albumina bovina serica) sau medicamente (propranolol). In fiecare caz s-au studiat cineticile de retinere si de eliberare a acestora din complecsii obtinuti. S-a stabilit ca retinerea si eliberarea substantei biologic active este influentata de hidrofilia suportului, continutul de grupe ionice si cantitatea de substituent hidrofob.

4. S-a studiat activitatea enzimatica a lisozimei imobilizate pe suporturile sintetizate; s-a observat ca viteza de eliberare a acesteia depinde de caractersiticile suportului - hidrofilie, continut de substituent hidrofob.

5. Studiul prezinta o gama larga de noi suporturi ce pot fi utilizate pentru separari/ purificari sau imobilizari de enzime; ele pot fi alese in functie de scopul si performantele ce se doresc a fi obtinute.

B. Sinteza de noi polimeri aminati bazati pe dextran liniar sau reticulat si interactiunea acestora cu agenti tensioactivi biologici (acizii biliari). 

Polimerii sintetizati sunt destinati aplicarii ca medicamente hipolipemiante (polimerii reticulati) sau ca agenti de ingrosare (polimerii liniari). Realizari in acest domeniu:


1. Polimerii amfifili solubili in apa sau care se pot umfla considerabil in apa s-au sintetizat prin modificarea chimica a dextranului liniar sau a dextranului reticulat cu un amestec echimolar de epiclorhidrina (ECH) si o dimetilalchil amina (DMRA) (unde R = C2 –C12). In conditiile optime de cuaternizare stabilite, s-a reusit obtinerea unor geluri cationice cu un continut de grupe aminice de 1-1,2 mechiv/g (20-30 moli amina/100 unitati glucopiranozidice).


2. S-a studiat interactiunea dintre polimerii cationici reticulati si acizii biliari, in prezenta sau absenta electrolitilor cu anioni competitivi (Cl-, HPO42-) si s-a demonstrat ca afinitatea pentru acizii biliari si stabilitatea complexului ionic format intre gel si acid biliar cresc considerabil cu cresterea lungimii lantului alchilic al substituentului R de la grupa aminica cuaternara.


3. Studiile de legare competitiva a acizilor biliari pe geluri cationice de dextran, efecuate din solutii continind amestecuri de 3 sau 4 acizi biliari, au demonstrat o afinitate crescuta a gelurilor cu substituent R = C12 pentru acizii biliari mai hidrofili (trihidroxilici si conjugati). Parametrii de legare a acizilor biliari de catre gelurile de dextran cu grupe dimetildodecilamoniu si de catre Cholestyramine, un medicament hipolipemiant utilizat clinic, au aratat ca gelul DMDodA este superior Cholestyraminei in ceea ce priveste viteza de formare a complexului ionic cu acizii biliari si stabilitatea acestui complex, in conditii apropiate de cele fiziologice (pH si concentratie de electroliti). Aceste rezultate recomanda gelurile cationice de dextran, si in special cel cu grupe de dimetildodecil amoniu, ca potentiali agenti hipolipemianti cu eficienta terapeutica superioara Cholestyraminei.


4. S-a studiat interactiunea polimerilor cationici solubili in apa cu acizii biliari prin masuratori de fluorescenta statica si viscozimetrie capilara. Studiile de fluorescenta au permis calcularea concentratiilor critice de agregare (cca) ale acizilor biliari in prezenta polielectrolitilor cationici. Valorile cca sunt de 1-2 ori mai mici decit valorile cmc obtinute prin aceeasi tehnica, in absenta polielectrolitilor, si scad cu cresterea lungimii substituentului R de la grupa aminica si cu hidrofobia acidului biliar. Aceste rezultate sunt o confirmare in plus a datelor obtinute pentru parametrii de legare a acizilor biliari pe geluri cationice de dextran cu structura chimica similara. Studiile viscozimetrice au pus in evidenta colapsarea polielectrolitilor cu cresterea gradului de neutralizare a grupelor aminice cu acidul biliar, iar aceasta colapsare este mai accentuata in cazul polielectrolitilor cu substituent R mai hidrofob.
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VALORIFICAREA REZULTATELOR

Lucrari publicate
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4. POLIMERI “VERZI”

Coordonator: dr. Gabrielle Charlotte Chitanu, cp I

Grup de lucru:


Chim. Adrian Carpov, cp I, consultant stiintific


Cerc. st. Adina Graziella Anghelescu-Dogaru, doctorand


As. cerc. Dana-Mihaela Suflet, doctorand


As. cerc. Gabriela Aldea, doctorand

Obiective specifice:

( protectia mediului – prin cresterea exploatarii apelor geotermale, imbunatatirea structurii solului, reducerea eutrofizarii apelor datorita fosfatilor din detergenti

( obtinerea de noi date privind interactiunile in mediu apos intre polielectroliti si ioni, saruri, macromolecule sau suprafete 

IMPORTANTA DOMENIULUI ABORDAT

Cresterea poluarii mediului inconjurator este unul din semnalele de alarma in perioada actuala. Ca atare, exista numeroase preocupari pentru reducerea acestui fenomen, atit printre oamenii de stiinta, cit si din partea unor organisme guvernamentale si ne-guvernamentale. Astfel, unul din programele tematice lansate de Comisia Europeana prin Programul Cadru 5 (FP5) este intitulat “Energie, mediu inconjurator si dezvoltare durabila”, iar  programul ANSTI Orizont 2000 a prevazut un obiectiv referitor la prevenirea si controlul integrat al poluarii industriale.

Proiectul de cercetare referitor la “Polimeri verzi” este structurat pe doua directii: 

a) o directie cu caracter predominant teoretic, care vizeaza extinderea notiunii de “protectia mediului cu ajutorul polimerilor” 

b)  o directie cu caracter predominant aplicativ, care vizeaza cercetari a caror aplicare conduce la evitarea sau reducerea poluarii mediului inconjurator.

In general, polimerii sunt considerati substante daunatoare pentru mediul inconjurator, datorita faptului ca, inainte si mai ales dupa intrebuintare, ei constituie sursa unei cantitati importante de deseuri [1]. Acesta este cazul polimerilor de mare tonaj ca polietilena, poli(clorura de vinil), poli(metacrilatul de metil), polistirenul, etc. [2]. La o analiza mai atenta a structurii chimice si a utilizarii polimerilor, se constata ca o alta clasa, polimerii solubili in apa, care poseda grupari functionale sau ionice/ionizabile, cum ar fi poli(vinilpirolidona), poliacrilamida, poli(alcoolul vinilic), poli(acidul acrilic), contribuie la evitarea sau reducerea poluarii mediului inconjurator [3-5]. S-a propus de aceea, pe baza unui studiu de literatura si a experientei proprii, punerea in evidenta a efectului de “protectia mediului inconjurator cu ajutorul unor polimeri“ completat cu definirea notiunii de “polimeri favorabili pentru mediu” (“polimeri ecoprotectori”), intre care sa fie inclusi, pe linga polimerii naturali si polimerii biodegradabili, alti polimeri, biodegradabili sau nu, care, folositi in cantitati mici, au un efect important de protejare a mediului inconjurator, asa cum sunt., de ex. polielectrolitii maleici. Se vine astfel in intimpinarea modificarii pe plan mondial a conceptiei despre impactul polimerilor asupra mediului, manifestata si prin lansarea sintagmei “’green’ polymers” – “polimeri ‘verzi’” [2].

Directia cu caracter aplicativ a proiectului de fata se bazeaza pe cercetarile efectuate pe parcursul mai multor ani in cadrul grupului de polimeri maleici, care au permis acumularea unor rezultate privind  sinteza, caracterizarea, comportarea in solutie si posibilitatile de aplicare a copolimerilor anhidridei/acidului maleic cu diferiti comonomeri vinilici sau acrilici cum ar fi acetatul de vinil, stirenul, N-vinilpirolidona sau metacrilatul de metil [6-18]. Cercetarile privind sinteza au condus la elaborarea produselor de tip PONILIT GT, pentru care a fost proiectata si realizata o instalatie de 100 t la Metadet S.A. Falticeni [19]. Experimentarile pentru aplicarea acestor produse au condus la utilizarea cu succes ca agenti anticrusta pentru ape geotermale, inlocuitori de fosfati in detergenti si agenti de imbunatatire a structurii solurilor agricole [20-22]. 


In etapa de cercetare 2001 au fost abordate urmatoarele directii:

· Sinteza si caracterizarea unor polielectroliti cu grupe fosforice pe baza de polimeri naturali sau sintetici;

· Testarea produsilor obtinuti ca inlocuitori de fosfati in detergenti;

· Studiul interactiunilor care stau la baza utilizarii unor polielectroliti maleici ca aditivi in tanarea cu crom.

REZULTATE OBTINUTE

Rezultatele anterioare ale grupului de cercetare au inclus sinteza si caracterizarea avansata a unor noi copolimeri ai anhidridei maleice (9, 12, 13, 17(, studiul disocierii polielectrolitilor obtinuti [15, 18], studiul comportarii de polielectrolit cu ajutorul difuziei luminii statice si dinamice [16], realizarea unor conjugate cu molecule dezinfectante pentru obtinerea unor sisteme cu eliberare controlata [14], studii legate de aplicarea polielectrolitilor maleici ca inhibitori de cristalizare [6,7] sau in procese de biomineralizare [11], ca agenti de conditionare a solurilor [8] sau ca aditivi la tanarea pieilor cu crom [10]. In literatura se recomenda, pentru inhibarea crustelor, amestecuri de polielectroliti carboxilici si compusi cu fosfor cu molecula mica. In consecinta, cercetarile din etapa 2001 au fost directionate spre obtinerea unor polielectroliti care sa contina grupari fosforice si/sau carboxilice, pe baza de polimeri sintetici sau naturali. In continuare vor fi rezumate rezultatele cercetarilor efectuate.

1. Sinteza de polielectroliti cu grupe fosforice pe baza de copolimeri maleici (PMGF). Sinteza s-a realizat prin reactia 2-ciclohexil-2-oxo-1,3,2-dioxafosfolanului (CHDOF)cu copolimerul anhidrida maleica-stiren (AM-S), conform schemei 1:


Schema 1. Reactia 2-ciclohexil-2-oxo-1,3,2-dioxafosfolanului cu copolimerul AM-S

Pentru confirmarea reactiei si evaluarea gradului de conversie au fost efectuate titrari conductometrice cu NaOH in amestec acetona-apa, si au fost inregistrate spectrele IR ale derivatilor comparativ cu copolimerul de plecare. In figura 1 este reprezentat ca exemplu spectrul IR al copolimerului AM-S si a derivatului acestuia cu CHDOF. 




Figura 1. Spectrele IR pentru copolimerul AM-S si copolimerului maleic modificat cu CHDOF. De sus in jos: copolimerul AM-S si doi derivati cu conversie 29 si 45%.

Derivatii obtinuti conform reactiei contin grupe de acid fosforic, care este un acid tare, si grupe carboxilice, care sunt grupe acide slabe. Pentru a confirma reactia si a pune in evidenta caracterul de polielectrolit a fost efectuata titrarea potentiometrica cu hidroxid de litiu. Curba de variatie a pH-ului si derivata ei sunt prezentate in figura 2.

Figura 2. Curba de titrare potentiomatrica pentru un derivat maleic cu grupe fosforice.

Se observa ca derivatul disociaza in doua trepte: un maxim la circa 0,2 grad de neutralizare, care poate fi atribuit grupelor tari de acid fosforic, si maximul corespunzator tuturor grupelor acide. Raportul intre grupele tari si grupele acide totale corespunde gradului de conversie estimat din analiza elementala. 

In concluzie, a fost obtinut un polielectrolit maleic cu grupe fosforice (PMGF), anume, derivatul copolimerului anhidrida maleic-stiren cu reactia 2-ciclohexil-2-oxo-1,3,2-dioxafosfolan, cu un grad de conversie de pina la  45%. Derivatul se comporta ca un polielectrolit care disociaza in doua trepte, corespunzatoare grupelor acide tari fosforice si grupelor acide slabe carboxilice.

2. Sinteza unor polizaharide cu grupe fosforice prin reactia celulozei cu acidul fosforos

Sinteza de polielectroliti cu grupe fosforice pe baza de polizaharide a vizat, pentru inceput, fosforilarea celulozei, avand in vedere ca celuloza provine din surse regenerabile, este biodegradabila, deci compatibila cu mediul ambiant, lipsita de toxicitate si accesibila ca pret. Pentru obtinerea celulozei fosforilate, s-a utilizat metoda descrisa de Inagaki, in care se efectueaza reactia celulozei, sub forma de fibra, cu acidul fosforos, in mediu de uree topita conform schemei 2: 


Schema 2. Reactia de fosforilare a celulozei cu acid fosforos

Produsul obtinut este un monoester al acidului fosforos, cu grupari ionizabile P-OH, dar care prezinta si o grupare P-H reactiva ce permite cuplari cu alti compusi. In experimentarile efectuate am folosit celuloza microcristalina de tip Avicel pH 101, iar reactia cu acidul fosforos s-a efectuat la temperatura ridicata in mediu de uree topita. Produsul de reactie a fost precipitat in metanol. Pentru eliminarea urmelor de uree probele au fost purificate prin solvire si reprecipitare repetata folosind sistemul solvent-nesolvent descris mai sus, uscate pe pentaoxid de fosfor la presiune redusa, la temperatura ambianta. In final s-a obtinut un produs alb, solubil in apa. In figura 3 este prezentat spectrul IR al celulozei microcristaline si ale unor derivati fosforilati ai acesteia, care confirma introducerea grupelor de acid fosforos pe scheletul celulozic.
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Figura 3. Spectrul IR pentru celuloza Avicel si derivatii fosforilati R6, R7 si R8


Pentru a confirma caracterul de polielectrolit al celulozei fosforilate s-a studiat disocierea in solutie apoasa a probelor prin titrare potentiometrica cu hidroxid de potasiu. In figura 4 sunt prezentate curbele de titrare potentiometrica si derivatele corespunzatoare pentru trei probe de celuloza fosforilata cu diferite grade de substitutie cuprinse intre 0,89 si 0,95.

                                                                                
Figura 4. Titrarea potentiometrica cu KOH a celulozelor fosforilate R6, R7 ,R8. Dreapta: cubele de variatie a pH-ului; stinga: curbele derivate

Pe curbele de titrare potentiometrica din figura 4 se pot observa doua puncte de inflexiune ca si cum polimerul poseda doua tipuri de grupari: 80% grupari de acid mai tare si 20% grupari de acid mai slab. Comportarea aceasta este surprinzatoare, tinind cont de faptul ca, in conformitate cu schema de reactie pentru fosforilarea celulozei, derivatul contine un singur tip de grupe acide, si anume, grupe de monoacid fosforic. Aceasta comportare ar putea fi datorata impurificarii celulozelor fosforilate. O mostra de celuloza fosforilata a fost purificata prin ultrafiltrare in cadrul unui stagiu efectuat la CERMAV Grenoble in luna septembrie, urmand sa fie reluat studiul comportarii de polielectrolit.

In concluzie, au fost obtinuti polielectroliti cu grupe fosforice prin fosforilarea celulozei de tip Avicel cu acid fosforos, in uree topita. Gradul de substitutie atins in aceste conditii s-a situat intre 0,89 si 0,95, iar spectrele IR si titrarea potentiometrica au confirmat reactia. 

3. Utilizarea polielectrolitilor cu fosfor ca inlocuitori de fosfati in detergenti

Capacitatea de a substitui fosfatii in detergenti este una din posibilitatile importante de utilizare a celor doi polielectroliti cu fosfor sintetizati. Aceasta proprietate a fost testata cu ajutorul testului Hampshire, prin titrarea turbidimetrica a probelor de polielectrolit in solutie de carbonat de sodiu cu solutie de acetat de calciu. Rezultatele testului Hampshire dau o prima informatie si despre abilitatea polimerilor de a inhiba formarea de cruste, deci de a functiona ca agenti anticrusta.

In figura 5 sunt prezentate ca exemplu rezultatele testului Hampshire pentru copolimerul AM –S, compusul cu fosfor cu molecula mica CHDOF (M) si derivatul lor PMGF, in comparatie cu doi substituenti tipici de fosfati in detergenti (EDTA, NTA).
Se poate observa ca valoarea pentru derivatul PMGF este mai ridicata decit a celor doua produse de plecare – copolimerul AM-S si CHFE. Rezultatele obtinute sunt incurajatoare pentru elaborarea de noi substituenti pentru fosfati in detergenti si confirma oportunitatea asocierii celor doua tipuri de grupari, carboxilice si fosforice, pe acelasi schelet polimer. Experimentarile in aceasta directie vor fi continuate.


Figura 5. Valorile CL rezultate din testul Hampshire pentru CHFE (M), copolimerul AM–S (S) si derivatul PMGF (C), in comparatie cu doi substituenti tipici de fosfat EDTA si NTA

4. Interacţia copolimerilor maleici cu colagen şi/sau ioni de crom. Utilizarea copolimerilor maleici ca auxiliari pentru tanare

Asocierea proteinelor cu polielectroliţi sintetici este interesantă cel puţin din trei motive. În primul rând, legarea proteinelor la acidul deoxiribonucleic (ADN) este considerată a fi compusă dintr-o interacţie coulombiană nespecifică şi din efecte la distanţă scurtă specifice locului (“site-specific”). Din acest punct de vedere, complexarea proteinelor cu poliioni sintetici poate să aducă clarificări în ce priveşte interacţia electrostatică la distanţă lungă. În al doilea rând, separarea de fază la formarea complecşilor proteină/polielectrolit sintetic oferă posibilitatea de a purifica proteinele. În sfârşit, polielectroliţii pot fi utilizaţi pentru imobilizarea şi stabilizarea enzimelor.

Dintre industriile poluante, industria de pielărie este confruntată în permanenţă cu probleme datorate reglementărilor privind tratarea apelor uzate şi îndepărtarea reziduurilor solide. Una dintre componentele cele mai dăunătoare din apele uzate este cromul sub formă de CrIII, provenit din tăbăcirea pieilor cu săruri bazice de crom. O serie de cercetări preliminare privind reducerea concentraţiei de crom din efluentele de la tanare, care au pus în evidenţă efectul pozitiv al polielectrolitului carboxilic acid maleic-acetat de vinil, cu denumirea de marcă Ponilit GT2TM, ca aditiv în flota de tanare au fost deja efectuate in cadrul grupului de lucru pentru polimeri maleici.
Pornind de la aspectele prezentate, în etapa 2001 au fost efectuate o serie de experimente care să evidenţieze modul în care au loc interacţiile între parteneri sau în sisteme ternare simplificate. În experimentările efectuate, polielectrolitul carboxilic utilizat a fost copolimerul acidului maleic cu N-vinil-pirolidonă, data fiind biocompatibilitatea cunoscută a NVP. Experimentările au fost efectuate şi cu scopul de a lărgi gama de polielectroliţi maleici utilizaţi ca aditivi în procesul de tanare şi de a stabili eventuale relaţii structură-efect.


În experimentele efectuate s-a urmărit: i) influenţa naturii contraionului; ii) influenţa concentraţiei ionilor de crom. Astfel, peste o soluţie de copolimer acid maleic - N-vinilpirolidonă (copolimer P) s-a adăugat, în porţiuni, o soluţie de colagen (COL) şi s-a urmărit modificarea pH-ului, conductivităţii şi turbidităţii sistemului. Ca sursă de ioni de crom a fost folosit triacetatul de crom anhidru, deorece, din punctul de vedere al teoriei soluţiilor de polielectroliţi, se preferă utilizarea unei sări ai cărei contraioni sunt monovalenţi. 


i) Dintre rezultatele obtinute prezentam mai jos interactia intre colagen si copolimerul maleic in prezenta sau absenta unor ioni cum sunt calciul sau cromul, studiata cu ajutorul titrarii turbidimetrice, care reflecta comportarea globala a sistemului studiat, si titrarii potentiometrice, care pune in evidenta interactiunile electrostatice. In figura 6 sunt prezentate curbele turbidimetrice, iar in figura 7 sunt prezentate curbele potentiometrice. 

Figura 6. Interacţia copolimerului P cu colagen cu sau fără adaos de ioni multivalenţi. Titrarea turbidimetrica

Figura 7. Titrarea potenţiometrică a copolimerului P cu colagen cu sau fără adaos de ioni multivalenţi.

Rezultatele obţinute din metodele electrochimice, corelate cu comportarea la titrare turbidimetrică, sugerează că interacţia copolimerului maleic cu colagen are loc prin forţe slabe şi numai în mică măsură prin interacţiuni electrostatice.

ii) Pentru a studia influenţa concentratiei ionilor de crom adăugaţi, asupra interacţiei copolimerului P cu colagen, a fost realizată o serie de experienţe în care au fost titrate soluţii de copolimer P cu c = 0,522 g/L cu soluţie de colagen 10 g/L, cu sau fără adaos de acetat de crom în concentraţie de la 0,743 pînă la 5,944 g/L. Modificările în sistemele analizate au fost măsurate turbidimetric. Rezultatele sunt prezentate în figura 8.


Figura 8. Titrarea turbidimetrică a copolimerului P cu colagen în prezenţă sau în absenţă de crom (c = 0,743 - 5,944 g/L).

Se observa ca, creşterea concentraţiei cromului adăugat conduce la obţinerea de sisteme P-COL omogene, ceea ce ar putea constitui un avantaj în procesul de tăbăcire. 

In concluzie, investigarea sistemului copolimer P-COL a pus în evidenţă cu claritate interacţia între cei doi parteneri macromoleculari. Diferenţa între comportarea la titrare turbidimetrică şi la titrările electrochimice a indicat că interacţia are loc preponderent prin forţe slabe şi în mică măsură prin interacţia electrostatică a grupelor acide ale copolimerului cu grupările aminice (capete de lanţ) ale colagenului. Interacţia celor doi parteneri macromoleculari este influenţată de prezenţa ionilor de crom într-un mod care este in buna concordanta cu rezultatele experimentale obtinute la tanarea in prezenta de Ponilit GT-2. Datele obtinute evidentiaza un nou candidat ca auxiliar la tanare: polielectrolitul acid maleic - N-vinilpirolidonă.


În acelaşi timp, etapa parcursă a pus în evidenţă numeroase căi pe care cercetările începute ar putea fi continuate pentru acumularea de date privind mecanismele de acţiune ale polielectroliţilor maleici ca aditivi la tăbăcirea cu săruri de crom. Experimentări sistematice într-un domeniu larg de rapoarte P:COL şi COL:Cr, testarea influenţei ordinii de adăugare a componentelor sistemului şi a concentraţiei soluţiei de colagen, studiul interacţiei copolimerului P cu pudra de piele, sunt numai câteva dintre ele.
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2. “Polimeri ”verzi”. Aplicatii ecologice si biomedicale”, Grant MEC tip C nr.6182 GR/25.10/2000, act ad. 1/2001. 

3. “Aditivi macromoleculari pentru reducerea poluarii cu crom”, grant MEC tip T, aprobat oct. 2001.

4. “Polielectroliti pe baza de polizaharide utilizati in protectia mediului inconjurator”, grant MEC tip T, aprobat oct. 2001.

Alte rezultate

1. In luna noiembrie 2001 A. G. Anghelescu-Dogaru va sustine teza intitulata “Copolimeri ai anhidridei maleice cu monomeri vinilheterociclici cu aplicaţii în tehnologii avansate”, care cuprinde capitole dedicate utilizarii polielectrolitilor maleici ca agenti anticrusta, aditivi pentru tanare cu crom si inlocuitori de fosfati in detergenti.

2. Dr. G. C. Chitanu, stagiu de 1 saptamina la Universitatea din Helsinki in cadrul schimburilor intre Academia Romana si Academia Finlandei. Realizari: experimentari preliminare de difuzia luminii statica si dinamica privind formarea de structuri in solutii de polielectroliti maleici; incheierea unei conventii de colaborare.

3. Dr. G. C. Chitanu, stagiu de 2 saptamini la CERMAV Grenoble in cadrul schimburilor intre Academia Romana si CNRS. Realizari: sinteza si purificarea a cinci probe de polielectroliti maleici cu diverse structuri (trei dintre aceste probe au fost trimise la Universitatea din Helsinki, pentru studii de difuzia luminii); definitivarea unei lucrari; redactarea preliminara a unei lucrari.

4. Doctorand G. Aldea: bursa pentru participarea la cursuri internationale sub auspiciile NATO, organizate de Institutul de Chimie Macromoleculara din Praga.

5. IMPACTUL POLIMERILOR ASUPRA MEDIULUI
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Obiective specifice:

· identificarea surselor de deseuri polimere si gasirea de solutii de reducere a deseurilor de polimeri, reciclare, reducere a impactului lor asupra mediului

· sensibilizarea mediilor oficiale in problema poluarii cauzate de deseurile polimere si punctarea potentialului lor material si energetic

· acumularea de date necesare participarii mai sustinute a institutului la programe cu finantare internationala

IMPORTANTA DOMENIULUI ABORDAT


Folosind energie omul transforma diverse materii prime din mediul ambiant in produse necesare vietii zilnice. Dupa utilizare, aceste produse se reintorc in mediu sub forma de deseuri. In decursul secolelor materiile prime si capacitatea mediului de a absorbi deseurile au fost considerate nelimitate. Aceste conceptii s-au schimbat in timp deoarece cresterea continua a populatiei a necesitat un consum sporit de materii prime si energie si a generat o cantitate mereu crescinda de deseuri, din ce in ce mai greu de asimilat de catre mediu, datorita caracteristicilor lor din ce in ce mai complexe. Doar in ultimele trei decenii omenirea a inceput sa devina constienta ca resursele de materii prime si energie sunt limitate, iar deseurile afecteaza mediul inconjurator.

Tehnologia materialelor polimere a cunoscut o adevarata explozie, productia globala anuala crescind de la 30 000 tone in anii 1900 la peste 150 000 000 tone in anul 2000 [1]. Secolul 20 a fost considerat secolul materialelor polimere, productia de astfel de materiale fiind de trei ori mai mare decit cea de otel, iar consumul anual variind intre 50 si 200 kg de persoana. Pe de alta parte recepturile polimere sunt concepute pentru a rezista cat mai mult la degradarea naturala, pentru a prelungi timpul de utilizare a materialelor produse.


Materialele plastice reprezinta sub 15 % din deseurile urbane [2] dar datorita caracteristicilor lor ele ridica probleme deosebite asupra mediului. Deseurile polimere au un aspect neplacut; fiind usoare si viu colorate ele plutesc la suprafata apelor sau sunt foarte vizibile cand raman pe sol, producand asa numita “poluare vizuala”. Unele tipuri de deseuri polimere, precum cele medicale, prezinta un risc ridicat pentru oameni si alte vietuitoare datorita contaminarii cu substante toxice sau biologic periculoase (virusi, singe, etc.). Aceste deseuri necesita metode speciale de tratare precum desinfectarea chimica, sterilizarea in abur sau cu plasma [3-5].


Eliminarea deseurilor polimere prin incinerare poate duce la formarea de poluanti agresivi si cu factor mare de risc asupra mediului si sanatatii, precum dibenzodioxinele, bifenilii si dibenzofuranii clorurati [6,7]. Compusii cu clor sau cu azot obtinuti la descompunerea termica a PVC si ABS sau a amestecurilor complexe continand acesti polimeri pot genera gaze acide sau toxice precum HCl si oxizii de azot. Normele legislative privind poluarea atmosferica cu astfel de substante toxice au impus inchiderea a numeroase instalatii de incinerare si piroliza [8].

Ca urmare, cercetarile referitoare la deseurile polimere au in vedere elaborarea de metode atat pentru tratarea nepoluanta cat si pentru reciclarea in vederea recuperarii continutului material si energetic si implicit conservarea energiei si a materiilor prime. Reciclarea include atat metode de reutilizare prin reprelucrare cat si metode de descompunere termica pentru obtinerea de amestecuri complexe de hidrocarburi ce pot fi utilizate in industria petrochimica sau pentru producerea de energie. 


Cercetarile au avut in vedere in principal polimerii cel mai mult folositi si care se regasesc in cantitatile cele mai mari in deseuri: poliolefine (PE, PP – 65 %), PS (14 %), PVC (4 %), ABS (3 – 5 %), PET(1 – 4 %) [9,10].


Polietilena (PE) si polipropilena (PP) reprezinta 74 % din deseurile plastice provenite din ambalaje [11], pentru care descompunerea termica si catalitica [12-17] reprezinta metoda optima de tratare/valorificare. Policlorura de vinil (PVC) este mult folosita, in forma rigida (66 %) sau plastifiata (34 %) pentru constructii (52 %), ambalaje (17 %), echipamente electrice (9 %), automobile (3 %), echipamente de birotica (3 %) si materiale textile sau de incaltaminte (3 %) [18]. Reciclarea mecanica si mai ales prin descompunere termica a PVC ridica probleme datorita formarii HCl coroziv si a compusilor clorurati, precursori ai bifenililor si dibezofuranilor clorurati cu toxicitate foarte mare. Cauciucul ABS e folosit in carcasele unor echipamente de birotica si calculatoare sau intra in compozia automobilelor iar descompunerea sa termica duce la formarea amoniacului si a acidului cianhidric, foarte toxic [19]. In plus, nitrilii si aminele ce raman in lichidele de piroliza pot duce prin ardere la corodarea motoarelor si la formarea oxizilor de azot toxici [20,21], iar heterociclii cu azot pot otravi catalizatorii folositi in industria petrochimica in procesele uzuale de hidrodenitrogenare [22,23]. Cantitatea de azot in lichidele de piroliza poate fi scazuta daca descompunerea este efectuata termic sau catalitic in conditii optime [24-26].

Prin urmare, sunt necesare studii fundamentale pentru elucidarea aspectelor privind cinetica si mecanismele reactiilor degradative care sa permita alegerea judicioasa a sistemelor de stabilizare termica si fotochimica a materialelor polimere precum si stabilirea conditiilor optime de descompunere termica si catalitica a polimerilor pentru o valorificare cat mai buna a continutului material si energetic al deseurilor polimere, in vederea conservarii energiei si resurselor si totodata pentru evitarea sau indepartarea compusilor poluanti in vederea limitarii impactului negativ al polimerilor asupra mediului.

Sistemele de polimeri continand grupe ionogene sunt intalnite peste tot in natura si sunt esentiale pentru viata. Studiul proprietatilor polielectrolitilor este necesar pentru intelegerea fundamentala a proceselor biologice, iar polielectrolitii sintetici solubili, cu structuri mult mai simple si bine definite, pot constitui sisteme model adecvate pentru intelegerea proceselor complexe specifice sistemelor biologice. In acelasi timp, polielectrolitii sintetici sunt produse cu o larga utilizare in domenii cum sunt: industria textila, industria hirtiei, procesarea efluentilor si a apei potabile, industria extractiva, constructii, cosmetice, medicina si farmacie, etc. Numeroase publicatii vizeaza aplicatiile polielectrolitilor in procese insotite de separare de faza, solubilizare prin intermediul polielectrolitilor, antistatizare, recuperarea petrolului, etc. [29-36]. Modificarea suprafetelor prin adsorbtie de polimeri sau complecsi polielectrolitici, domeniu de mare actualitate, implica numeroase interactii a caror studiu poate avea semnificatii deosebite atat pentru stiinta fundamentala cat si aplicativa [37-41]. Indepartarea «poluantilor refractari» cum sunt colorantii, detergentii, particulele coloidale foarte fine din apele uzate necesita o gama foarte variata de polimeri solubili in apa. Polimerii ionici hidrofili/hidrofobi care, in functie de raportul intre cele doua parti pot actiona ca solubilizanti pentru lichide sau solide hidrofobe prezente in apa cum sunt hidrocarburile cu masa moleculara mica sau colorantii hidrofobi, prezinta de asemenea interes practic. 

Domeniile de utilizare mentionate sunt argumente suficiente pentru sinteza de noi polimeri solubili in apa, in special polimeri ionici cu proprietati hidrofil/hidrofobe, si pentru studiul proprietatilor acestora in diversi solventi si in prezenta a diferite saruri, stiut fiind faptul ca eficienta polielectrolitilor in tratarea apelor depinde foarte mult de natura si concentratia ionilor prezenti in apa.

Aplicarea polielectrolitilor pentru separari de faza in sisteme apoase este indeosebi legata de protectia mediului, vizand in principal epurarea apelor uzate menajere si industriale sau conditionarea namolurilor in vederea deshidratarii prin filtrare. Din punct de vedere teoretic, procesul consta in separarea unor sisteme coloidale, uneori foarte stabile, intr-o faza apoasa, care trebuie sa corespunda unor standarde foarte severe de calitate, si un sediment care sa se depuna rapid. Acest proces se intalneste si in fabricarea hartiei, cand faza ce intereseaza este sedimentul. Particulele coloidale poarta de cele mai multe ori sarcini negative si ca urmare polielectrolitii cationici sunt cei mai indicati pentru astfel de tratamente. Interactiunile electrostatice cu formare de complecsi interpolimerici, polielectrolit/colorant, polielectrolit/surfactant au un rol esential in aceste procese, dar interactiunile hidrofobe, legaturile de hidrogen le completeaza eficienta. Ca urmare a cererii crescande de polimeri cationici productia acestora a crescut mult in ultimul timp, preocuparile noastre fiind orientate in principal tot spre acest tip de polielectroliti.

REZULTATE OBTINUTE

A) Studiile anterioare ale grupului de ceretare au fost axate pe analiza completa a unor materiale polimere degradate sau contaminate in timpul folosirii si pe gasirea de metode optime de valorificare a deseurilor polimere concomitent cu eliminarea produsilor poluanti [17,19,24-26].

In anul 2001 au fost realizate rezultatele prezentate mai jos.

In vederea reducerii impactului negativ al deseurilor medicale asupra mediului PE si PP provenite din seringi de unica folosinta au fost caracterizate prin spectroscopie IR si analiza TG si au fost descompuse termic si catalitic. Produsele de piroliza au fost caracterizate prin metode uzuale in petrochimie (analiza elementala, densitati, indici de refractie, puncte de anilina, mase moleculare), spectroscopie IR si RMN si cromatografie GC-MS, in vederea folosirii lor ulterioare [16-17]. Schema procesului de tratare/valorificare a deseurilor medicale din PE si PP este prezentata in figura 1. Studiile au fost efectuate in colaborare cu Universitatea Laval, Quebec, Canada.


Figura 1. Procedeu de tratare/valorificare a PE si PP din deseuri medicale

Au fost caracterizate deseuri de PVC provenite din izolatia cablurilor electrice uzate timp de 18 ani la 6-10 KV, prin extractie succesiva in acetona si benzen si analiza fractiilor rezultate prin metode spectrale (IR, RMN) si de analiza termica (DSC, DTG) (in colaborare cu INCERPLAST SA Bucuresti). Pentru reziduurile de extractie s-au determinat masele moleculare prin vascozimetrie si GPC si s-au facut teste de stabilitate la prelucrare [27]. S-a stabilit ca deseurile din PVC studiate sufera o modificare partiala a structurii si o inrautatire a proprietatilor. Dupa restabilizare si readitivare ele pot fi reciclate prin reprelucrare. Exceptie face mantaua cablurilor electrice care, fiind in contact direct cu mediul, sufera o degradare avansata si pentru care descompunerea termica este varianta optima de revalorificare. Partenerii de colaborare de la INCERPLAST SA Bucuresti au folosit cu succes deseurile studiate pentru producerea de noi materiale pe baza de PVC. De asemenea, s-a evidentiat interactiunea dintre clorul rezultat la descompunerea termica a materialelor de PVC si catalizatorii obisnuiti, interactiune care conduce la formarea de compusi clorurati suplimentari; asadar produsele de piroliza trebuie sa fie declorurate inaintea folosirii ca surse de chimicale sau energie, pentru a preintampina producerea de compusi nocivi.

A fost studiata descompunerea termica si catalitica a ABS, component al deseurilor polimere ce ridica probleme de impact asupra mediului datorita prezentei in structura macromoleculara a azotului sub forma unitatilor CN [19, 24-26]. La descompunerea termica a ABS se formeaza amoniac si acid cianhidric in forma gazoasa, acestea fiind evidentiate dupa dizolvare in solutie apoasa prin titrimetrie si cu ajutorul unui electrod ion selectiv pentru gruparea CN-. Prin analiza cromatografica (GC-TCD, GC-FID, GC-AED, GC-MS) s-a stabilit ca se formeaza o cantitate importanta de nitrili alifatici si aromatici precum si compusi heterociclici ce contin azot in nucleu. Acesti compusi cu azot scad calitatea produselor de piroliza, care contin peste 50 % derivati aromatici cu valoare ridicata precum benzen, toluen, etilbenzen, stiren, (-metilstiren. Printr-o selectie riguroasa a conditiilor de descompunere termica si catalitica s-a reusit eliminarea din lichidele de piroliza a compusilor heterociclici si scaderea considerabila a nitrililor aromatici, in timp ce nitrilii alifatici sint concentrati in fractia usoara C5 – C9 ce poate fi separata prin distilare. Produsele ramase au valoare ridicata ca sursa de hidrocarburi sau energie si impact minim asupra mediului. Studiile au fost efectuate in colaborare cu Universitatea Okayama, Japonia, in cadrul unui stagiu de specializare, partenerul japonez fiind interesat de posibilitatea valorificarii deseurilor de ABS prin descompunere termo-catalitica intr-o instalatie la scara pilot deja existenta.

A fost studiata descompunerea termica si catalitica a amestecurilor complexe de polimeri, cu compozitie similara deseurilor polimere urbane si s-a studiat efectul PVC asupra compozitiei produselor de piroliza, precum si efectul interactiilor intre componentii amestecului [28]. Prin analiza cromatografica (GC-FID, GC-AED, GC-MS) s-a stabilit ca lichidele de piroliza contin compusi proveniti in special din descompunerea independenta a componentilor amestecului de polimeri, dar si compusi formati in urma interactiunilor la descompunere intre diferiti polimeri. Lichidele de piroliza au o compozitie mult mai complexa fata de cele obtinute la descompunerea PE si PP, de aceea pot fi folosite drept combustibil pentru producerea de energie, dupa o declorurare prealabila. Studiile au fost efectuate in colaborare cu Facultatea de Chimie Industriala, Universitatea Tehnica “Gh. Asachi” Iasi. Partenerul a pus la dispozitie un catalizator zeolitic modificat cu acid ortofosforic care a dat rezultate foarte bune la descompunerea polimerilor.


B. Studiile recente in cadrul grupului de cercetare pentru polimeri cationici au fost axate pe sinteza [42-44], caracterizarea [45-48] si utilizarea unor noi policationi [49-55]. Utilizarea policationilor sintetizati in studiul interactiunilor specifice ale acestora cu compusi organici cu molecula mica (coloranti) [52-54] precum si la formarea de complecsi interpolielectrolitici [50-52] a vizat in principal elaborarea unor sisteme complexe, neconventionale de indepartare a impuritatilor din ape. Policationii utilizati in aceste studii au fost de tip integral, avind grupe de sare cuaternara de amoniu in catena macromoleculara, si au fost sintetizati prin polimerizarea condensativa a epiclorhidrinei cu dimetilamina si diferite amine polifunctionale (polietilenpoliamine sau diamine asimetrice) [42, 43]. Flexibilitatea catenei, masa moleculara, solubilitatea, densitatea de sarcina sunt factori care determina aplicatiile specifice ale polimerilor de acest tip in purificarea apelor de suprafata si uzate. In cadrul grupului de cercetare a fost studiata interactiunea policationilor sintetizati cu saruri cu masa moleculara mica, in solutii apoase, deoarece o buna cunoastere a acestor interactiuni este foarte importanta in stabilirea conditiilor optime de utilizarea a policationului pentru un anumit sistem.


In cercetarile din anul 2001 au fost luati in studiu policationi cu diferite densitati de sarcina si saruri neutre avand coionul comun si contraioni diferiti, mono-, di- si trivalenti [47]. Metodele de studiu utilizate au fost metoda vascozimetrica si conductometrica. Pentru toti contraionii vascozitatea redusa a scazut odata cu cresterea concentratiei de sare neutra. In cazul contraionilor monovalenti (Cl-, Br-, I-) valoarea vascozitatii reduse pentru aceeasi concentratie de contraioni a depins de raza ionului hidratat, fiind cu atat mai mica cu cat raza contraionului hidratat a fost mai mica, ceea ce inseamna ca gradul de legare a contraionului a fost cu atat mai mare. Contraionii polivalenti au fost legati preferential (SO42- si PO43-). Cand concentratia policationului este mai mare decat concentratia critica, C*, la care ghemurile macromoleculare incep sa se intrepatrunda, contraionii polivalenti pot interactiona cu poliionul atat intra- cat si intermacromolecular conducand la formarea de punti si la aparitia unei structurari a sistemului poliion-contraion.


Complecsii interpolielectrolitici, atat nestoechiometrici solubili sau coloidali, cat si cei steoechiometrici, insolubili, si-au gasit aplicatii diverse in medicina, farmacie, si in tratarea apelor uzate in scopul indepartarii “poluantilor refractari” [30-33]. In cercetarile noastre am urmarit mai intai formarea unor complecsi interpolielectrolitici intre policationi cu densitati de sarcina si grade de ramificare diferite, continand unitati de N,N-dimetil-2-hidroxipropilenamoniu in catena macromoleculara, cu polianioni cu grupe carboxilice (homo- si copolimeri ai acidului acrilic, sare de sodiu) [50,51] sau sulfonice (sarea de sodiu a acidului poli(2-acrilamido-2-metilpropansulfonic) (PAMPS) [52]. Formarea complecsilor s-a urmarit prin variatia vascozitatii si a conductivitatii mediului de reactie in functie de raportul molar intre grupele ionice ale poliionilor complementari. Abaterile de la stoechiometrie au fost determinate de diferentele mari intre unitatile structurale si intre masele moleculare. Proprietatile complexului au fost puternic influentate de natura si pozitia grupelor anionice ale polianionului. In cazul polianionilor carboxilici au rezultat numai complecsi insolubili, in timp ce polianionul PAMPS a condus la formarea unor complecsi de tip coacervat. De un interes practic deosebit vor fi in perspectiva complecsii coloidali nestoechiometrici.


Studiile privind interactiunea policationilor cu diferiti coloranti in solutii apoase diluate [53] si ulterior formarea complecsilor tricomponenti polication/colorant/polianion [54, 55] au esentiale implicatii practice, oferind solutii noi pentru indepartarea colorantilor din apele uzate rezultate din vopsitorii. Cele mai multe publicatii dedicate interactiunii polielectrolitilor cu colorantii se refera la interactiunea intre polianioni si colorantii cationici. S-au urmarit caracteristicile de legare a unor coloranti anionici de tip Ponceau (Crystal Ponceau 6R si Ponceau 4R) precum si a unor coloranti substantivi (ex. Direct Red 80) la policationi continand unitati de sare cuaternara de amoniu in catena macromoleculara. Mecanismul de legare si stoechiometria complecsilor a fost studiata prin spectroscopie UV-Vis si prin metoda vascozimetrica. Prin ambele metode a fost evidentiata influenta structurii atat a policationului cat si a colorantului asupra mecanismului de legare a colorantului la polication si a stabilitatii complexului polication/colorant. Interactiunile electrostatice intre polication si colorant au fost principala forta motrice a legarii, prezenta unor catene nepolare in structura policationului conducand la scaderea gradului de legare a colorantului [54]. Stabilitatea complecsilor polication/colorant a fost cu atat mai redusa cu cat gradul de ramificare al policationului a fost mai mare. Pentru aplicatii practice a fost retinut policationul cu cea mai mare densitate de sarcini si cu cel mai mic grad de ramificare.


Studiul unor complecsi tricomponenti prin interactiunea unor complecsi nestoechiometrici polication/colorant cu diferiti polianioni [55] a condus la urmatoarele concluzii: 

· complecsi stoechiometrici insolubili, usor de separat de faza apoasa, au fost obtinuti cu poli(acrilat de sodiu) si cu poli(stirensulfonat de sodiu);

· stabilitatea complexului tricomponent a fost mai mare atunci cand polianionul a avut o masa moleculara comparabila cu a policationului si a scazut cu cresterea gradului de ramificare a policationului.


Studiul comportarii termice si a proprietatilor floculante ale policationilor de tip integral sintetizati in cadrul grupului de lucru a fost efectuat in colaborare cu Institutul de Chimie din Chisinau [48, 49] ( conventie de colaborare 1999-2002).
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Obiective specifice:
( Studiul parametrilor de sinteza a poliuretanilor; cinetica  proceselor chimice de poliaditie corelata cu proprietaile poliuretanilor studiati.

· Studiul interactiilor inter- si intramoleculare din matricea  poliuretanilor, in functie de structura lantului amorf polieteric, poliesteric, polibutadienic, polibutadien-acrilonitrilic si de concentratia in uretan.

IMPORTANTA DOMENIULUI ABORDAT



Poliuretanii reprezinta una dintre cele mai complexe clase de polimeri deoarece in

lantul macromolecular pot fi introduse structuri organice - -CH2-; -C6H4-;  >NH; >C=O; 

-NH2; =N+=;-COO -; -OH, -S- , -CH=CH-, -C(C- etc.


Poliuretanii sunt polimeri liniari, ramificati sau reticulati a caror structura este formata din segmente amorfe sau slab cristalizate, cunoscute in literatura drept segmente “moi”, si grupari rigide formate din secvente uretanice, impreuna cu radicalul de care sunt legate.


In ultimul timp au inceput sa se dezvolte poliretanii cu structuri  reactive [1-3],  studiile fiind axate pe corelatia dintre structura si proprietati [4-8].

REZULTATE OBTINUTE


        S-au sintetizat trei serii de poliuretani pe baza de polibutadiendiol (PHB), poli (butadien-co-acrilonitril)diol (PHBN), poli(etilen adipat maleat fumarat)diol (PPAMF), glicerina si toluilendiizocianat (TDI), conform urmatoarelor reactii (1-3):


In scopul sintetizarii poliuretanilor din formulele 1-3 s-au utilizat diferite rapoarte OH : NCO, astfel incat sa se obtina un grad de reticulare chimica in domeniul 0 - 94% (tabelul 1), calculat din rapoartele molare ale componentilor.

Tabelul 1. Continutul in grupe NHCOO, raportul molar x:y si gradul de reticulare prin legare covalenta 

Proba

-Nh-coo-

moli / 1000g polimer
x : y
raport molar
Grad de reticulare 

%

1
1,72
1 : 0,00
0,00

2
1,84
0,94 : 0,06
6,00

3
1,97
0,71 : 0,29
29,00

4
2,08
0,49 : 0,51
51,00

5
2,36
0,04 : 0,96
96,00

Schema generala a unui polimer de acest tip este descrisa in figura 1.


Analize IR

Lungimile de unda corespunzatoare benzilor caracteristice seriilor de poliuretani sintetizate sunt redate in tabelul 2.

Tabelul 2. Spectrele IR ale poliuretanilor PMFU, PBU si PBHU

Lungimea de unda (cm-1)
Intensitatea relativa a


Vibratii principale b

pmfu
pbu
pbhu



3426
3440
3446
W, sh
ν(N-H); N-H liber

3330
3329
3334
S
ν(N-H); N-H legat

3032
3044
3048
W
ν(C-H) in inelul aromatic

2960
2962
2963
S
νa(CH2)

2924
2933
2930
S
νs(CH2)

2886
2880
2889
S, sh
νs(CH2)

-
-
2250
M
ν(C≡N)

1776
-
-
VS
ν(C=O) esteric cu N-H uretanic din acelasi grup uretanic

1720
-
-
VS
ν(C=O) esteric cu N-H uretanic din alt grup uretanic

-
1730
1738
VS
ν(C=O); C=O liber

-
1725
1726
VS
ν(C=O); C=O legat

1625
1620
1622
W
ν(C=C); simetric

1602
1604
1606
S
ν(C-C) in inelul aromatic

1582
1550
1552
VS
δ(N-H) si ν(C-N)

1462
1464
1464
W
δ(CH2)

1275
1240
1244
S
δ(N-H)  si  δ(C-N)

1122
1170
1176
M
ν(C-O-C) in segmentul tare

1118
-
-
M
ν(C-O-C) in segmentul moale

974
970
972
S
γ(CH=CH) in trans

822
818
820
W
γ(C-H) in inelul aromatic

W = slab,      M =  mediu , sh =umar,  S =puternic, VS = foarte puternic

Analizele de raze X

Analizele de raze X sunt redate in figurile 2a, 2b, 2c.
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(●)PPAFM-1.72; (○)PPAFM-1.84; (■)PPAFM –1.97; (□)PPAFM –2.08; (▲)PPAFM –2.32,

unde numarul reprezinta  moli uretan /1000 g polimer

Figura 2a. Spectrele de raze X ale poliuretanilor cu poli(etilen adipat fumarat maleat)diol


[image: image4.wmf]1

0

2

0

3

0

4

0

2

q

0

.

0

0

5

0

.

0

0

1

0

0

.

0

0

1

5

0

.

0

0

2

0

0

.

0

0



(●)PHB-1,72; (○)PHB-1,84; (■)PHB-1,97; (□) PHB-2.08; (▲)PHB-2,32,

unde numarul ce insoteste indicatia PHB reprezinta moli uretan /1000 g polimer

Figura 2b. Spectrele de raze X ale poliuretanilor cu polibutadiena continand grupe OH la capete  
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(●)PHBN-1; (○)PHBN -2; (■)HBN -3; (□)PHBN -4; (▲)PHBN –5,

unde numarul ce insoteste indicatia PHB reprezinta moli uretan /1000 g polimer

Figura 2c. Spectrele de raze X ale  poliuretanilor cu copolimer 

acrilonitril - polibutadiena cu grupe OH terminale 

Se observa ca toate probele prezinta un anume grad de cristalinitate, dependent de concentratia in grupari uretanice. Din analiza spectrelor de raze X s-a constatat ca exista doua tipuri de zone cristaline denumite "tip I" si "tip II [19] (structurile cristaline de tip II fiind mai ordonate decat cele de tip I) si a fost determinat indicele de cristalinitate (x , definit ca raportul dintre aria corespunzatoare domeniului cristalin si aria totala a graficului original [20].


Ariile suprafetelor au fost obtinute prin integrare in domeniul 2( = 5 - 35o. Indicii de cristalinitate ai poliuretanilor studiati, x (x , respectiv indicii de cristalinitate ai formelor cristaline de "tip I" ((XI) si "tip II"  ((XII), sunt prezentati in tabelul 3.  

Tabel 3. Indicii de cristalinitate ((x, (xI si (xII) determinati prin analize WAXS in domeniul de integrare 2( = 5 - 35oC

Proba
-NH-COO-

moli/1000g polimer
(Tam
(Tcr
(x (%)
(xI (%)
(xII (%)

PU-A1
1,72
11210
250
2,19
0,54
1,65


 -A2
1,84
11220
490
4,37
0,69
3,68


 -A3
1,97
11190
590
5,27
0,75
4,52


 -A4
2,08
12564
500
3,98
0,56
3,42


 -A5
2,36
13422
430
3,20
0,45
2,75

PU-B1
1,72
9559
306
3,10
0,60
2,50


 -B2
1,84
10855
298
2,67
0,92
1,75


 -B3
1,97
11163
740
6,63
1,38
5,25


 -B4
2,08
9735
397
3,92
0,61
3,31


 -B5
2,36
10383
307
2,87
0,55
2,32

PU-C1
1,72
12723
494
3,74
0,63
3,11


 -C2
1,84
16424
570
3,36
0,86
2,50


 -C3
1,97
12318
544
4,23
0,40
3,83


 -C4
2,08
8247
536
6,10
0,63
5,47


 -C5
2,36
12144
350
2,80
0,15
2,65

Tranzitia sticloasa

Valorile Tg sunt prezentate in tabelul 4 si figura 3.

Tabelul 4. Temperaturile de tranzitie sticloasa pentru PHB, PHBN si PPAFM

Moli NHCOO/1000 g polimer
Temperatura de tranzitie sticloasa (Tg), 0C


Phb
Phbn
Ppafm

1,72
-29
-33
-18

1,84
-22
-26
-13

1,96
-14
-12
-8

2,08
-6
-7
-5

2,36
-12
-11
 6

PHB si PHBN prezinta variatii similare ale Tg functie de concentratia grupelor uretanice. Tg creste proportional cu concentratia pana la 2,08 moli NHCOO /1000g polimer, dupa care descreste cu 5-60C la cate 0,28 moli NHCOO adaugati. 


Figura 3. Tg in functie de concentratia in grupe uretanice (pentru HB, HBN si PAFM) 
Este de mentionat ca, cel putin in domeniul de concentratie 1,72-2,08 moli NHCOO /1000g polimer, tranzitia sticloasa pentru PHB si PHBN este dependenta de concentratia NHCOO, fapt care nu concorda cu observatia ca Tg a fazei “moi” este aceeasi cu Tg a homopolimerului butadienic [18]. Aceasta poate fi o indicatie ca au loc fie procese de dizolvare a segmentului tare in segmentele moi, fie reactii secundare intre grupele uretanice si segmentul moale, sau interactii de tip p-:



PPAFM manifesta o variatie diferita a Tg comparativ cu PHB si PHBN; Tg creste continuu, valoarea maxima (220C)corespunzand concentratiei maxime. Fenomenul poate fi explicat prin formarea de legaturi puternice de hidrogen intre structurile esterice si grupele uretanice [22, 23], asa cum este redat mai jos:


[image: image6.wmf]:

C=O

..........

H

N

O

O

C=O



In consecinta, segregarea de faza nu este atat de evidenta la PPAFM comparativ cu PHB si PHBN. Pe de alta parte, scaderea Tg corespunzatoare unei concentratii de cca. 2,08 moli NHCOO/1000g polimer releva faptul ca grupele uretanice formeaza structuri microcristaline ordonate, bine definite, la o concentratie de 2-2,2 moli NHCOO/1000g polimer, independent de structura segmentului moale.

Modulul initial


Valorile modulului initial si dependenta de concentratie sunt redate in tabelul 5 si figura 4. PHB si PHBN prezinta o dependenta similara a modulului initial de concentratie.

Tabelul 5. Valorile modulului initial pentru PHB, PHBN si PPAFM in functie de concentratia in grupe uretanice

Moli NHCOO/1000 g polimer
Modulul initial, Mpa


Phb
Phbn
Ppafm

1,72
2,54
3,52
8,75

1,84
4,20
5,42
12,41

1,96
4,80
5,93
14,51

2,08
3,30
4,32
19,40

2,36
2,66
3,44
24,51

Dependenta de concentratie a modulului initial este diferita pentru PPAFM comparativ cu PHB si PHBN: modulul initial creste continuu, astfel incat valoarea maxima este atinsa pentru concentratia maxima in uretan. Valorile modulului initial pentru PHB si PHBN sunt apropiate si comparativ mai mici decat cele pentru PPAFM in domeniul experimental de concentratii, deoarece coeziunea intra- si intermoleculara conferita de grupele CH2 (0,68 Kcal/mol) si CH=CH (1,7 Kcal/mol) este mai redusa decat cea datorata grupelor COO (2,9 Kcal/mol). In plus, structura segmentului moale al PPAFM este partial reticulata prin legaturi de hidrogen, mai puternice decat legaturile p-π din PHB si PHBN 

[1, 14, 15, 23, 24].


Figura 4. Valorile modulului initial pentru PHB,  PHBN si PPAFM

Duritatea


Dependenta duritatii de concentratie pentru cei trei polimeri este redata in figura 5.


Figura 5. Variatia duritatii pentru PHB, PHBN si PPAFM functie de concentratia in uretan


In domeniul de concentratie 1,72-1,96 moli NHCOO /1000g polimer, duritatile celor trei polimeri sunt apropiate, in timp ce la concentratii mari tind sa se diferentieze pe masura cresterii concentratiei.

Concluzii


Proprietatile PHB si PHBN variaza diferit de cele ale PPAFM. Se poate observa din analizele de raze X ca toate probele de poliuretani prezinta un anumit grad de cristalinitate.

Valorile modulului initial, Tg, duritatii, pentru PHB si PHBN cresc pana la un maxim corespunzator unei concentratii in uretan de aproximativ 2 - 2,2 moli/1000g polimer, dupa care descresc fara a atinge insa valoarea initiala. Concentratiile de 2 – 2,2 moli/1000g polimer reprezinta un optim din punct de vedere al formarii microcristalelor de tip uretan-uretan si al segregarii de faza. 
Conform rezultatelor prezentate se poate concluziona ca segmentul moale din PHB si PHBN interactioneaza cu structurile uretanice, astfel incat la concentratii de 2 – 2,2 moli/1000g polimer apare o brusca segregare de faza acompaniata de modificarea proprietatilor. 
Segregarea de faza la PPAFM nu este evidenta, datorita formarii de legaturi de hidrogen intre  grupele esterice si uretanice, segmentul moale fiind mai puternic implicat in acest tip de reticulare comparativ cu PHB si PHBN.
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· Stabilirea unor relatii matematice care sa descrie cantitativ comportarea compusilor macromoleculari in functie de structura
· Investigarea comportarii termodinamice a oligomerilor si polimerilor cu mase moleculare ultrainalte in solutie diluata
IMPORTANTA DOMENIULUI ABORDAT

Obiectivele proiectului vizeaza aspecte ce converg spre cercetare fundamentala si aspecte privind sinteza si posibilitatile de interventie ale unor polimeri, copolimeri si amestecuri de polimeri cu diverse morfologii pentru aplicatii in domenii speciale. Astfel, aspectele ce insumeaza relatia proprietati – structura - aplicatii se refera la studii de polimeri hiper-ramificati sintetici si naturali, polimeri  reticulati, copolimeri segmentati poliuretanici/polidimetilsiloxanici, elastomeri cu diferite structuri, amestecuri polimere binare si multicomponente, trecând in revista si multiplele aplicatii ale polimerilor - in special in biotehnologie si medicina.

In ultimii ani, proprietatile polimerilor ramificati regulati (de tip stea, pieptene, dendrimeri) si ale polimerilor ramificati statistici (cu structuri ramificate si hiper-ramificate) prezinta un deosebit interes atat din punct de vedere experimental, cât si al ecuatiilor teoretice de baza. 

Macromoleculele de tip stea sau dendrimere au fost adesea considerate, datorita structurii lor perfect ordonate, drept modele ale polimerilor ramificati si hiper-ramificati. Sinteza acestora poate fi controlata atat in ce priveste numarul de brate, cat si numarul de unitati structurale ce alcatuiesc bratele (1 – 7(.  De asemenea, in literatura de specialitate exista tendinta de a folosi rezultatele obtinute din studiul proprietatilor macromoleculelor sintetice ramificate drept suport teoretic si experimental pentru investigarea macromoleculelor naturale hiper-ramificate de tipul polizaharidelor (8 – 10(.

Principalele diferente dintre moleculele ramificate si cele liniare se reflecta in toate proprietatile in solutie diluata, evidentiate in literatura de specialitate prin urmatoarele metode experimentale: cromatografia de permeatie pe gel (11, 12(, difuzia luminii statica (13, 14( si dinamica (15(, vascozimetria (14 - 18(, difuzia neutronilor la unghiuri mici (19(. Investigatiile experimentale din ultimii ani s-au axat pe urmarirea unor proprietati termodinamice ale polimerilor stea in conditii theta (20 - 22(, precum si in prezenta efectelor de volum exclus (23 – 26(.

Pe baza acestor consideratii au fost efectuate studii privind influenta ramificarii (hiper-ramificarii) asupra parametrilor de interactiune din sistem, comparativ cu proprietatile polimerilor liniari, pe baza unor studii experimentale (sinteza-proprietati) si teoretice (proprietati). Aceste obiective includ atat polimerii sintetici cât si cei naturali.

Poliuretanii sunt copolimeri continând multiblocuri formate din segmente aromatice hard si segmente de polieteri sau poliesteri soft. Structura lor chimica si separarea de faza intre blocurile hard si soft le confera proprietati deosebite (50 - 55(. Elastomerii siloxanici poseda importante proprietati fizice si chimice. Structura si diversitatea compozitionala a elastomerilor poliuretanici determina studierea proprietatilor si structurii supramoleculare a acestora. Studiile in diferite regimuri de concentratii, prin tehnici adecvate, evidentiaza structura si influenta componentelor soft si hard asupra proprietatilor impuse de anumite utilizari. 

Sistemele polimere multicomponente formate din polimeri diferiti sunt o solutie atractiva pentru obtinerea de materiale cu proprietati noi si combinate necesare in diverse aplicatii. Obtinerea lor necesita agenti de compatibilizare adecvati precum si modelarea interactiunilor interfazice in vederea modificarii morfologiei si controlului proprietatilor. In acest sens s-au sintetizat noi agenti de compatibilizare si s-au elaborat noi procedee pentru tratamentul fizic sau chimic al suprafetelor/interfetelor care sa asigure complexul de cerinte pentru adeziunea maxima la limita de separare a microfazelor. 

Cercetarile au vizat proprietati (in special in solutie) corelate cu structura polimerilor, conducand spre o abordare teoretica a fenomenelor si spre o incercare de a gasi utilizari corespunzatoare. Din acest motiv s-a efectuat un studiu al posibilelor aplicatii ale unor polimeri sintetici si naturali si a amestecurilor lor, in special in biotehnologie si medicina si protectia mediului ambiant.

Obiectivele propuse sunt considerate de prioritate pe plan mondial, atat din punct de vedere al cercetarii stiintifice fundamentale, cât si aplicative. Din acest motiv ele s-au desfasurat in colaborare cu Institutul de Chimie Macromoleculara, Universitatea din Freiburg-Germania, Institutul de Chimie Macromoleculara, Universitatea din Hamburg,-Germania, Universitatea din Mainz-Germania,  Scoala Politehnica Federala, Institutul de Tehnologie din Lausanne, Elvetia, Universitatea din Patras-Grecia, Universitatea Politehnica din Wroclow-Polonia. Aceste colaborari dau posibilitatea formarii si perfectionarii resurselor umane pentru cercetarea stiintifica de performanta si constituie un sprijin in procesul de integrare a institutului cu alte institute din strainatate.

REZULTATE OBTINUTE


Cercetarile efectuate au vizat studii conformationale ale unor polimeri cu morfologii speciale in solutie, fiind axate pe mai multe directii, dupa cum urmeaza:

- Interpretarea, pe baza teoriilor existente, a datelor experimentale obtinute pentru polimeri naturali hiper-ramificati in comparatie cu polimerii sintetici ramificati si liniari.

S-au efectuat studii de difuzia luminii statica si dinamica, vascozimetrie si cromatografie de permeatie pe gel (GPC) ale glicogenului in solutie diluata. Studiile au continuat cu comportarea acestor polimeri in regim semidiluat unde interactiunile intre particule influenteaza proprietatile sistemului. Drept rezultat, parametrii moleculari masurati sunt puternic afectati de aceste interactiuni. Este interesanta separarea tipurilor de interactiuni existente care, de la un prag al concentratiei, pot genera formarea agregatelor de particule. Pentru aceasta au fost efectuate studii de difuzie a luminii statica si dinamica si vascozimetrice, investigandu-se modulul osmotic redus, dependenta de concentratie a razelor de giratie, ca si dependenta de concentratie a masei moleculare. Rezultatele obtinute sunt comparate cu alte date anterioare pentru polimeri ramificati, ajungându-se la interpretari teoretice pe baza unor ecuatii stabilite. Studiile vor fi continuate prin largirea gamei de polimeri hiper-ramificati.

Studii anterioare prezinta sinteza unor noi elastomeri poliuretanici reticulati si segmentati, continând lanturi foarte flexibile. Analizele in solutie diluata, precum si dinamo-mecanice (DMA) si de calorimetrie diferentiala (DSC) au aratat ca poli(ester-siloxan)-uretanii reticulati sunt influentati de structura segmentelor soft si hard. Probele PUS cu 4,4’-difenilmetandiizocianat (MDI) si diglicerin maleat tetrol (DGMA) in segmentele hard manifesta o energie elastica stocata mai mare decât cea corespunzatoare probelor PUS cu 2,4-toluendiizocianat (TDI) si DGMA in segmentele hard. Prezenta DGMA in segmentele soft determina o crestere a modulului de stocare a rezistentei la intindere cauzata de cresterea interactiunilor interlant datorate legaturilor de hidrogen si reticularilor chimice ale diizocianatilor si DGMA, respectiv.

Prezenta poli(dietilen glicol adipat)diolului (PDEGA) si PDMS in segmentele soft determina o descrestere a modulului de stocare al rezistentei la intindere mult mai mica decât prezenta poli(etilen glicol adipat)diolului (PEGA) si PDMS. De asemenea, introducerea PBD in segmentele soft determina un modul de stocare al rezistentei la intindere mai mare, probabil datorita unor efecte secundare in PUS6. 

Pentru patru probe de PUS, curbele DSC in domeniul de temperatura 20 - 250(C nu manifesta endoterma corespunzatoare temperaturii de tranzitie la topire din cauza retelelor reticulate care impiedica procesele topirii. S-a elaborat un material documentar privind utilizarea acestor polimeri mai ales in medicina.

Studiile de compatibilitate polizaharida/polimeri sintetici s-au efectuat pe polizaharide cu diferite structuri si copolimeri maleici cu diferiti monomeri sau polizaharide/poli-N-isopropilacrilamida. S-au construit diagrame de faza in sisteme binare (faza solida) si ternare (amestec in solventi). In acest mod s-au stabilit rapoartele optime de compatibilitate.  Folosind microscopia optica si electronica, spectroscopia de fluorescenta, vascozimetria, potentiometria si analiza DSC s-au obtinut informatii asupra morfologiei sistemelor, comportarea reologica si proprietatile lor. Aceasta caracterizare detaliata este suportul pentru testele ulterioare privind aplicarea in eliberarea controlata a medicamentelor, degradabilitatea lor in mediu pentru produse asimilabile rapid in circuitele existente sau ca agenti de reglarea vascozitatii unor preparate.

S-a editat cartea “Handbook of Polymer Blends of Composites”, RAPPRA Technol. Ltd., in patru volume, care este in curs de tiparire. La elaborarea materialului au contribuit peste 60 autori dintre care 60% sunt cercetatori in Institutul “Petru Poni”.
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Alte rezultate

S-au sustinut trei referate de doctorat cu temetica din domeniu.

Concluzii

1. Programul prioritar Dezvoltari fundamentale si avansate in stiinta polimerilor cuprinde urmatoarele subprograme:

· Complecsi metalici cu liganzi macromoleculari

· Polimeri  fotosensibili

· Modificarea chimica a polimerilor naturali 

· Polimeri “verzi” 

· Impactul polimerilor asupra mediului si conservarea energiei 

· Polimeri cu proprietati mecanice superioare 

· Polimeri in stare solida si in solutie. Compatibilitate 

2. Cercetarile efectuate in anul 2001 au vizat sinteza de noi polimeri performanti, caracterizarea avansata pentru informatii fundamentale si aplicative, participarea la efortul general pentru protectia mediului cu ajutorul polimerilor, valorificarea deseurilor si utilizarea unor resurse energetice mai “curate”

3. In afara de aspectul stiintific, atentia cercetatorului a fost directionata spre valorificarea avansata a efortului de cercetare prin: 

· Publicarea in reviste de prestigiu

· Diseminarea rezultatelor prin conferinte, seminarii, comunicari sau postere la manifestari stiintifice

· Castigarea de competitii pentru finantare prin granturi si contracte, inclusiv externe

· Crearea de retele de lucru, vizind in special integrarea europeana

· Formarea si instruirea tinerilor prin doctorat, stagii in strainatate, participare la cursuri speciale

4. Rezultatele prezentate, obtinute in conditii minime de dotare si in lipsa finantarii la capitolul Programe prioritare, probeaza motivare, seriozitate, competenta, competitivitate.

5. Institutul de Chimie Macromoleculara “Petru Poni” considera oportuna continuarea programului prioritar – inclusiv prin introducerea de noi subprograme – dar subliniaza necesitatea unei finantari adecvate.
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Formare, instruire, conectare la comunitatea stiintifica internationala (crearea de retele de lucru)


3 teze sustinute si 6 referate


4 burse in SUA, Polonia, Cehoslovacia


5 stagii in cadrul schimburilor interacademice in Franta (2), Finlanda (1), Rusia (2)
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                                           9 cercetator stiintific principal II


  58 cercetatori               10 cercetator stiintific principal III


                                           7 cercetator stiintific 


                                         13 asistenti cercetare
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		0.431611865		0.5165274127

		0.462777651		0.5439499469

		0.4922964615		0.5692945173

		0.523875325		0.5941761546

		0.558153691		0.6201270103

		0.5919405598		0.6457926495

		0.6344505273		0.6721099317

		0.6835931953		0.7004020023

		0.7533889071		0.7567183811

		0.8438892141		0.8471030786

		0.9372388253		0.9407666646



pK0  ~ 2.75

pK0  ~ 2.50

R6, KOH, KCl 0 M

R6, KOH, KCl 0.1 M

aT

pKa

2.9245516285

2.6982784798

2.9377816942

2.7104535719

2.9693834762

2.737843399

3.013492746

2.7804223429

3.0755174303

2.8401577669

3.1874453306

2.9351644719

3.342548399

3.0962879493

3.665448084

3.4491915275

4.3959933864

4.3311750139

5.1021474739

5.0504624807

5.7648407929

5.7220842683



Sheet1

		MET				X=0.3906				KOH		KCl=0M		Ve=1.067				0.00363

		V,ml		alpha N		pH		alpha N		dpH		alpha T		pK		alpha H		(1-a)/a

		0		0		2.805		0		0		0.431611865		2.9245516285		0.431611865		1.3168964549

		0.1		0.0937207123		2.873		0.0937207123		0.068		0.462777651		2.9377816942		0.3690569387		1.1608649379

		0.2		0.1874414246		2.956		0.1874414246		0.083		0.4922964615		2.9693834762		0.3048550369		1.0312963393

		0.3		0.2811621368		3.055		0.2811621368		0.099		0.523875325		3.013492746		0.2427131882		0.9088511184

		0.4		0.3748828491		3.177		0.3748828491		0.122		0.558153691		3.0755174303		0.1832708419		0.7916212256

		0.5		0.4686035614		3.349		0.4686035614		0.168		0.5919405598		3.1874453306		0.1233369984		0.6893588106

		0.6		0.5623242737		3.582		0.5623242737		0.236		0.6344505273		3.342548399		0.0721262537		0.5761670247

		0.7		0.6560449859		4		0.6560449859		0.418		0.6835931953		3.665448084		0.0275482094		0.4628583299

		0.8		0.7497656982		4.881		0.7497656982		0.881		0.7533889071		4.3959933864		0.0036232089		0.3273357101

		0.9		0.8434864105		5.835		0.8434864105		0.954		0.8438892141		5.1021474739		0.0004028036		0.1849896684

		1		0.9372071228		6.939		0.9372071228		1.103		0.9372388253		5.7648407929		0.0000317025		0.0669639083

		1.1		1.0309278351		9.057		1.0309278351		2.119						0.0000002416

		1.2		1.1246485473		10.47		1.1246485473		1.413						0.0000000093

		1.3		1.2183692596		10.875		1.2183692596		0.405						0.0000000037

		1.4		1.3120899719		11.02		1.3120899719		0.145						0.0000000026

		1.5		1.4058106842		11.126		1.4058106842		0.106						0.0000000021

		1.6		1.4995313964		11.214		1.4995313964		0.088						0.0000000017

		1.7		1.5932521087		11.282		1.5932521087		0.068						0.0000000014

		1.8		1.686972821		11.34		1.686972821		0.058						0.0000000013

		1.9		1.7806935333		11.392		1.7806935333		0.052						0.0000000011

		2		1.8744142455		11.437		1.8744142455		0.045						0.000000001

		2.1		1.9681349578		11.479		1.9681349578		0.042						0.0000000009

		2.2		2.0618556701		11.515		2.0618556701		0.036						0.0000000008

		2.3		2.1555763824		11.548		2.1555763824		0.033						0.0000000008

		2.4		2.2492970947		11.578		2.2492970947		0.03						0.0000000007

		2.5		2.3430178069		11.606		2.3430178069		0.028						0.0000000007

		2.6		2.4367385192		11.634		2.4367385192		0.028						0.0000000006

		2.7		2.5304592315		11.658		2.5304592315		0.024						0.0000000006

		2.8		2.6241799438		11.682		2.6241799438		0.024						0.0000000006

		2.9		2.717900656		11.705		2.717900656		0.032						0.0000000005

		3		2.8116213683		11.724		2.8116213683		0.019						0.0000000005

		3.1		2.9053420806		11.742		2.9053420806		0.019						0.0000000005

		3.2		2.9990627929		11.764		2.9990627929		0.021						0.0000000005

		3.3		3.0927835052		11.782		3.0927835052		0.018						0.0000000005

		3.4		3.1865042174		11.798		3.1865042174		0.016						0.0000000004

		3.5		3.2802249297		11.814		3.2802249297		0.016						0.0000000004

		3.6		3.373945642		11.83		3.373945642		0.016						0.0000000004

		3.7		3.4676663543		11.844		3.4676663543		0.014						0.0000000004

		3.8		3.5613870665		11.857		3.5613870665		0.013						0.0000000004

		3.9		3.6551077788		11.87		3.6551077788		0.013						0.0000000004

		4		3.7488284911		11.884		3.7488284911		0.014						0.0000000004

		4.1		3.8425492034		11.896		3.8425492034		0.012						0.0000000004

		4.2		3.9362699157		11.907		3.9362699157		0.011						0.0000000003

		4.3		4.0299906279		11.919		4.0299906279		0.012						0.0000000003

		4.4		4.1237113402		11.929		4.1237113402		0.01						0.0000000003

		4.5		4.2174320525		11.94		4.2174320525		0.011						0.0000000003

		4.6		4.3111527648		11.951		4.3111527648		0.011						0.0000000003

		4.7		4.404873477		11.961		4.404873477		0.01						0.0000000003

		4.8		4.4985941893		11.97		4.4985941893		0.009						0.0000000003

		4.9		4.5923149016		11.98		4.5923149016		0.01						0.0000000003

		5		4.6860356139		11.989		4.6860356139		0.009						0.0000000003

		5.1		4.7797563261		11.998		4.7797563261		0.009						0.0000000003

		5.2		4.8734770384		12.006		4.8734770384		0.008						0.0000000003

		5.3		4.9671977507		12.015		4.9671977507		0.009						0.0000000003

		5.4		5.060918463		12.022		5.060918463		0.007						0.0000000003

		5.5		5.1546391753		12.03		5.1546391753		0.008						0.0000000003

		5.6		5.2483598875		12.038		5.2483598875		0.008						0.0000000003

		5.7		5.3420805998		12.046		5.3420805998		0.008						0.0000000002

		5.8		5.4358013121		12.053		5.4358013121		0.007						0.0000000002

		5.9		5.5295220244		12.06		5.5295220244		0.007						0.0000000002

		6		5.6232427366		12.067		5.6232427366		0.007						0.0000000002
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		0		0		0		0		0

		0.0100502513		0.0102986612		0.010373444		0.0103412616		0.0102774923

		0.0201005025		0.0205973223		0.020746888		0.0206825233		0.0205549846

		0.0301507538		0.0308959835		0.031120332		0.0310237849		0.0308324769

		0.1226130653		0.36869207		0.1244813278		0.1675284385		0.3103802672

		0.440201005		0.438722966		0.4232365145		0.4281282316		0.5364850976

		0.5025125628		0.5066941298		0.5684647303		0.5811789038		0.5981500514

		0.5407035176		0.5993820803		0.6099585062		0.6225439504		0.6310380267

		0.6412060302		0.6570545829		0.653526971		0.6618407446		0.690647482

		0.6834170854		0.6858908342		0.7199170124		0.6990692865		0.7214799589

		0.7015075377		0.7167868177		0.7365145228		0.7238883144		0.7358684481

		0.7195979899		0.7373841401		0.7510373444		0.7425025853		0.7523124358

		0.7376884422		0.7518022657		0.7676348548		0.7569803516		0.766700925

		0.7537688442		0.7723995881		0.7800829876		0.7714581179		0.7790339157

		0.767839196		0.7826982492		0.7925311203		0.7838676319		0.789311408

		0.7798994975		0.8115345005		0.8029045643		0.7942088935		0.7995889003

		0.7899497487		0.8218331617		0.8132780083		0.8045501551		0.8221993834

		0.8020100503		0.8341915551		0.8236514523		0.8252326784		0.8324768756

		0.8221105528		0.8444902163		0.8340248963		0.83557394		0.8612538541

		0.832160804		0.9248197734		0.8443983402		0.8624612203		0.8920863309

		0.9206030151		0.955715757		0.8734439834		0.8934850052		0.9290853032

		0.9547738693		0.9866117405		0.9024896266		0.9286452947		0.964028777

		0.9869346734		0.9969104016		0.9336099585		0.9638055843		0.9928057554

		0.9969849246		1.0072090628		0.9709543568		0.9927611169		1.0030832477

		1.0070351759		1.017507724		0.9958506224		1.0031023785		1.01336074

		1.0190954774		1.0278063852		1.0062240664		1.0134436401		1.0236382323

		1.0291457286		1.0484037075		1.0165975104		1.0237849018		1.0339157246

		1.0512562814		1.0772399588		1.0269709544		1.0465356774		1.0585817061

		1.0814070352		1.1204943357		1.0539419087		1.0796277146		1.0935251799

		1.1236180905		1.1802265705		1.0912863071		1.1230610134		1.1387461459

		1.1859296482		1.2646755922		1.143153527		1.1851085832		1.2045220966

		1.2683417085		1.3738414006		1.2157676349		1.2740434333		1.2970195272

		1.3889447236		1.5386199794		1.3236514523		1.3981385729		1.4326824255

		1.551758794		1.7548918641		1.4709543568		1.5718717684		1.6094552929

		1.7708542714		2.0267765191		1.6742738589		1.803516029		1.8499486125

		2.0582914573		2.3995880536		1.9419087137		2.0992761117		2.1623843782

		2.4100502513		2.8197734295		2.2946058091		2.4756980352		2.5344295992

		2.8522613065		3.3079299691		2.7053941909		2.9120992761		2.9845837616

		3.3266331658		3.8393408857		3.1763485477		3.4146845915		3.4840698869

		3.8673366834		4.4366632338		3.7136929461		3.9710444674		4.0411099692

		4.4522613065		5.0710607621		4.2966804979		4.5646328852		4.6372045221

		5.0753768844		5.7363542739		4.9273858921		5.2057911065		5.2764645427

		5.7266331658		6.1791967044		5.5954356846		5.880041365		5.9465570401

		6.0301507538				6.22406639		6.2047569804		6.1664953751



R6, KOH, salt 0 M

R6, KOH, salt 0.001 M

R6, KOH, salt 0.01 M

R6, KOH, sal 0.5 M

R6, KOH, salt 1 M
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		0.6834170854		0.6858908342		0.7199170124		0.7214799589

		0.7015075377		0.7167868177		0.7365145228		0.7358684481

		0.7195979899		0.7373841401		0.7510373444		0.7523124358

		0.7376884422		0.7518022657		0.7676348548		0.766700925

		0.7537688442		0.7723995881		0.7800829876		0.7790339157

		0.767839196		0.7826982492		0.7925311203		0.789311408

		0.7798994975		0.8115345005		0.8029045643		0.7995889003

		0.7899497487		0.8218331617		0.8132780083		0.8221993834

		0.8020100503		0.8341915551		0.8236514523		0.8324768756

		0.8221105528		0.8444902163		0.8340248963		0.8612538541

		0.832160804		0.9248197734		0.8443983402		0.8920863309

		0.9206030151		0.955715757		0.8734439834		0.9290853032

		0.9547738693		0.9866117405		0.9024896266		0.964028777

		0.9869346734		0.9969104016		0.9336099585		0.9928057554

		0.9969849246		1.0072090628		0.9709543568		1.0030832477

		1.0070351759		1.017507724		0.9958506224		1.01336074

		1.0190954774		1.0278063852		1.0062240664		1.0236382323

		1.0291457286		1.0484037075		1.0165975104		1.0339157246

		1.0512562814		1.0772399588		1.0269709544		1.0585817061

		1.0814070352		1.1204943357		1.0539419087		1.0935251799

		1.1236180905		1.1802265705		1.0912863071		1.1387461459

		1.1859296482		1.2646755922		1.143153527		1.2045220966

		1.2683417085		1.3738414006		1.2157676349		1.2970195272

		1.3889447236		1.5386199794		1.3236514523		1.4326824255

		1.551758794		1.7548918641		1.4709543568		1.6094552929
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Chart7

		0		0		0

		0.0100502513		0.0139664804		0.0107411386

		0.0201005025		0.0279329609		0.0214822771

		0.0301507538		0.0418994413		0.0322234157

		0.1226130653		0.1145251397		0.0773361976

		0.440201005		0.2094972067		0.2556390977

		0.5025125628		0.2318435754		0.4962406015

		0.5407035176		0.2569832402		0.5757250269

		0.6412060302		0.3184357542		0.6079484425

		0.6834170854		0.7318435754		0.6895810956

		0.7015075377		0.751396648		0.7218045113

		0.7195979899		0.7681564246		0.7368421053

		0.7376884422		0.782122905		0.7948442535

		0.7537688442		0.7960893855		0.8077336198

		0.767839196		0.8100558659		0.8184747583

		0.7798994975		0.8240223464		0.8292158969

		0.7899497487		0.8379888268		0.8421052632

		0.8020100503		0.8519553073		0.9301825994

		0.8221105528		0.8770949721		0.962406015

		0.832160804		0.8910614525		0.9860365199

		0.9206030151		0.905027933		0.9967776584

		0.9547738693		0.9413407821		1.007518797

		0.9869346734		0.9748603352		1.0182599356

		0.9969849246		0.9888268156		1.0290010741

		1.0070351759		1.0027932961		1.1106337272

		1.0190954774		1.0167597765		1.149301826

		1.0291457286		1.030726257		1.2158968851

		1.0512562814		1.0446927374		1.3082706767

		1.0814070352		1.1703910615		1.4522019334

		1.1236180905		1.2234636872		1.6498388829

		1.1859296482		1.5837988827		1.9011815252

		1.2683417085		1.7569832402		2.2298603652

		1.3889447236		2.094972067		2.6401718582

		1.551758794		2.4860335196		3.1063372718

		1.7708542714		2.9804469274		3.6433941998

		2.0582914573		3.6424581006		4.2277121375

		2.4100502513		4.312849162		4.8678839957

		2.8522613065		5.0865921788		5.5424274973

		3.3266331658		5.8966480447		6.2577873255

		3.8673366834		6.7709497207		6.4446831364

		4.4522613065		7.687150838

		5.0753768844		8.3798882682

		5.7266331658

		6.0301507538



R6, DET, KOH, salt 0M

R7, DET, KOH, salt 0M

R8, DET, KOH, salt 0 M
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Chart8

		0		0		0

		0.0100502513		0.0139664804		0.0107411386

		0.0201005025		0.0279329609		0.0214822771

		0.0301507538		0.0418994413		0.0322234157

		0.1226130653		0.1145251397		0.0773361976

		0.440201005		0.2094972067		0.2556390977

		0.5025125628		0.2318435754		0.4962406015

		0.5407035176		0.2569832402		0.5757250269

		0.6412060302		0.3184357542		0.6079484425

		0.6834170854		0.7318435754		0.6895810956

		0.7015075377		0.751396648		0.7218045113

		0.7195979899		0.7681564246		0.7368421053

		0.7376884422		0.782122905		0.7948442535

		0.7537688442		0.7960893855		0.8077336198

		0.767839196		0.8100558659		0.8184747583

		0.7798994975		0.8240223464		0.8292158969

		0.7899497487		0.8379888268		0.8421052632

		0.8020100503		0.8519553073		0.9301825994

		0.8221105528		0.8770949721		0.962406015

		0.832160804		0.8910614525		0.9860365199

		0.9206030151		0.905027933		0.9967776584

		0.9547738693		0.9413407821		1.007518797

		0.9869346734		0.9748603352		1.0182599356

		0.9969849246		0.9888268156		1.0290010741

		1.0070351759		1.0027932961		1.1106337272

		1.0190954774		1.0167597765		1.149301826

		1.0291457286		1.030726257		1.2158968851

		1.0512562814		1.0446927374		1.3082706767

		1.0814070352		1.1703910615		1.4522019334

		1.1236180905		1.2234636872		1.6498388829

		1.1859296482		1.5837988827		1.9011815252

		1.2683417085		1.7569832402		2.2298603652

		1.3889447236		2.094972067		2.6401718582

		1.551758794		2.4860335196		3.1063372718

		1.7708542714		2.9804469274		3.6433941998

		2.0582914573		3.6424581006		4.2277121375

		2.4100502513		4.312849162		4.8678839957

		2.8522613065		5.0865921788		5.5424274973

		3.3266331658		5.8966480447		6.2577873255

		3.8673366834		6.7709497207		6.4446831364

		4.4522613065		7.687150838

		5.0753768844		8.3798882682

		5.7266331658

		6.0301507538



R6, DET, KOH

R7, DET, KOH
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Sheet2

		DET				X=0.3906				KOH		KCl=0M		Ve1=0.783		Ve2=0.995

		V,ml		alpha N		pH		alpha N		dpH

		0		0		2.801		0		0

		0.01		0.0100502513		2.801		0.0100502513		5.7

		0.02		0.0201005025		2.802		0.0201005025		11.2

		0.03		0.0301507538		2.807		0.0301507538		16.9

		0.122		0.1226130653		2.861		0.1226130653		24.2

		0.438		0.440201005		3.209		0.440201005		33

		0.5		0.5025125628		3.32		0.5025125628		40

		0.538		0.5407035176		3.396		0.5407035176		46.3

		0.638		0.6412060302		3.659		0.6412060302		53.6

		0.68		0.6834170854		3.83		0.6834170854		59.6

		0.698		0.7015075377		3.927		0.7015075377		63.6

		0.716		0.7195979899		4.047		0.7195979899		66.5

		0.734		0.7376884422		4.198		0.7376884422		69.1

		0.75		0.7537688442		4.369		0.7537688442		71.6

		0.764		0.767839196		4.568		0.767839196		73.7

		0.776		0.7798994975		4.824		0.7798994975		75

		0.786		0.7899497487		5.062		0.7899497487		75.3

		0.798		0.8020100503		5.344		0.8020100503		74.2

		0.818		0.8221105528		5.703		0.8221105528		71.3

		0.828		0.832160804		5.735		0.832160804		69

		0.916		0.9206030151		6.806		0.9206030151		71.1

		0.95		0.9547738693		7.245		0.9547738693		74.8

		0.982		0.9869346734		7.871		0.9869346734		78.1

		0.992		0.9969849246		8.469		0.9969849246		79.6

		1.002		1.0070351759		9.031		1.0070351759		78.6

		1.014		1.0190954774		9.37		1.0190954774		77.5

		1.024		1.0291457286		9.6		1.0291457286		74.1

		1.046		1.0512562814		9.912		1.0512562814		71

		1.076		1.0814070352		10.165		1.0814070352		66

		1.118		1.1236180905		10.387		1.1236180905		59.4

		1.18		1.1859296482		10.611		1.1859296482		51.1

		1.262		1.2683417085		10.797		1.2683417085		41.4

		1.382		1.3889447236		10.984		1.3889447236		31.9

		1.544		1.551758794		11.152		1.551758794		23.6

		1.762		1.7708542714		11.304		1.7708542714		17.2

		2.048		2.0582914573		11.447		2.0582914573		12.4

		2.398		2.4100502513		11.56		2.4100502513		9.2

		2.838		2.8522613065		11.681		2.8522613065		7.2

		3.31		3.3266331658		11.774		3.3266331658		5.6

		3.848		3.8673366834		11.857		3.8673366834		4.4

		4.43		4.4522613065		11.929		4.4522613065		3.6

		5.05		5.0753768844		11.993		5.0753768844		3

		5.698		5.7266331658		12.046		5.7266331658		0

		6		6.0301507538		12.069		6.0301507538		0
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Sheet3

		MET				X=0.3906				KOH		KCl=0.1M		Ve1=0.799		V2=1.063		Cp=3.63E-3

		V,ml		alpha N		pH		alpha N		dpH		alpha T		pK		alpha H		(1-a)/a

		0		0		2.727		0		0		0.5165274127		2.6982784798		0.5165274127		0.9360056706

		0.1		0.0940733772		2.787		0.0940733772		0.06		0.5439499469		2.7104535719		0.4498765697		0.8384044446

		0.2		0.1881467545		2.859		0.1881467545		0.072		0.5692945173		2.737843399		0.3811477628		0.7565600399

		0.3		0.2822201317		2.946		0.2822201317		0.087		0.5941761546		2.7804223429		0.3119560229		0.6830025779

		0.4		0.3762935089		3.053		0.3762935089		0.107		0.6201270103		2.8401577669		0.2438335013		0.6125728818

		0.5		0.4703668862		3.196		0.4703668862		0.413		0.6457926495		2.9351644719		0.1754257633		0.5484846425

		0.6		0.5644402634		3.408		0.5644402634		0.212		0.6721099317		3.0962879493		0.1076696683		0.4878518422

		0.7		0.6585136406		3.818		0.6585136406		0.41		0.7004020023		3.4491915275		0.0418883617		0.4277514865

		0.8		0.7525870179		4.824		0.7525870179		1.006		0.7567183811		4.3311750139		0.0041313632		0.3214955855

		0.9		0.8466603951		5.794		0.8466603951		0.97		0.8471030786		5.0504624807		0.0004426835		0.1804938799

		1		0.9407337723		6.923		0.9407337723		1.129		0.9407666646		5.7220842683		0.0000328922		0.0629628341

		1.1		1.0348071496		9.078		1.0348071496		2.155

		1.2		1.1288805268		10.446		1.1288805268		1.368

		1.3		1.222953904		10.821		1.222953904		0.375

		1.4		1.3170272813		9.6		1.3170272813		0.147

		1.5		1.4111006585		11.072		1.4111006585		0.104

		1.6		1.5051740357		11.157		1.5051740357		0.085

		1.7		1.599247413		11.227		1.599247413		0.07

		1.8		1.6933207902		11.286		1.6933207902		0.059

		1.9		1.7873941675		11.337		1.7873941675		0.051

		2		1.8814675447		11.383		1.8814675447		0.036

		2.1		1.9755409219		11.423		1.9755409219		0.04

		2.2		2.0696142992		11.46		2.0696142992		0.037

		2.3		2.1636876764		11.494		2.1636876764		0.034

		2.4		2.2577610536		11.525		2.2577610536		0.031

		2.5		2.3518344309		11.554		2.3518344309		0.029

		2.6		2.4459078081		11.581		2.4459078081		0.027

		2.7		2.5399811853		11.606		2.5399811853		0.025

		2.8		2.6340545626		11.63		2.6340545626		0.024

		2.9		2.7281279398		11.652		2.7281279398		0.022

		3		2.822201317		11.673		2.822201317		0.21

		3.1		2.9162746943		11.693		2.9162746943		0.02

		3.2		3.0103480715		11.712		3.0103480715		0.019

		3.3		3.1044214487		11.73		3.1044214487		0.018

		3.4		3.198494826		11.747		3.198494826		0.017

		3.5		3.2925682032		11.765		3.2925682032		0.018

		3.6		3.3866415804		11.78		3.3866415804		0.015

		3.7		3.4807149577		11.796		3.4807149577		0.016

		3.8		3.5747883349		11.809		3.5747883349		0.013

		3.9		3.6688617121		11.823		3.6688617121		0.014

		4		3.7629350894		11.836		3.7629350894		0.013

		4.1		3.8570084666		11.849		3.8570084666		0.013

		4.2		3.9510818438		11.861		3.9510818438		0.012

		4.3		4.0451552211		11.873		4.0451552211		0.012

		4.4		4.1392285983		11.884		4.1392285983		0.011

		4.5		4.2333019755		11.896		4.2333019755		0.012

		4.6		4.3273753528		11.906		4.3273753528		0.01

		4.7		4.42144873		11.917		4.42144873		0.011

		4.8		4.5155221072		11.926		4.5155221072		0.009

		4.9		4.6095954845		11.936		4.6095954845		0.01

		5		4.7036688617		11.946		4.7036688617		0.01

		5.1		4.7977422389		11.954		4.7977422389		0.008

		5.2		4.8918156162		11.964		4.8918156162		0.01

		5.3		4.9858889934		11.972		4.9858889934		0.008

		5.4		5.0799623706		11.981		5.0799623706		0.009

		5.5		5.1740357479		11.989		5.1740357479		0.008

		5.6		5.2681091251		11.997		5.2681091251		0.008

		5.7		5.3621825024		12.005		5.3621825024		0.008

		5.8		5.4562558796		12.012		5.4562558796		0.007

		5.9		5.5503292568		12.02		5.5503292568		0.008

		6		5.6444026341		12.027		5.6444026341		0.007



&A

Page &P



Chart10

		0		0

		0.0821018062		0.0821018062

		0.1642036125		0.1642036125

		0.2463054187		0.2463054187

		0.328407225		0.328407225

		0.4105090312		0.4105090312

		0.4926108374		0.4926108374

		0.5747126437		0.5747126437

		0.6568144499		0.6568144499

		0.7389162562		0.7389162562

		0.8210180624		0.8210180624

		0.9031198686		0.9031198686

		0.9852216749		0.9852216749

		1.0673234811		1.0673234811

		1.1494252874		1.1494252874

		1.2315270936		1.2315270936

		1.3136288998		1.3136288998

		1.3957307061		1.3957307061

		1.4778325123		1.4778325123

		1.5599343186		1.5599343186

		1.6420361248		1.6420361248

		1.724137931		1.724137931

		1.8062397373		1.8062397373

		1.8883415435		1.8883415435

		1.9704433498		1.9704433498

		2.052545156		2.052545156

		2.1346469622		2.1346469622

		2.2167487685		2.2167487685

		2.2988505747		2.2988505747

		2.380952381		2.380952381

		2.4630541872		2.4630541872

		2.5451559934		2.5451559934

		2.6272577997		2.6272577997

		2.7093596059		2.7093596059

		2.7914614122		2.7914614122

		2.8735632184		2.8735632184

		2.9556650246		2.9556650246

		3.0377668309		3.0377668309

		3.1198686371		3.1198686371

		3.2019704433		3.2019704433

		3.2840722496		3.2840722496

		3.3661740558		3.3661740558

		3.4482758621		3.4482758621

		3.5303776683		3.5303776683

		3.6124794745		3.6124794745

		3.6945812808		3.6945812808

		3.776683087		3.776683087

		3.8587848933		3.8587848933

		3.9408866995		3.9408866995

		4.0229885057		4.0229885057

		4.105090312		4.105090312

		4.1871921182		4.1871921182

		4.2692939245		4.2692939245

		4.3513957307		4.3513957307

		4.4334975369		4.4334975369

		4.5155993432		4.5155993432

		4.5977011494		4.5977011494

		4.6798029557		4.6798029557

		4.7619047619		4.7619047619

		4.8440065681		4.8440065681

		4.9261083744		4.9261083744
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LiOH, MET, pH
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Sheet4

		MET				X=0.3906				LiOH		KCl=0		Ve=0.892		Ve2=1.218

		V,ml		alpha N		pH		alpha N		dpH

		0		0		2.813		0		0

		0.1		0.0821018062		2.834		0.0821018062		0.021

		0.2		0.1642036125		2.883		0.1642036125		0.049

		0.3		0.2463054187		2.95		0.2463054187		0.067

		0.4		0.328407225		3.039		0.328407225		0.089

		0.5		0.4105090312		3.155		0.4105090312		0.116

		0.6		0.4926108374		3.315		0.4926108374		0.16

		0.7		0.5747126437		3.564		0.5747126437		0.249

		0.8		0.6568144499		4.036		0.6568144499		0.472

		0.9		0.7389162562		5.094		0.7389162562		1.058

		1		0.8210180624		6.02		0.8210180624		0.926

		1.1		0.9031198686		6.856		0.9031198686		0.836

		1.2		0.9852216749		8.157		0.9852216749		1.301

		1.3		1.0673234811		9.964		1.0673234811		1.807

		1.4		1.1494252874		10.699		1.1494252874		0.735

		1.5		1.2315270936		10.923		1.2315270936		0.224

		1.6		1.3136288998		11.057		1.3136288998		0.134

		1.7		1.3957307061		11.159		1.3957307061		0.102

		1.8		1.4778325123		11.236		1.4778325123		0.077

		1.9		1.5599343186		11.3		1.5599343186		0.064

		2		1.6420361248		11.356		1.6420361248		0.056

		2.1		1.724137931		11.401		1.724137931		0.045

		2.2		1.8062397373		11.442		1.8062397373		0.041

		2.3		1.8883415435		11.477		1.8883415435		0.035

		2.4		1.9704433498		11.51		1.9704433498		0.033

		2.5		2.052545156		11.538		2.052545156		0.028

		2.6		2.1346469622		11.564		2.1346469622		0.026

		2.7		2.2167487685		11.589		2.2167487685		0.025

		2.8		2.2988505747		11.611		2.2988505747		0.022

		2.9		2.380952381		11.63		2.380952381		0.019

		3		2.4630541872		11.648		2.4630541872		0.018

		3.1		2.5451559934		11.666		2.5451559934		0.018

		3.2		2.6272577997		11.682		2.6272577997		0.016

		3.3		2.7093596059		11.696		2.7093596059		0.014

		3.4		2.7914614122		11.709		2.7914614122		0.013

		3.5		2.8735632184		11.723		2.8735632184		0.014

		3.6		2.9556650246		11.735		2.9556650246		0.012

		3.7		3.0377668309		11.746		3.0377668309		0.011

		3.8		3.1198686371		11.758		3.1198686371		0.012

		3.9		3.2019704433		11.768		3.2019704433		0.01

		4		3.2840722496		11.778		3.2840722496		0.01

		4.1		3.3661740558		11.786		3.3661740558		0.008

		4.2		3.4482758621		11.795		3.4482758621		0.009

		4.3		3.5303776683		11.802		3.5303776683		0.007

		4.4		3.6124794745		11.809		3.6124794745		0.007

		4.5		3.6945812808		11.816		3.6945812808		0.007

		4.6		3.776683087		11.823		3.776683087		0.007

		4.7		3.8587848933		11.83		3.8587848933		0.007

		4.8		3.9408866995		11.836		3.9408866995		0.006

		4.9		4.0229885057		11.841		4.0229885057		0.005

		5		4.105090312		11.847		4.105090312		0.006

		5.1		4.1871921182		11.852		4.1871921182		0.005

		5.2		4.2692939245		11.857		4.2692939245		0.005

		5.3		4.3513957307		11.861		4.3513957307		0.004

		5.4		4.4334975369		11.865		4.4334975369		0.004

		5.5		4.5155993432		11.869		4.5155993432		0.004

		5.6		4.5977011494		11.873		4.5977011494		0.004

		5.7		4.6798029557		11.878		4.6798029557		0.005

		5.8		4.7619047619		11.881		4.7619047619		0.003

		5.9		4.8440065681		11.884		4.8440065681		0.003

		6		4.9261083744		11.888		4.9261083744		0.004
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Chart2

		0		0		0		0

		0.0122699387		0.0100502513		0.0122699387		0.0100502513

		0.0245398773		0.0201005025		0.0245398773		0.0201005025

		0.036809816		0.0301507538		0.036809816		0.0301507538

		0.3042944785		0.1226130653		0.3042944785		0.1226130653

		0.363190184		0.440201005		0.363190184		0.440201005

		0.4564417178		0.5025125628		0.4564417178		0.5025125628

		0.5619631902		0.5407035176		0.5619631902		0.5407035176

		0.6208588957		0.6412060302		0.6208588957		0.6412060302

		0.6576687117		0.6834170854		0.6576687117		0.6834170854

		0.6920245399		0.7015075377		0.6920245399		0.7015075377

		0.7435582822		0.7195979899		0.7435582822		0.7195979899

		0.7607361963		0.7376884422		0.7607361963		0.7376884422

		0.7828220859		0.7537688442		0.7828220859		0.7537688442

		0.7975460123		0.767839196		0.7975460123		0.767839196

		0.8122699387		0.7798994975		0.8122699387		0.7798994975

		0.8245398773		0.7899497487		0.8245398773		0.7899497487

		0.836809816		0.8020100503		0.836809816		0.8020100503

		0.8490797546		0.8221105528		0.8490797546		0.8221105528

		0.8613496933		0.832160804		0.8613496933		0.832160804

		0.9374233129		0.9206030151		0.9374233129		0.9206030151

		0.9693251534		0.9547738693		0.9693251534		0.9547738693

		0.9938650307		0.9869346734		0.9938650307		0.9869346734

		1.0061349693		0.9969849246		1.0061349693		0.9969849246

		1.0220858896		1.0070351759		1.0220858896		1.0070351759

		1.0306748466		1.0190954774		1.0306748466		1.0190954774

		1.0650306748		1.0291457286		1.0650306748		1.0291457286

		1.109202454		1.0512562814		1.109202454		1.0512562814

		1.1754601227		1.0814070352		1.1754601227		1.0814070352

		1.2687116564		1.1236180905		1.2687116564		1.1236180905

		1.3963190184		1.1859296482		1.3963190184		1.1859296482

		1.5877300613		1.2683417085		1.5877300613		1.2683417085

		1.8527607362		1.3889447236		1.8527607362		1.3889447236

		2.2036809816		1.551758794		2.2036809816		1.551758794

		2.6625766871		1.7708542714		2.6625766871		1.7708542714

		3.2220858896		2.0582914573		3.2220858896		2.0582914573

		3.8625766871		2.4100502513		3.8625766871		2.4100502513

		4.5742331288		2.8522613065		4.5742331288		2.8522613065

		5.3766871166		3.3266331658		5.3766871166		3.3266331658

		6.2233128834		3.8673366834		6.2233128834		3.8673366834

		7.1067484663		4.4522613065		7.1067484663		4.4522613065

		7.3619631902		5.0753768844		7.3619631902		5.0753768844

				5.7266331658				5.7266331658

				6.0301507538				6.0301507538



ERC

R6, LiOH, DET, pH

R6, KOH, DET, pH

R6, LiOH, DET, ERC

R6, KOH, DET, ERC
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3
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Sheet5

		DET				X=0.3906				LiOH		KCl=0		Ve=0.976

		V,ml		alpha N		pH		alpha N		dpH

		0		0		2.834		0		0

		0.01		0.0102459016		2.834		0.0102459016		5.7

		0.02		0.0204918033		2.835		0.0204918033		12.5

		0.03		0.0307377049		2.84		0.0307377049		20.2

		0.122		0.125		2.93		0.125		26.3

		0.208		0.2131147541		3.02		0.2131147541		33.3

		0.414		0.4241803279		3.349		0.4241803279		38

		0.468		0.4795081967		3.485		0.4795081967		46.4

		0.496		0.5081967213		3.5		0.5081967213		56.9

		0.51		0.5225409836		3.624		0.5225409836		60.2

		0.52		0.5327868852		3.635		0.5327868852		59.6

		0.53		0.5430327869		3.713		0.5430327869		61.6

		0.54		0.5532786885		3.724		0.5532786885		68.4

		0.734		0.7520491803		6.399		0.7520491803		71.7

		0.744		0.762295082		6.598		0.762295082		71.6

		0.754		0.7725409836		6.627		0.7725409836		70.6

		0.764		0.7827868852		6.829		0.7827868852		70

		0.788		0.8073770492		6.86		0.8073770492		70.1

		0.97		0.993852459		9.988		0.993852459		70.4

		0.996		1.0204918033		10.287		1.0204918033		67.9

		1.006		1.0307377049		10.312		1.0307377049		65

		1.016		1.0409836066		10.412		1.0409836066		63.5

		1.054		1.0799180328		10.57		1.0799180328		57

		1.128		1.1557377049		10.772		1.1557377049		45.1

		1.232		1.262295082		10.955		1.262295082		35.2

		1.378		1.4118852459		11.13		1.4118852459		26.2

		1.574		1.612704918		11.287		1.612704918		18.7

		1.834		1.8790983607		11.419		1.8790983607		12.9

		2.18		2.2336065574		11.534		2.2336065574		9

		2.614		2.6782786885		11.643		2.6782786885		6.6

		3.104		3.1803278689		11.728		3.1803278689		4.8

		3.666		3.756147541		11.798		3.756147541		3.5

		4.284		4.3893442623		11.854		4.3893442623		2.6

		4.95		5.0717213115		11.895		5.0717213115		1.9

		5.662		5.8012295082		11.929		5.8012295082		0

		6		6.1475409836		11.941		6.1475409836		0
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Sheet6

		MET				X=0.3906				Ca(OH)2		KCl=0				Ve=1.281		Cp=0,726E-3

		V,ml		alpha N		pH		alpha N		dpH		alpha T		pK		alpha H		(1-a)/a		log

		0		0		3.372		0		0		0.5848754324		3.2231150569		0.5848754324		0.7097657801		-0.1488849431

		0.1		0.0780640125		3.417		0.0780640125		0.045		0.6053708215		3.2311677091		0.527306809		0.6518800784		-0.1858322909

		0.2		0.156128025		3.478		0.156128025		0.061		0.6143367761		3.2758017131		0.4582087511		0.6277716701		-0.2021982869

		0.3		0.2341920375		3.56		0.2341920375		0.082		0.6135623823		3.3592206711		0.3793703448		0.6298261251		-0.2007793289

		0.4		0.31225605		3.673		0.31225605		0.113		0.6047139648		3.4883614737		0.2924579149		0.6536743951		-0.1846385263

		0.5		0.3903200625		3.831		0.3903200625		0.158		0.5935854252		3.6664860454		0.2032653627		0.684677483		-0.1645139546

		0.6		0.4683840749		4.077		0.4683840749		0.246		0.583746235		3.9301340822		0.1153621601		0.7130731472		-0.1468659178

		0.7		0.5464480874		4.551		0.5464480874		0.474		0.5851795038		4.4015711003		0.0387314164		0.7088773504		-0.1494288997

		0.8		0.6245120999		5.05		0.6245120999		0.499		0.6367882836		4.8061647852		0.0122761837		0.5703806519		-0.2438352148

		0.9		0.7025761124		5.456		0.7025761124		0.406		0.7073962938		5.0726170426		0.0048201814		0.4136347742		-0.3833829574

		1		0.7806401249		5.869		0.7806401249		0.413		0.7825024838		5.312968577		0.0018623589		0.2779512151		-0.556031423

		1.1		0.8587041374		6.458		0.8587041374		0.589		0.8591839409		5.6725660351		0.0004798035		0.1638951247		-0.7854339649

		1.2		0.9367681499		7.246		0.9367681499		0.788		0.9368463241		6.0747302771		0.0000781742		0.0674109235		-1.1712697229

		1.3		1.0148321624		8.208		1.0148321624		0.962

		1.4		1.0928961749		9.119		1.0928961749		0.911

		1.5		1.1709601874		9.77		1.1709601874		0.651

		1.6		1.2490241998		10.223		1.2490241998		0.453

		1.7		1.3270882123		10.485		1.3270882123		0.262

		1.8		1.4051522248		10.633		1.4051522248		0.148

		1.9		1.4832162373		10.715		1.4832162373		0.082

		2		1.5612802498		10.774		1.5612802498		0.059

		2.1		1.6393442623		10.821		1.6393442623		0.047

		2.2		1.7174082748		10.863		1.7174082748		0.042

		2.3		1.7954722873		10.897		1.7954722873		0.034

		2.4		1.8735362998		10.935		1.8735362998		0.038

		2.5		1.9516003123		10.964		1.9516003123		0.029

		2.6		2.0296643247		10.992		2.0296643247		0.028

		2.7		2.1077283372		11.02		2.1077283372		0.028

		2.8		2.1857923497		11.043		2.1857923497		0.023

		2.9		2.2638563622		11.068		2.2638563622		0.025

		3		2.3419203747		11.09		2.3419203747		0.022

		3.1		2.4199843872		11.108		2.4199843872		0.018

		3.2		2.4980483997		11.129		2.4980483997		0.021

		3.3		2.5761124122		11.151		2.5761124122		0.022

		3.4		2.6541764247		11.167		2.6541764247		0.016

		3.5		2.7322404372		11.183		2.7322404372		0.016

		3.6		2.8103044496		11.201		2.8103044496		0.018

		3.7		2.8883684621		11.216		2.8883684621		0.015

		3.8		2.9664324746		11.23		2.9664324746		0.014

		3.9		3.0444964871		11.245		3.0444964871		0.015

		4		3.1225604996		11.259		3.1225604996		0.014

		4.1		3.2006245121		11.271		3.2006245121		0.012

		4.2		3.2786885246		11.284		3.2786885246		0.013

		4.3		3.3567525371		11.295		3.3567525371		0.011

		4.4		3.4348165496		11.307		3.4348165496		0.012

		4.5		3.5128805621		11.318		3.5128805621		0.011

		4.6		3.5909445746		11.33		3.5909445746		0.012

		4.7		3.669008587		11.338		3.669008587		0.008

		4.8		3.7470725995		11.35		3.7470725995		0.012

		4.9		3.825136612		11.361		3.825136612		0.011

		5		3.9032006245		11.37		3.9032006245		0.009

		5.1		3.981264637		11.377		3.981264637		0.007

		5.2		4.0593286495		11.387		4.0593286495		0.01

		5.3		4.137392662		11.395		4.137392662		0.008

		5.4		4.2154566745		11.404		4.2154566745		0.009

		5.5		4.293520687		11.411		4.293520687		0.007

		5.6		4.3715846995		11.42		4.3715846995		0.009

		5.7		4.4496487119		11.428		4.4496487119		0.008

		5.8		4.5277127244		11.436		4.5277127244		0.008

		5.9		4.6057767369		11.444		4.6057767369		0.008

		6		4.6838407494		11.451		4.6838407494		0.007
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Chart9

		0		0

		0.0084175084		0.0084175084

		0.0168350168		0.0168350168

		0.0252525253		0.0252525253

		0.1001683502		0.1001683502

		0.2718855219		0.2718855219

		0.42003367		0.42003367

		0.4326599327		0.4326599327

		0.4654882155		0.4654882155

		0.4806397306		0.4806397306

		0.5016835017		0.5016835017

		0.5395622896		0.5395622896

		0.5589225589		0.5589225589

		0.5951178451		0.5951178451

		0.6506734007		0.6506734007

		0.718013468		0.718013468

		0.7861952862		0.7861952862

		0.7946127946		0.7946127946

		0.803030303		0.803030303

		0.8114478114		0.8114478114

		0.8198653199		0.8198653199

		0.8552188552		0.8552188552

		0.8804713805		0.8804713805

		0.9318181818		0.9318181818

		1.0084175084		1.0084175084

		1.0538720539		1.0538720539

		1.138047138		1.138047138

		1.2601010101		1.2601010101

		1.3956228956		1.3956228956

		1.5580808081		1.5580808081

		1.7466329966		1.7466329966

		1.9696969697		1.9696969697

		2.2079124579		2.2079124579

		2.4604377104		2.4604377104

		2.5252525253		2.5252525253



ERC

R6, pH, Ca(OH)2

R6, ERC, Ca(OH)2

aN

pH

3.479

0

3.513

28.4

3.533

25

3.549

18.1

3.619

18.5

3.831

29.3

4.47

40.8

4.405

48.3

4.651

52.9

4.785

54.5

4.973

54.2

5.252

53.5

5.438

50.3

5.629

43.4

5.855

44.9

6.125

66.3

7.145

74.2

7.834

75.8

8.397

73.7

8.507

67.1

8.59

61

9.164

57.5

9.313

48.2

9.488

42.3

10.016

39

10.151

28.9

10.295

19.2

10.47

14.8

10.612

11.3

10.737

8.4

10.834

6.3

10.929

5.2

11.013

4.8

11.091

0

11.125



Sheet7

		DET				X=0.3906				Ca(OH)2		KCl=0		Ve=1.188

		V,ml		alpha N		pH		alpha N		dpH

		0		0		3.479		0		0

		0.01		0.0084175084		3.513		0.0084175084		28.4

		0.02		0.0168350168		3.533		0.0168350168		25

		0.03		0.0252525253		3.549		0.0252525253		18.1

		0.119		0.1001683502		3.619		0.1001683502		18.5

		0.323		0.2718855219		3.831		0.2718855219		29.3

		0.499		0.42003367		4.47		0.42003367		40.8

		0.514		0.4326599327		4.405		0.4326599327		48.3

		0.553		0.4654882155		4.651		0.4654882155		52.9

		0.571		0.4806397306		4.785		0.4806397306		54.5

		0.596		0.5016835017		4.973		0.5016835017		54.2

		0.641		0.5395622896		5.252		0.5395622896		53.5

		0.664		0.5589225589		5.438		0.5589225589		50.3

		0.707		0.5951178451		5.629		0.5951178451		43.4

		0.773		0.6506734007		5.855		0.6506734007		44.9

		0.853		0.718013468		6.125		0.718013468		66.3

		0.934		0.7861952862		7.145		0.7861952862		74.2

		0.944		0.7946127946		7.834		0.7946127946		75.8

		0.954		0.803030303		8.397		0.803030303		73.7

		0.964		0.8114478114		8.507		0.8114478114		67.1

		0.974		0.8198653199		8.59		0.8198653199		61

		1.016		0.8552188552		9.164		0.8552188552		57.5

		1.046		0.8804713805		9.313		0.8804713805		48.2

		1.107		0.9318181818		9.488		0.9318181818		42.3

		1.198		1.0084175084		10.016		1.0084175084		39

		1.252		1.0538720539		10.151		1.0538720539		28.9

		1.352		1.138047138		10.295		1.138047138		19.2

		1.497		1.2601010101		10.47		1.2601010101		14.8

		1.658		1.3956228956		10.612		1.3956228956		11.3

		1.851		1.5580808081		10.737		1.5580808081		8.4

		2.075		1.7466329966		10.834		1.7466329966		6.3

		2.34		1.9696969697		10.929		1.9696969697		5.2

		2.623		2.2079124579		11.013		2.2079124579		4.8

		2.923		2.4604377104		11.091		2.4604377104		0

		3		2.5252525253		11.125		2.5252525253
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Chart3

		0		0		0		0

		0.0084175084		0.0086580087		0.0084175084		0.0083056478

		0.0168350168		0.0173160173		0.0168350168		0.0166112957

		0.0252525253		0.025974026		0.0252525253		0.0249169435

		0.1001683502		0.1480519481		0.07996633		0.0523255814

		0.2718855219		0.2640692641		0.1271043771		0.1910299003

		0.42003367		0.4051948052		0.2777777778		0.3313953488

		0.4326599327		0.4233766234		0.4116161616		0.384551495

		0.4654882155		0.4606060606		0.4351851852		0.4028239203

		0.4806397306		0.4744588745		0.452020202		0.4426910299

		0.5016835017		0.5064935065		0.4705387205		0.4609634551

		0.5395622896		0.5238095238		0.5067340067		0.4750830565

		0.5589225589		0.5393939394		0.5420875421		0.5091362126

		0.5951178451		0.5645021645		0.5631313131		0.5332225914

		0.6506734007		0.5757575758		0.5909090909		0.5514950166

		0.718013468		0.6077922078		0.6035353535		0.5780730897

		0.7861952862		0.6658008658		0.6422558923		0.6212624585

		0.7946127946		0.7515151515		0.7011784512		0.6818936877

		0.803030303		0.7896103896		0.7668350168		0.7392026578

		0.8114478114		0.8034632035		0.7929292929		0.7475083056

		0.8198653199		0.8121212121		0.8013468013		0.7558139535

		0.8552188552		0.8207792208		0.8097643098		0.7641196013

		0.8804713805		0.8311688312		0.8181818182		0.773255814

		0.9318181818		0.8614718615		0.8484848485		0.799833887

		1.0084175084		0.9212121212		0.9065656566		0.8471760797

		1.0538720539		0.9471861472		0.9814814815		0.9053156146

		1.138047138		0.9991341991		1.0151515152		0.9784053156

		1.2601010101		1.0086580087		1.0244107744		1.0083056478

		1.3956228956		1.0199134199		1.0404040404		1.0174418605

		1.5580808081		1.0658008658		1.1085858586		1.0299003322

		1.7466329966		1.1835497835		1.2331649832		1.0872093023

		1.9696969697		1.2761904762		1.3872053872		1.200166113

		2.2079124579		1.4251082251		1.5606060606		1.3471760797

		2.4604377104		1.5818181818		1.7626262626		1.51910299

		2.5252525253		1.7878787879		1.9890572391		1.7176079734

				2		2.2306397306		1.9368770764

				2.2588744589		2.4890572391		2.176910299

				2.516017316		2.5252525253		2.4318936877

				2.5974025974				2.4916943522



R6, salt 0M

R6, salt 0.001 M

R6,salt  0.01 M

R6, salt 0.1 M

aN

pH

3.479

3.424

3.401

3.419

3.513

3.434

3.421

3.452

3.533

3.447

3.431

3.468

3.549

3.458

3.447

3.472

3.619

3.583

3.507

3.508

3.831

3.743

3.563

3.7

4.47

4.212

3.784

3.99

4.405

4.171

4.179

4.2

4.651

4.361

4.296

4.285

4.785

4.443

4.41

4.544

4.973

4.697

4.546

4.707

5.252

4.87

4.832

4.838

5.438

5.04

5.16

5.114

5.629

5.216

5.372

5.35

5.855

5.346

5.569

5.512

6.125

5.507

5.678

5.711

7.145

5.678

5.866

5.913

7.834

6.451

6.114

6.222

8.397

6.696

7.115

7.247

8.507

7.381

8

7.955

8.59

7.552

8.646

8.137

9.164

7.68

8.757

8.243

9.313

7.808

8.858

8.377

9.488

7.954

9.008

8.552

10.016

8.905

9.212

8.786

10.151

9.055

10.02

8.995

10.295

9.766

10.148

9.932

10.47

9.856

10.202

10.081

10.612

9.934

10.265

10.154

10.737

10.018

10.377

10.216

10.834

10.328

10.52

10.325

10.929

10.443

10.662

10.465

11.013

10.614

10.776

10.601

11.091

10.717

10.876

10.717

11.125

10.843

10.968

10.821

10.916

11.046

10.91

11.008

11.118

10.989

11.076

11.134

11.06

11.121

11.079



Chart4

		0		0		0		0

		0.0084175084		0.0086580087		0.0084175084		0.0083056478

		0.0168350168		0.0173160173		0.0168350168		0.0166112957

		0.0252525253		0.025974026		0.0252525253		0.0249169435

		0.1001683502		0.1480519481		0.07996633		0.0523255814

		0.2718855219		0.2640692641		0.1271043771		0.1910299003

		0.42003367		0.4051948052		0.2777777778		0.3313953488

		0.4326599327		0.4233766234		0.4116161616		0.384551495

		0.4654882155		0.4606060606		0.4351851852		0.4028239203

		0.4806397306		0.4744588745		0.452020202		0.4426910299

		0.5016835017		0.5064935065		0.4705387205		0.4609634551

		0.5395622896		0.5238095238		0.5067340067		0.4750830565

		0.5589225589		0.5393939394		0.5420875421		0.5091362126

		0.5951178451		0.5645021645		0.5631313131		0.5332225914

		0.6506734007		0.5757575758		0.5909090909		0.5514950166

		0.718013468		0.6077922078		0.6035353535		0.5780730897

		0.7861952862		0.6658008658		0.6422558923		0.6212624585

		0.7946127946		0.7515151515		0.7011784512		0.6818936877

		0.803030303		0.7896103896		0.7668350168		0.7392026578

		0.8114478114		0.8034632035		0.7929292929		0.7475083056

		0.8198653199		0.8121212121		0.8013468013		0.7558139535

		0.8552188552		0.8207792208		0.8097643098		0.7641196013

		0.8804713805		0.8311688312		0.8181818182		0.773255814

		0.9318181818		0.8614718615		0.8484848485		0.799833887

		1.0084175084		0.9212121212		0.9065656566		0.8471760797

		1.0538720539		0.9471861472		0.9814814815		0.9053156146

		1.138047138		0.9991341991		1.0151515152		0.9784053156

		1.2601010101		1.0086580087		1.0244107744		1.0083056478

		1.3956228956		1.0199134199		1.0404040404		1.0174418605

		1.5580808081		1.0658008658		1.1085858586		1.0299003322

		1.7466329966		1.1835497835		1.2331649832		1.0872093023

		1.9696969697		1.2761904762		1.3872053872		1.200166113

		2.2079124579		1.4251082251		1.5606060606		1.3471760797

		2.4604377104		1.5818181818		1.7626262626		1.51910299

		2.5252525253		1.7878787879		1.9890572391		1.7176079734

				2		2.2306397306		1.9368770764

				2.2588744589		2.4890572391		2.176910299

				2.516017316		2.5252525253		2.4318936877

				2.5974025974				2.4916943522



R6, salt 0 M

R6, salt 0.001 M

R6, salt 0.01 M

R6, salt 0.1 M

aN

ERC

0

0

0

0

28.4

15.2

19.1

25.2

25

16.9

19.3

18.8

18.1

15.5

17.2

13.7

18.5

17.7

15.4

15.7

29.3

24.3

17.5

21.6

40.8

30.5

26

30.3

48.3

37.4

37.2

38.6

52.9

45.1

45.6

45.7

54.5

51.2

50

51.6

54.2

55.7

52.4

54.5

53.5

57.5

54.7

55

50.3

57

55.8

55.3

43.4

56.1

54.8

55.2

44.9

52.4

52.6

52.7

66.3

45.7

48.6

47.6

74.2

47.1

48.2

49.4

75.8

61.5

60.8

67.3

73.7

69.8

70.9

73.7

67.1

71.2

74.1

74

61

68.3

73.3

69.9

57.5

62.8

67.4

62.8

48.2

58.6

54.5

57.7

42.3

58.1

46.9

48.7

39

58.8

48.4

44.9

28.9

58.9

49.1

51.1

19.2

58.6

44.7

53.2

14.8

54.1

39.4

50.3

11.3

42.3

30.4

45.6

8.4

28.8

19.1

35.4

6.3

21.1

12.9

21.3

5.2

15.9

9.9

13.5

4.8

11.5

7.6

10

0

8.6

5.9

7.7

6.4

4.8

6

5

4.4

4.9

4.7

0

4.2

0

0

0

0

0



Sheet8

		DET,				x=0.3906				Ca(OH)2		KCl=0.001M		V=1.155

		V, mL		alphaN		pH		alphaN		ERC

		0		0		3.424		0		0

		0.01		0.0086580087		3.434		0.0086580087		15.2

		0.02		0.0173160173		3.447		0.0173160173		16.9

		0.03		0.025974026		3.458		0.025974026		15.5

		0.171		0.1480519481		3.583		0.1480519481		17.7

		0.305		0.2640692641		3.743		0.2640692641		24.3

		0.468		0.4051948052		4.212		0.4051948052		30.5

		0.489		0.4233766234		4.171		0.4233766234		37.4

		0.532		0.4606060606		4.361		0.4606060606		45.1

		0.548		0.4744588745		4.443		0.4744588745		51.2

		0.585		0.5064935065		4.697		0.5064935065		55.7

		0.605		0.5238095238		4.87		0.5238095238		57.5

		0.623		0.5393939394		5.04		0.5393939394		57

		0.652		0.5645021645		5.216		0.5645021645		56.1

		0.665		0.5757575758		5.346		0.5757575758		52.4

		0.702		0.6077922078		5.507		0.6077922078		45.7

		0.769		0.6658008658		5.678		0.6658008658		47.1

		0.868		0.7515151515		6.451		0.7515151515		61.5

		0.912		0.7896103896		6.696		0.7896103896		69.8

		0.928		0.8034632035		7.381		0.8034632035		71.2

		0.938		0.8121212121		7.552		0.8121212121		68.3

		0.948		0.8207792208		7.68		0.8207792208		62.8

		0.96		0.8311688312		7.808		0.8311688312		58.6

		0.995		0.8614718615		7.954		0.8614718615		58.1

		1.064		0.9212121212		8.905		0.9212121212		58.8

		1.094		0.9471861472		9.055		0.9471861472		58.9

		1.154		0.9991341991		9.766		0.9991341991		58.6

		1.165		1.0086580087		9.856		1.0086580087		54.1

		1.178		1.0199134199		9.934		1.0199134199		42.3

		1.231		1.0658008658		10.018		1.0658008658		28.8

		1.367		1.1835497835		10.328		1.1835497835		21.1

		1.474		1.2761904762		10.443		1.2761904762		15.9

		1.646		1.4251082251		10.614		1.4251082251		11.5

		1.827		1.5818181818		10.717		1.5818181818		8.6

		2.065		1.7878787879		10.843		1.7878787879		6.4

		2.31		2		10.916		2		5

		2.609		2.2588744589		11.008		2.2588744589		4.7

		2.906		2.516017316		11.076		2.516017316		0

		3		2.5974025974		11.121		2.5974025974		0
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Sheet9

		DET,				x=0.3906				Ca(OH)2		KCl=0.01M		Ve=1.188

		V, mL		alpha N		pH		alpha N		ERC

		0		0		3.401		0		0

		0.01		0.0084175084		3.421		0.0084175084		19.1

		0.02		0.0168350168		3.431		0.0168350168		19.3

		0.03		0.0252525253		3.447		0.0252525253		17.2

		0.095		0.07996633		3.507		0.07996633		15.4

		0.151		0.1271043771		3.563		0.1271043771		17.5

		0.33		0.2777777778		3.784		0.2777777778		26

		0.489		0.4116161616		4.179		0.4116161616		37.2

		0.517		0.4351851852		4.296		0.4351851852		45.6

		0.537		0.452020202		4.41		0.452020202		50

		0.559		0.4705387205		4.546		0.4705387205		52.4

		0.602		0.5067340067		4.832		0.5067340067		54.7

		0.644		0.5420875421		5.16		0.5420875421		55.8

		0.669		0.5631313131		5.372		0.5631313131		54.8

		0.702		0.5909090909		5.569		0.5909090909		52.6

		0.717		0.6035353535		5.678		0.6035353535		48.6

		0.763		0.6422558923		5.866		0.6422558923		48.2

		0.833		0.7011784512		6.114		0.7011784512		60.8

		0.911		0.7668350168		7.115		0.7668350168		70.9

		0.942		0.7929292929		8		0.7929292929		74.1

		0.952		0.8013468013		8.646		0.8013468013		73.3

		0.962		0.8097643098		8.757		0.8097643098		67.4

		0.972		0.8181818182		8.858		0.8181818182		54.5

		1.008		0.8484848485		9.008		0.8484848485		46.9

		1.077		0.9065656566		9.212		0.9065656566		48.4

		1.166		0.9814814815		10.02		0.9814814815		49.1

		1.206		1.0151515152		10.148		1.0151515152		44.7

		1.217		1.0244107744		10.202		1.0244107744		39.4

		1.236		1.0404040404		10.265		1.0404040404		30.4

		1.317		1.1085858586		10.377		1.1085858586		19.1

		1.465		1.2331649832		10.52		1.2331649832		12.9

		1.648		1.3872053872		10.662		1.3872053872		9.9

		1.854		1.5606060606		10.776		1.5606060606		7.6

		2.094		1.7626262626		10.876		1.7626262626		5.9

		2.363		1.9890572391		10.968		1.9890572391		4.8

		2.65		2.2306397306		11.046		2.2306397306		4.4

		2.957		2.4890572391		11.118		2.4890572391		0

		3		2.5252525253		11.134		2.5252525253		0
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Sheet10

		DET,				x=0.3906				Ca(OH)2		KCl=0.1M		Ve=1.204

		V, mL		alphaN		pH		alphaN		ERC

		0		0		3.419		0		0

		0.01		0.0083056478		3.452		0.0083056478		25.2

		0.02		0.0166112957		3.468		0.0166112957		18.8

		0.03		0.0249169435		3.472		0.0249169435		13.7

		0.063		0.0523255814		3.508		0.0523255814		15.7

		0.23		0.1910299003		3.7		0.1910299003		21.6

		0.399		0.3313953488		3.99		0.3313953488		30.3

		0.463		0.384551495		4.2		0.384551495		38.6

		0.485		0.4028239203		4.285		0.4028239203		45.7

		0.533		0.4426910299		4.544		0.4426910299		51.6

		0.555		0.4609634551		4.707		0.4609634551		54.5

		0.572		0.4750830565		4.838		0.4750830565		55

		0.613		0.5091362126		5.114		0.5091362126		55.3

		0.642		0.5332225914		5.35		0.5332225914		55.2

		0.664		0.5514950166		5.512		0.5514950166		52.7

		0.696		0.5780730897		5.711		0.5780730897		47.6

		0.748		0.6212624585		5.913		0.6212624585		49.4

		0.821		0.6818936877		6.222		0.6818936877		67.3

		0.89		0.7392026578		7.247		0.7392026578		73.7

		0.9		0.7475083056		7.955		0.7475083056		74

		0.91		0.7558139535		8.137		0.7558139535		69.9

		0.92		0.7641196013		8.243		0.7641196013		62.8

		0.931		0.773255814		8.377		0.773255814		57.7

		0.963		0.799833887		8.552		0.799833887		48.7

		1.02		0.8471760797		8.786		0.8471760797		44.9

		1.09		0.9053156146		8.995		0.9053156146		51.1

		1.178		0.9784053156		9.932		0.9784053156		53.2

		1.214		1.0083056478		10.081		1.0083056478		50.3

		1.225		1.0174418605		10.154		1.0174418605		45.6

		1.24		1.0299003322		10.216		1.0299003322		35.4

		1.309		1.0872093023		10.325		1.0872093023		21.3

		1.445		1.200166113		10.465		1.200166113		13.5

		1.622		1.3471760797		10.601		1.3471760797		10

		1.829		1.51910299		10.717		1.51910299		7.7

		2.068		1.7176079734		10.821		1.7176079734		6

		2.332		1.9368770764		10.91		1.9368770764		4.9

		2.621		2.176910299		10.989		2.176910299		4.2

		2.928		2.4318936877		11.06		2.4318936877		0

		3		2.4916943522		11.079		2.4916943522		0
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Sheet11

		DET,				x=0.3906				KOH		KCl=0.001M		Ve1=0.786		Ve2=0.971

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.816		0		0

		0.01		0.0102986612		2.816		0.0102986612		8.2

		0.02		0.0205973223		2.82		0.0205973223		13.1

		0.03		0.0308959835		2.823		0.0308959835		19.2

		0.358		0.36869207		3.111		0.36869207		27.3

		0.426		0.438722966		3.202		0.438722966		34.5

		0.492		0.5066941298		3.311		0.5066941298		40.9

		0.582		0.5993820803		3.504		0.5993820803		47.8

		0.638		0.6570545829		3.674		0.6570545829		53.9

		0.666		0.6858908342		3.781		0.6858908342		59.1

		0.696		0.7167868177		3.932		0.7167868177		63.2

		0.716		0.7373841401		4.068		0.7373841401		66.8

		0.73		0.7518022657		4.18		0.7518022657		69.7

		0.75		0.7723995881		4.437		0.7723995881		72

		0.76		0.7826982492		4.568		0.7826982492		73.9

		0.788		0.8115345005		5.197		0.8115345005		74.9

		0.798		0.8218331617		5.439		0.8218331617		74.2

		0.81		0.8341915551		5.653		0.8341915551		71.5

		0.82		0.8444902163		5.69		0.8444902163		69.9

		0.898		0.9248197734		6.78		0.9248197734		71.8

		0.928		0.955715757		7.192		0.955715757		75.3

		0.958		0.9866117405		7.809		0.9866117405		78.3

		0.968		0.9969104016		8.47		0.9969104016		79.6

		0.978		1.0072090628		8.959		1.0072090628		78.7

		0.988		1.017507724		9.295		1.017507724		76.9

		0.998		1.0278063852		9.567		1.0278063852		74.9

		1.018		1.0484037075		9.876		1.0484037075		71.7

		1.046		1.0772399588		10.122		1.0772399588		66.8

		1.088		1.1204943357		10.363		1.1204943357		60.4

		1.146		1.1802265705		10.575		1.1802265705		52.6

		1.228		1.2646755922		10.79		1.2646755922		43.2

		1.334		1.3738414006		10.958		1.3738414006		33.3

		1.494		1.5386199794		11.133		1.5386199794		24.8

		1.704		1.7548918641		11.298		1.7548918641		18

		1.968		2.0267765191		11.422		2.0267765191		12.9

		2.33		2.3995880536		11.558		2.3995880536		9.7

		2.738		2.8197734295		11.669		2.8197734295		7.6

		3.212		3.3079299691		11.774		3.3079299691		5.9

		3.728		3.8393408857		11.855		3.8393408857		4.6

		4.308		4.4366632338		11.929		4.4366632338		3.7

		4.924		5.0710607621		11.993		5.0710607621		3.1

		5.57		5.7363542739		12.047		5.7363542739		0

		6		6.1791967044		12.08		6.1791967044		0
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Sheet12

		DET,				x=0.3906				KOH		KCl=0.01M		Ve1=0.746		Ve2=0.782		Ve3=0.964

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.772		0		0

		0.01		0.010373444		2.773		0.010373444		8.2

		0.02		0.020746888		2.775		0.020746888		13.8

		0.03		0.031120332		2.781		0.031120332		18.4

		0.12		0.1244813278		2.842		0.1244813278		23.4

		0.408		0.4232365145		3.11		0.4232365145		31.6

		0.548		0.5684647303		3.338		0.5684647303		40.1

		0.588		0.6099585062		3.428		0.6099585062		47.3

		0.63		0.653526971		3.538		0.653526971		55

		0.694		0.7199170124		3.815		0.7199170124		61.7

		0.71		0.7365145228		3.916		0.7365145228		66

		0.724		0.7510373444		4.027		0.7510373444		69

		0.74		0.7676348548		4.201		0.7676348548		71.9

		0.752		0.7800829876		4.366		0.7800829876		73.3

		0.764		0.7925311203		4.681		0.7925311203		74.3

		0.774		0.8029045643		4.702		0.8029045643		76.4

		0.784		0.8132780083		5.254		0.8132780083		77.1

		0.794		0.8236514523		5.481		0.8236514523		75.4

		0.804		0.8340248963		5.638		0.8340248963		73.5

		0.814		0.8443983402		5.797		0.8443983402		73.1

		0.842		0.8734439834		6.257		0.8734439834		72.5

		0.87		0.9024896266		6.645		0.9024896266		72

		0.9		0.9336099585		6.965		0.9336099585		74.1

		0.936		0.9709543568		7.673		0.9709543568		77.3

		0.96		0.9958506224		8.74		0.9958506224		79

		0.97		1.0062240664		9.375		1.0062240664		78.4

		0.98		1.0165975104		9.612		1.0165975104		75.8

		0.99		1.0269709544		9.792		1.0269709544		72.5

		1.016		1.0539419087		10.067		1.0539419087		68.7

		1.052		1.0912863071		10.317		1.0912863071		63.2

		1.102		1.143153527		10.543		1.143153527		55.7

		1.172		1.2157676349		10.735		1.2157676349		45.9

		1.276		1.3236514523		10.925		1.3236514523		35.6

		1.418		1.4709543568		11.096		1.4709543568		26.5

		1.614		1.6742738589		11.255		1.6742738589		19.1

		1.872		1.9419087137		11.391		1.9419087137		13.9

		2.212		2.2946058091		11.527		2.2946058091		10.5

		2.608		2.7053941909		11.646		2.7053941909		8

		3.062		3.1763485477		11.745		3.1763485477		6.2

		3.58		3.7136929461		11.835		3.7136929461		4.8

		4.142		4.2966804979		11.91		4.2966804979		3.9

		4.75		4.9273858921		11.974		4.9273858921		3.2

		5.394		5.5954356846		12.034		5.5954356846		0

		6		6.22406639		12.08		6.22406639		0
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Sheet13

		DET,				x=0.3906				KOH		KCl=0.05M		Ve1=0.769		Ve2=0.968

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.75		0		0

		0.01		0.0103305785		2.751		0.0103305785		7.5

		0.02		0.020661157		2.752		0.020661157		13.8

		0.03		0.0309917355		2.759		0.0309917355		18.7

		0.082		0.0847107438		2.795		0.0847107438		22.3

		0.336		0.347107438		2.995		0.347107438		30.5

		0.58		0.5991735537		3.358		0.5991735537		41.4

		0.62		0.6404958678		3.462		0.6404958678		49.6

		0.642		0.6632231405		3.528		0.6632231405		56.5

		0.696		0.7190082645		3.767		0.7190082645		62.3

		0.714		0.7376033058		3.888		0.7376033058		66.7

		0.728		0.7520661157		4.002		0.7520661157		69.8

		0.744		0.7685950413		4.202		0.7685950413		72.5

		0.754		0.7789256198		4.352		0.7789256198		74.8

		0.766		0.791322314		4.676		0.791322314		76

		0.776		0.8016528926		4.966		0.8016528926		76.1

		0.79		0.8161157025		5.332		0.8161157025		75.3

		0.802		0.8285123967		5.559		0.8285123967		74.1

		0.812		0.8388429752		5.735		0.8388429752		73.1

		0.838		0.8657024793		6.116		0.8657024793		71.9

		0.868		0.8966942149		6.461		0.8966942149		71.3

		0.902		0.9318181818		6.876		0.9318181818		73.3

		0.934		0.9648760331		7.354		0.9648760331		76.9

		0.962		0.9938016529		8.448		0.9938016529		79.3

		0.972		1.0041322314		9.168		1.0041322314		79.1

		0.982		1.0144628099		9.456		1.0144628099		76.7

		0.992		1.0247933884		9.664		1.0247933884		73.6

		1.016		1.0495867769		9.968		1.0495867769		70.1

		1.048		1.0826446281		10.214		1.0826446281		64.9

		1.094		1.1301652893		10.44		1.1301652893		57.7

		1.158		1.1962809917		10.643		1.1962809917		48.7

		1.25		1.291322314		10.832		1.291322314		38.7

		1.38		1.4256198347		11.011		1.4256198347		29.5

		1.558		1.6095041322		11.18		1.6095041322		21.8

		1.79		1.8491735537		11.327		1.8491735537		15.7

		2.094		2.1632231405		11.46		2.1632231405		11.5

		2.47		2.5516528926		11.582		2.5516528926		8.7

		2.908		3.0041322314		11.69		3.0041322314		6.7

		3.402		3.5144628099		11.783		3.5144628099		5.3

		3.948		4.0785123967		11.862		4.0785123967		4.2

		4.542		4.6921487603		11.932		4.6921487603		3.5

		5.17		5.3409090909		11.994		5.3409090909		3

		5.824		6.0165289256		12.048		6.0165289256		0

		6		6.1983471074		12.06		6.1983471074		0
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Sheet14

		DET,				x=0.3906				KOH		KCl=0.5M		Ve1=0.769		Ve2=0.967

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.748		0		0

		0.01		0.0103412616		2.748		0.0103412616		6.8

		0.02		0.0206825233		2.75		0.0206825233		12.5

		0.03		0.0310237849		2.755		0.0310237849		17.5

		0.162		0.1675284385		2.846		0.1675284385		23.1

		0.414		0.4281282316		3.078		0.4281282316		31.5

		0.562		0.5811789038		3.317		0.5811789038		40.7

		0.602		0.6225439504		3.408		0.6225439504		48.1

		0.64		0.6618407446		3.521		0.6618407446		54.3

		0.676		0.6990692865		3.664		0.6990692865		59.7

		0.7		0.7238883144		3.789		0.7238883144		64.2

		0.718		0.7425025853		3.922		0.7425025853		67.6

		0.732		0.7569803516		4.05		0.7569803516		70.4

		0.746		0.7714581179		4.223		0.7714581179		72.9

		0.758		0.7838676319		4.429		0.7838676319		74.9

		0.768		0.7942088935		4.692		0.7942088935		75.7

		0.778		0.8045501551		4.952		0.8045501551		75.3

		0.798		0.8252326784		5.355		0.8252326784		74.2

		0.808		0.83557394		5.526		0.83557394		72.9

		0.834		0.8624612203		5.888		0.8624612203		71.6

		0.864		0.8934850052		6.224		0.8934850052		71.1

		0.898		0.9286452947		6.617		0.9286452947		73.3

		0.932		0.9638055843		7.153		0.9638055843		77

		0.96		0.9927611169		8.239		0.9927611169		79.4

		0.97		1.0031023785		8.996		1.0031023785		79.4

		0.98		1.0134436401		9.343		1.0134436401		77.2

		0.99		1.0237849018		9.559		1.0237849018		74

		1.012		1.0465356774		9.843		1.0465356774		70.6

		1.044		1.0796277146		10.121		1.0796277146		66

		1.086		1.1230610134		10.351		1.1230610134		59.6

		1.146		1.1851085832		10.558		1.1851085832		50.8

		1.232		1.2740434333		10.752		1.2740434333		40.7

		1.352		1.3981385729		10.93		1.3981385729		31.1

		1.52		1.5718717684		11.097		1.5718717684		23

		1.744		1.803516029		11.252		1.803516029		16.7

		2.03		2.0992761117		11.385		2.0992761117		12.3

		2.394		2.4756980352		11.513		2.4756980352		9.2

		2.816		2.9120992761		11.621		2.9120992761		7.11

		3.302		3.4146845915		11.717		3.4146845915		5.9

		3.84		3.9710444674		11.804		3.9710444674		4.5

		4.414		4.5646328852		11.875		4.5646328852		3.6

		5.034		5.2057911065		11.937		5.2057911065		0.1

		5.686		5.880041365		11.993		5.880041365		0

		6		6.2047569804		12.017		6.2047569804		0
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Sheet15

		DET,				x=0.3906				KOH		KCl=1M		Ve1=0.77		Ve2=0.973

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.72		0		0

		0.01		0.0102774923		2.719		0.0102774923		9.9

		0.02		0.0205549846		2.723		0.0205549846		14.9

		0.03		0.0308324769		2.728		0.0308324769		19.4

		0.302		0.3103802672		2.927		0.3103802672		27

		0.522		0.5364850976		3.202		0.5364850976		36.5

		0.582		0.5981500514		3.325		0.5981500514		44.4

		0.614		0.6310380267		3.404		0.6310380267		51.4

		0.672		0.690647482		3.598		0.690647482		58.2

		0.702		0.7214799589		3.754		0.7214799589		63.4

		0.716		0.7358684481		3.847		0.7358684481		66.9

		0.732		0.7523124358		3.988		0.7523124358		69.6

		0.746		0.766700925		4.143		0.766700925		72.2

		0.758		0.7790339157		4.329		0.7790339157		74.3

		0.768		0.789311408		4.569		0.789311408		75.2

		0.778		0.7995889003		4.806		0.7995889003		74.9

		0.8		0.8221993834		5.249		0.8221993834		73.8

		0.81		0.8324768756		5.397		0.8324768756		72.4

		0.838		0.8612538541		5.776		0.8612538541		71.3

		0.868		0.8920863309		6.106		0.8920863309		71

		0.904		0.9290853032		6.515		0.9290853032		73.2

		0.938		0.964028777		7.055		0.964028777		76.8

		0.966		0.9928057554		8.1		0.9928057554		79.3

		0.976		1.0030832477		8.825		1.0030832477		79.4

		0.986		1.01336074		9.176		1.01336074		77.3

		0.996		1.0236382323		9.4		1.0236382323		74.9

		1.006		1.0339157246		9.596		1.0339157246		72.9

		1.03		1.0585817061		9.878		1.0585817061		69.7

		1.064		1.0935251799		10.147		1.0935251799		64.9

		1.108		1.1387461459		10.366		1.1387461459		58

		1.172		1.2045220966		10.574		1.2045220966		48.9

		1.262		1.2970195272		10.755		1.2970195272		38.9

		1.394		1.4326824255		10.943		1.4326824255		29.6

		1.566		1.6094552929		11.104		1.6094552929		21.9

		1.8		1.8499486125		11.252		1.8499486125		16

		2.104		2.1623843782		11.395		2.1623843782		11.9

		2.466		2.5344295992		11.513		2.5344295992		9

		2.904		2.9845837616		11.625		2.9845837616		6.9

		3.39		3.4840698869		11.719		3.4840698869		5.5

		3.932		4.0411099692		11.804		4.0411099692		4.4

		4.512		4.6372045221		11.875		4.6372045221		3.6

		5.134		5.2764645427		11.937		5.2764645427		3

		5.786		5.9465570401		11.993		5.9465570401		0

		6		6.1664953751		12.009		6.1664953751		0
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Sheet16

		DET,				x=0.3906				LiOH		KCloM		Ve=0,815

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.873		0		0

		0.01		0.0122699387		2.874		0.0122699387		6.1

		0.02		0.0245398773		2.875		0.0245398773		11

		0.03		0.036809816		2.878		0.036809816		19

		0.248		0.3042944785		3.102		0.3042944785		29.2

		0.296		0.363190184		3.17		0.363190184		36.1

		0.372		0.4564417178		3.303		0.4564417178		42.3

		0.458		0.5619631902		3.502		0.5619631902		48.8

		0.506		0.6208588957		3.651		0.6208588957		54

		0.536		0.6576687117		3.77		0.6576687117		58.2

		0.564		0.6920245399		3.894		0.6920245399		62.3

		0.606		0.7435582822		4.165		0.7435582822		66.1

		0.62		0.7607361963		4.273		0.7607361963		69.2

		0.638		0.7828220859		4.484		0.7828220859		70.1

		0.65		0.7975460123		4.65		0.7975460123		71.4

		0.662		0.8122699387		4.675		0.8122699387		74.1

		0.672		0.8245398773		5.09		0.8245398773		75

		0.682		0.836809816		5.119		0.836809816		74.9

		0.692		0.8490797546		5.495		0.8490797546		74.1

		0.702		0.8613496933		5.546		0.8613496933		73.6

		0.764		0.9374233129		6.651		0.9374233129		75.9

		0.79		0.9693251534		7.452		0.9693251534		78.9

		0.81		0.9938650307		8.514		0.9938650307		80.8

		0.82		1.0061349693		9.369		1.0061349693		80.2

		0.833		1.0220858896		9.757		1.0220858896		77.2

		0.84		1.0306748466		9.91		1.0306748466		72.9

		0.868		1.0650306748		10.211		1.0650306748		68.1

		0.904		1.109202454		10.439		1.109202454		62.2

		0.958		1.1754601227		10.656		1.1754601227		54

		1.034		1.2687116564		10.86		1.2687116564		44.1

		1.138		1.3963190184		11.028		1.3963190184		33.2

		1.294		1.5877300613		11.193		1.5877300613		23.8

		1.51		1.8527607362		11.343		1.8527607362		16.6

		1.796		2.2036809816		11.47		2.2036809816		11.4

		2.17		2.6625766871		11.581		2.6625766871		8

		2.626		3.2220858896		11.679		3.2220858896		5.8

		3.148		3.8625766871		11.761		3.8625766871		4.2

		3.728		4.5742331288		11.818		4.5742331288		3

		4.382		5.3766871166		11.867		5.3766871166		2.2

		5.072		6.2233128834		11.906		6.2233128834		1.7

		5.792		7.1067484663		11.934		7.1067484663		0

		6		7.3619631902		11.939		7.3619631902		0
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Chart1

		0		0

		0.0449438202		0.0980392157

		0.0898876404		0.1960784314

		0.1348314607		0.2941176471

		0.1797752809		0.3921568627

		0.2247191011		0.4901960784

		0.2696629213		0.5882352941

		0.3146067416		0.6862745098

		0.3595505618		0.7843137255

		0.404494382		0.8823529412

		0.4494382022		0.9803921569

		0.4943820225		1.0784313725

		0.5393258427		1.1764705882

		0.5842696629		1.2745098039

		0.6292134831		1.3725490196

		0.6741573034		1.4705882353

		0.7191011236		1.568627451

		0.7640449438		1.6666666667

		0.808988764		1.7647058824

		0.8539325843		1.862745098

		0.8988764045		1.9607843137

		0.9438202247		2.0588235294

		0.9887640449

		1.0337078652

		1.0786516854

		1.1235955056

		1.1685393258

		1.2134831461

		1.2584269663

		1.3033707865

		1.3483146067

		1.393258427

		1.4382022472

		1.4831460674

		1.5280898876

		1.5730337079

		1.6179775281

		1.6629213483

		1.7078651685

		1.7528089888

		1.797752809

		1.8426966292

		1.8876404494

		1.9325842697

		1.9775280899

		2.0224719101
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		0.0321027287
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		0.5778491172
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		0.7704654896
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		0.834670947

		0.8667736758
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		0.963081862
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		1.0914927769

		1.1235955056

		1.1556982343

		1.1878009631

		1.2199036918
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		1.2841091493
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		0.0321027287		0.0166389351

		0.0642054575		0.0332778702

		0.0963081862		0.0499168053

		0.1284109149		0.0665557404

		0.1605136437		0.2029950083
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		0.2889245586		0.9900166389

		0.3210272873		1.006655574

		0.3531300161		1.0249584027

		0.3852327448		1.0415973378

		0.4173354735		1.0831946755
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		0.6420545746

		0.6741573034

		0.7062600321

		0.7383627608

		0.7704654896

		0.8025682183

		0.834670947

		0.8667736758

		0.8988764045

		0.9309791332

		0.963081862

		0.9951845907

		1.0272873194

		1.0593900482

		1.0914927769

		1.1235955056

		1.1556982343

		1.1878009631

		1.2199036918

		1.2520064205

		1.2841091493

		1.316211878

		1.3483146067

		1.3804173355



ERC

Ca(OH)2, conductiviity

Ca(OH)2, ERC

aN

c, mS

13.6

0

12.2

1.5

10.55

3.5

9.15

5

8.1

6.5

7.31

21.2

6.83

27.1

6.55

65.9

6.44

75.3

6.44

77.7

6.49

77.1

6.6

74.2

6.74

67.3

6.94

52.5

7.25

38.5

7.63

29.5

8.05

22.9

8.58

9.1

9.58

10

10.3

10.54

10.64

10.77

10.7

10.67

10.55

10.55

10.8

11.3

12.05

13.2

14.55

16.2

18.1

20.1

22.16

24.37

26.5

28.7

30.9

33.2

35.32



Sheet1

		Cond		LiOH						KOH						Ca(OH)2						V1=

				V,mL		aplha N		c,uS		V,mL		alphaN		c,uS		V,mL		alphaN		c,uS

				0		0		58.5		0		0		59		0		0		13.6

		Li		0.02		0.0449438202		46.5		0.05		0.0980392157		40.01		0.02		0.0321027287		12.2

		V1=0.075		0.04		0.0898876404		34.65		0.1		0.1960784314		33.81		0.04		0.0642054575		10.55

		V2=0.225		0.06		0.1348314607		26.28		0.15		0.2941176471		38.68		0.06		0.0963081862		9.15

		V3=0.445		0.08		0.1797752809		24.05		0.2		0.3921568627		45.5		0.08		0.1284109149		8.1

				0.1		0.2247191011		25.36		0.25		0.4901960784		52		0.1		0.1605136437		7.31

		K		0.12		0.2696629213		27.9		0.3		0.5882352941		57.8		0.12		0.1926163724		6.83

		V1=0.08		0.14		0.3146067416		30.7		0.35		0.6862745098		62.7		0.14		0.2247191011		6.55

		V2=0.275		0.16		0.3595505618		33.6		0.4		0.7843137255		74		0.16		0.2568218299		6.44

		V3=0.51		0.18		0.404494382		36.27		0.45		0.8823529412		83.7		0.18		0.2889245586		6.44

				0.2		0.4494382022		38.9		0.5		0.9803921569		97.7		0.2		0.3210272873		6.49

		Ca		0.22		0.4943820225		41.35		0.55		1.0784313725		117.5		0.22		0.3531300161		6.6

		V1=0.14		0.24		0.5393258427		43.8		0.6		1.1764705882		138.5		0.24		0.3852327448		6.74

		V2=0.425		0.26		0.5842696629		46		0.65		1.2745098039		160.8		0.26		0.4173354735		6.94

		V3=0.623		0.28		0.6292134831		48.4		0.7		1.3725490196		184.5		0.28		0.4494382022		7.25

				0.3		0.6741573034		50.3		0.75		1.4705882353		209		0.3		0.481540931		7.63

				0.32		0.7191011236		52		0.8		1.568627451		234.9		0.32		0.5136436597		8.05

				0.34		0.7640449438		53.9		0.85		1.6666666667		261.6		0.34		0.5457463884		8.58

				0.36		0.808988764		57.3		0.9		1.7647058824		288.1		0.36		0.5778491172		9.1

				0.38		0.8539325843		61.8		0.95		1.862745098		315.7		0.38		0.6099518459		9.58

				0.4		0.8988764045		67.2		1		1.9607843137		343.5		0.4		0.6420545746		10

				0.42		0.9438202247		73.4		1.05		2.0588235294		371.5		0.42		0.6741573034		10.3

				0.44		0.9887640449		79.9		1.1		2.1568627451		399.7		0.44		0.7062600321		10.54

				0.46		1.0337078652		86.5		1.15		2.2549019608		427		0.46		0.7383627608		10.64

				0.48		1.0786516854		93.9		1.2		2.3529411765		455		0.48		0.7704654896		10.77

				0.5		1.1235955056		101.4		1.25		2.4509803922		484		0.5		0.8025682183		10.7

				0.52		1.1685393258		109.5		1.3		2.5490196078		512		0.52		0.834670947		10.67

				0.54		1.2134831461		117.5		1.35		2.6470588235		541		0.54		0.8667736758		10.55

				0.56		1.2584269663		126.1		1.4		2.7450980392		570		0.56		0.8988764045		10.55

				0.58		1.3033707865		135.1		1.45		2.8431372549		599		0.58		0.9309791332		10.8

				0.6		1.3483146067		143.7		1.5		2.9411764706		627		0.6		0.963081862		11.3

				0.62		1.393258427		153.1		1.55		3.0392156863		656		0.62		0.9951845907		12.05

				0.64		1.4382022472		162.7		1.6		3.137254902		684		0.64		1.0272873194		13.2

				0.66		1.4831460674		171.8		1.65		3.2352941176		713		0.66		1.0593900482		14.55

				0.68		1.5280898876		181.5		1.7		3.3333333333		741		0.68		1.0914927769		16.2

				0.7		1.5730337079		191.6		1.75		3.431372549		770		0.7		1.1235955056		18.1

				0.72		1.6179775281		201.6		1.8		3.5294117647		798		0.72		1.1556982343		20.1

				0.74		1.6629213483		211.1		1.85		3.6274509804		826		0.74		1.1878009631		22.16

				0.76		1.7078651685		221.2		1.9		3.7254901961		854		0.76		1.2199036918		24.37

				0.78		1.7528089888		231.1		1.95		3.8235294118		883		0.78		1.2520064205		26.5

				0.8		1.797752809		241.5		2		3.9215686275		911		0.8		1.2841091493		28.7

				0.82		1.8426966292		251.8								0.82		1.316211878		30.9

				0.84		1.8876404494		262.3								0.84		1.3483146067		33.2

				0.86		1.9325842697		272.2								0.86		1.3804173355		35.32

				0.88		1.9775280899		282.5								0.88		1.4125200642		37.5

				0.9		2.0224719101		293								0.9		1.4446227929		39.77

				0.92		2.0674157303		303.5								0.92		1.4767255217		42

				0.94		2.1123595506		314.1								0.94		1.5088282504		44

				0.96		2.1573033708		324.6								0.96		1.5409309791		46.1

				0.98		2.202247191		335.5								0.98		1.5730337079		48.3

				1		2.2471910112		345.6								1		1.6051364366		50.5

				1.02		2.2921348315		356.4

				1.04		2.3370786517		367.2

				1.06		2.3820224719		377.4

				1.08		2.4269662921		388.3

				1.1		2.4719101124		398.4

				1.12		2.5168539326		409.2

				1.14		2.5617977528		418

				1.16		2.606741573		429

				1.18		2.6516853933		440

				1.2		2.6966292135		451

				1.22		2.7415730337		461

				1.24		2.7865168539		472

				1.26		2.8314606742		482

				1.28		2.8764044944		493

				1.3		2.9213483146		503

				1.32		2.9662921348		514

				1.34		3.0112359551		524

				1.36		3.0561797753		535

				1.38		3.1011235955		545

				1.4		3.1460674157		555

				1.42		3.191011236		565

				1.44		3.2359550562		575

				1.46		3.2808988764		585

				1.48		3.3258426966		595

				1.5		3.3707865169		605
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Chart5

		0		0

		0.0278551532		0.0449438202

		0.0557103064		0.0898876404
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		1.0473537604		0.8539325843
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Sheet2

		LiOH				DET				KCI=0						V1=0.078		V3=0.359		Cp=3.5E-3

		V,mL		alpha N		pH		alpha N		ERC		alpha T		pK		alpha H		(1-a)/a

		0		0		3.913		0		0		0.0349085617		5.3546365072		0.0349085617		27.6462675847

		0.01		0.0278551532		3.914		0.0278551532		35.4		0.0626834275		5.0887335606		0.0348282743		14.9531799799

		0.02		0.0557103064		3.919		0.0557103064		57.3		0.0901399047		4.9230575235		0.0344295983		10.0938657334

		0.03		0.0835654596		4.02		0.0835654596		63.7		0.1108509621		4.9242350962		0.0272855025		8.0211215252

		0.04		0.1114206128		4.028		0.1114206128		66.5		0.1382080987		4.8228689159		0.0267874859		6.2354660054

		0.05		0.139275766		4.185		0.139275766		68.6		0.1579366389		4.9118618797		0.0186608729		5.3316530392

		0.06		0.1671309192		4.196		0.1671309192		70.4		0.185325077		4.8390501591		0.0181941577		4.395923835

		0.07		0.1949860724		4.427		0.1949860724		71.3		0.2056749464		5.013816868		0.010688874		3.8620408933

		0.08		0.2228412256		4.443		0.2228412256		71.8		0.2331434726		4.9600908578		0.0103022469		3.2892043641

		0.09		0.2506963788		4.7		0.2506963788		71.4		0.2563971283		5.1624279016		0.0057007495		2.9001996888

		0.1		0.278551532		4.719		0.278551532		70.3		0.2840082556		5.1205770504		0.0054567236		2.5210244075

		0.11		0.3064066852		4.885		0.3064066852		69.3		0.3101300189		5.2322234419		0.0037233337		2.2244540647

		0.136		0.3788300836		5.068		0.3788300836		66.6		0.3812731313		5.2782627748		0.0024430478		1.6227916889

		0.196		0.5459610028		5.354		0.5459610028		64.2		0.547225541		5.2717155611		0.0012645382		0.8274000848

		0.244		0.6796657382		5.737		0.6796657382		67.8		0.6801892566		5.4092632809		0.0005235184		0.4701790573

		0.296		0.8245125348		6.103		0.8245125348		75.5		0.8247379234		5.4303719882		0.0002253886		0.2125063873

		0.346		0.9637883008		7.233		0.9637883008		80.1		0.9638050091		5.8076592924		0.0000167083		0.0375542672

		0.356		0.991643454		8.183		0.991643454		82.2		0.9916453287		6.1085729955		0.0000018747		0.0084250599

		0.366		1.0194986072		9.016		1.0194986072		80.9

		0.376		1.0473537604		9.426		1.0473537604		77.8

		0.386		1.0752089136		9.662		1.0752089136		74.3

		0.408		1.1364902507		9.923		1.1364902507		70

		0.442		1.2311977716		10.174		1.2311977716		64.4

		0.49		1.364902507		10.401		1.364902507		58

		0.556		1.5487465181		10.637		1.5487465181		50.7

		0.64		1.782729805		10.83		1.782729805		42

		0.758		2.1114206128		11.023		2.1114206128		33

		0.914		2.5459610028		11.2		2.5459610028		24.7

		1.118		3.1142061281		11.345		3.1142061281		17.5

		1.4		3.8997214485		11.485		3.8997214485		12.3

		1.752		4.8802228412		11.6		4.8802228412		8.6

		2.188		6.0947075209		11.694		6.0947075209		6.1

		2.708		7.5431754875		11.783		7.5431754875		4.5

		3.272		9.1142061281		11.849		9.1142061281		3.3

		3.9		10.8635097493		11.901		10.8635097493		2.5

		4.578		12.7520891365		11.944		12.7520891365		1.9

		5.286		14.7242339833		11.979		14.7242339833		0

		6		16.713091922		12.003		16.713091922		0
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Sheet3

		LiOH				MET				KCI=0		V3=0,40

		V,mL		alpha N		pH		alpha N		dpH		alpha T		alpha H

		0		0		3.879		0		0

		0.1		0.25		4.918		0.25		1.039

		0.2		0.5		5.454		0.5		0.536

		0.3		0.75		6.167		0.75		0.713

		0.4		1		8.045		1		1.878

		0.5		1.25		9.883				1.838

		0.6		1.5		10.703				0.82

		0.7		1.75		10.987				0.284

		0.8		2		11.13				0.143

		0.9		2.25		11.227				0.097

		1		2.5		11.308				0.081

		1.1		2.75		11.373				0.065

		1.2		3		11.422				0.049

		1.3		3.25		11.47				0.048

		1.4		3.5		11.509				0.039

		1.5		3.75		11.548				0.039

		1.6		4		11.574				0.026

		1.7		4.25		11.602				0.028

		1.8		4.5		11.628				0.026

		1.9		4.75		11.648				0.02

		2		5		11.671				0.023

		2.1		5.25		11.689				0.018

		2.2		5.5		11.704				0.015

		2.3		5.75		11.724				0.02

		2.4		6		11.736				0.012

		2.5		6.25		11.75				0.014

		2.6		6.5		11.762				0.012

		2.7		6.75		11.776				0.014

		2.8		7		11.785				0.009

		2.9		7.25		11.797				0.012

		3		7.5		11.805				0.008

		3.1		7.75		11.812				0.007

		3.2		8		11.822				0.01

		3.3		8.25		11.831				0.009

		3.4		8.5		11.837				0.006

		3.5		8.75		11.846				0.009

		3.6		9		11.849				0.003

		3.7		9.25		11.857				0.008

		3.8		9.5		11.865				0.008

		3.9		9.75		11.868				0.003

		4		10		11.873				0.005

		4.1		10.25		11.879				0.006

		4.2		10.5		11.883				0.004

		4.3		10.75		11.885				0.002

		4.4		11		11.892				0.007

		4.5		11.25		11.896				0.004

		4.6		11.5		11.899				0.003

		4.7		11.75		11.902				0.003

		4.8		12		11.909				0.007

		4.9		12.25		11.909				0

		5		12.5		11.914				0.005

		5.1		12.75		11.917				0.003

		5.2		13		11.918				0.001

		5.3		13.25		11.922				0.004

		5.4		13.5		11.924				0.002

		5.5		13.75		11.927				0.003

		5.6		14		11.932				0.005

		5.7		14.25		11.929				-0.003

		5.8		14.5		11.933				0.004

		5.9		14.75		11.933				0

		6		15		11.935				0.002
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Sheet4

		KOH				DET				KCI=0		V1=0,103		V3=0.488		Cp=3,5E-3

		V,mL		alphaN		pH		alphaN		ERC		alpha T		pK		alpha H		(1-a)/a

		0		0		3.937		0		0		0.0330317783		5.4034802461		0.0330317783		29.2738771571

		0.01		0.0204918033		3.939		0.0204918033		8.2		0.0533718144		5.1878674643		0.0328800111		17.7364812571

		0.02		0.0409836066		3.938		0.0409836066		40.1		0.0739394139		5.0357633968		0.0329558074		12.5245865085

		0.03		0.0614754098		3.944		0.0614754098		61.3		0.0939790466		4.9281072069		0.0325036367		9.6406697711

		0.098		0.2008196721		4.78		0.2008196721		63.7		0.205561349		5.3671189062		0.0047416769		3.8647277556

		0.108		0.2213114754		4.806		0.2213114754		56.4		0.2257776115		5.3411848514		0.0044661361		3.4291371196

		0.118		0.2418032787		4.84		0.2418032787		49.8		0.2459331066		5.3265928781		0.0041298279		3.0661463347

		0.15		0.3073770492		4.861		0.3073770492		69.3		0.3113119334		5.2058267891		0.0039348842		2.2122122308

		0.44		0.9016393443		7.137		0.9016393443		76.8		0.9016601859		6.1746864897		0.0000208416		0.1090652727

		0.486		0.9959016393		9.486		0.9959016393		79		0.9959017327		7.1003837977		0.0000000933		0.0041151323

		0.496		1.0163934426		10.145		1.0163934426		77.2		1.0163934631				0.0000000205

		0.506		1.0368852459		10.172		1.0368852459		70.1		1.0368852651				0.0000000192

		0.516		1.0573770492		10.195		1.0573770492		51.2		1.0573770674				0.0000000182

		0.63		1.2909836066		10.666		1.2909836066		49.1		1.2909836127				0.0000000062

		0.704		1.4426229508		10.82		1.4426229508		40.6		1.4426229551				0.0000000043

		0.832		1.7049180328		10.995		1.7049180328		31.3		1.7049180357				0.0000000029

		1.01		2.0696721311		11.199		2.0696721311		25.2		2.069672133				0.0000000018

		1.212		2.4836065574		11.374		2.4836065574		19		2.4836065586				0.0000000012

		1.46		2.9918032787		11.494		2.9918032787		13.4		2.9918032796				0.0000000009

		1.816		3.7213114754		11.632		3.7213114754		9.6		3.7213114761				0.0000000007

		2.218		4.5450819672		11.731		4.5450819672		7.3		4.5450819677				0.0000000005

		2.712		5.5573770492		11.838		5.5573770492		5.8		5.5573770496				0.0000000004

		3.232		6.6229508197		11.919		6.6229508197		4.6		6.62295082				0.0000000003

		3.814		7.8155737705		11.996		7.8155737705		3.7		7.8155737708				0.0000000003

		4.424		9.0655737705		12.055		9.0655737705		3		9.0655737707				0.0000000003

		5.08		10.4098360656		12.113		10.4098360656		2.6		10.4098360658				0.0000000002

		5.75		11.7827868852		12.159		11.7827868852		2.2		11.7827868854				0.0000000002

		6.45		13.2172131148		12.201		13.2172131148		1.9		13.2172131149				0.0000000002

		7.164		14.6803278689		12.237		14.6803278689		1.6		14.680327869				0.0000000002

		7.896		16.1803278689		12.272		16.1803278689		1.3		16.180327869				0.0000000002

		8.632		17.6885245902		12.289		17.6885245902		1.2		17.6885245903				0.0000000001

		9.416		19.2950819672		12.317		19.2950819672		1.2		19.2950819674				0.0000000001

		10.176		20.8524590164		12.343		20.8524590164		1.2		20.8524590165				0.0000000001

		10.938		22.4139344262		12.369		22.4139344262		1.2		22.4139344264				0.0000000001

		11.7		23.9754098361		12.39		23.9754098361		0		23.9754098362				0.0000000001

		12		24.5901639344		12.407		24.5901639344		0		24.5901639345				0.0000000001
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Sheet5

		KOH		MET		KCI=0

		V,mL		pH		dpH

		0		3.912		0

		0.1		4.739		0.827

		0.2		5.154		0.415

		0.3		5.472		0.318

		0.4		6.144		0.672

		0.5		7.883		1.739

		0.6		9.828		1.945

		0.7		10.766		0.938

		0.8		11.017		0.251

		0.9		11.138		0.121

		1		11.233		0.095

		1.1		11.311		0.078

		1.2		11.375		0.064

		1.3		11.432		0.057

		1.4		11.481		0.049

		1.5		11.525		0.044

		1.6		11.563		0.038

		1.7		11.599		0.036

		1.8		11.632		0.033

		1.9		11.662		0.03

		2		11.689		0.027

		2.1		11.714		0.025

		2.2		11.738		0.024

		2.3		11.762		0.024

		2.4		11.782		0.02

		2.5		11.803		0.021

		2.6		11.821		0.018

		2.7		11.839		0.018

		2.8		11.855		0.016

		2.9		11.872		0.017

		3		11.887		0.015

		3.1		11.902		0.015

		3.2		11.915		0.013

		33		11.929		0.014

		3.4		11.942		0.013

		3.5		11.954		0.012

		3.6		11.966		0.012

		3.7		11.977		0.011

		3.8		11.988		0.011

		3.9		11.999		0.011

		4		12.009		0.01

		4.1		12.018		0.009

		4.2		12.028		0.01

		4.3		12.037		0.009

		4.4		12.045		0.008

		4.5		12.054		0.009

		4.6		12.063		0.009

		4.7		12.069		0.006

		4.8		12.079		0.01

		4.9		12.085		0.006

		5		12.093		0.008

		5.1		12.101		0.008

		5.2		12.107		0.006

		5.3		12.114		0.007

		5.4		12.121		0.007

		5.5		12.127		0.006

		5.6		12.134		0.007

		5.7		12.14		0.006

		5.8		12.146		0.006

		5.9		12.152		0.006

		6		12.158		0.006
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Chart4

		0		0

		0.0166389351		0.0166389351

		0.0332778702		0.0332778702

		0.0499168053		0.0499168053

		0.0665557404		0.0665557404

		0.2029950083		0.2029950083

		0.4542429285		0.4542429285

		0.6988352745		0.6988352745

		0.9717138103		0.9717138103

		0.9900166389		0.9900166389

		1.006655574		1.006655574

		1.0249584027		1.0249584027

		1.0415973378		1.0415973378

		1.0831946755		1.0831946755

		1.1680532446		1.1680532446

		1.2828618968		1.2828618968

		1.4525790349		1.4525790349

		1.6389351082		1.6389351082



ERC

Ca(OH)2, DET, pH

Ca(OH)2, DET, ERC

aN

pH

4.926

0

4.95

1.5

4.97

3.5

4.99

5

5.02

6.5

5.209

21.2

5.423

27.1

5.596

65.9

6.943

75.3

7.905

77.7

8.725

77.1

9.323

74.2

9.501

67.3

9.66

52.5

9.876

38.5

10.045

29.5

10.264

22.9

10.416

17.3



Sheet6

		Ca(OH)2				DET				KCI=0		V3=0.601

		V,mL		alpha N		pH		alpha N		ERC

		0		0		4.926		0		0

		0.01		0.0166389351		4.95		0.0166389351		1.5

		0.02		0.0332778702		4.97		0.0332778702		3.5

		0.03		0.0499168053		4.99		0.0499168053		5

		0.04		0.0665557404		5.02		0.0665557404		6.5

		0.122		0.2029950083		5.209		0.2029950083		21.2

		0.273		0.4542429285		5.423		0.4542429285		27.1

		0.42		0.6988352745		5.596		0.6988352745		65.9

		0.584		0.9717138103		6.943		0.9717138103		75.3

		0.595		0.9900166389		7.905		0.9900166389		77.7

		0.605		1.006655574		8.725		1.006655574		77.1

		0.616		1.0249584027		9.323		1.0249584027		74.2

		0.626		1.0415973378		9.501		1.0415973378		67.3

		0.651		1.0831946755		9.66		1.0831946755		52.5

		0.702		1.1680532446		9.876		1.1680532446		38.5

		0.771		1.2828618968		10.045		1.2828618968		29.5

		0.873		1.4525790349		10.264		1.4525790349		22.9

		0.985		1.6389351082		10.416		1.6389351082		17.3

		1.125		1.8718801997		10.568		1.8718801997		12.8

		1.314		2.1863560732		10.699		2.1863560732		9.5

		1.526		2.5391014975		10.81		2.5391014975		6.9

		1.772		2.9484193012		10.892		2.9484193012		5.5

		2.062		3.4309484193		10.991		3.4309484193		5

		2.35		3.9101497504		11.079		3.9101497504		4.8

		2.647		4.4043261231		11.176		4.4043261231		4

		2.939		4.8901830283		11.235		4.8901830283		3

		3.269		5.4392678869		11.281		5.4392678869		2.4

		3.623		6.0282861897		11.326		6.0282861897		2.9

		3.982		6.6256239601		11.381		6.6256239601		0

		4.001		6.6572379368		11.389		6.6572379368		0
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Sheet7

		Ca(OH)2		MET		KCI=0

		V,mL		pH		dpH

		0		4.926		0

		0.1		5.2		0.274

		0.2		5.391		0.191

		0.3		5.547		0.156

		0.4		5.71		0.163

		0.5		6.025		0.315

		0.6		6.696		0.671

		0.7		7.612		0.916

		0.8		8.595		0.983

		0.9		9.135		0.84

		1		10.03		0.595

		1.1		10.39		0.36

		1.2		10.598		0.208

		1.3		10.726		0.128

		1.401		10.816		0.09

		1.501		10.884		0.068

		1.601		10.938		0.054

		1.701		10.984		0.046

		1.801		11.023		0.039

		1.901		11.056		0.033

		2.001		11.084		0.028

		2.101		11.111		0.027

		2.201		11.135		0.024

		2.301		11.159		0.024

		2.401		11.18		0.021

		2.501		11.2		0.02

		2.601		11.22		0.02

		2.701		11.238		0.018

		2.801		11.255		0.017

		2.901		11.27		0.015

		3.001		11.285		0.015

		3.101		11.3		0.015

		3.201		11.313		0.013

		3.301		11.327		0.014

		3.401		11.339		0.012

		3.501		11.351		0.012

		3.601		11.363		0.012

		3.701		11.375		0.012

		3.801		11.386		0.011

		3.901		11.396		0.01

		4		11.406		0.01
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Chart1

		0.431611865		0.5165274127

		0.462777651		0.5439499469

		0.4922964615		0.5692945173

		0.523875325		0.5941761546

		0.558153691		0.6201270103

		0.5919405598		0.6457926495

		0.6344505273		0.6721099317

		0.6835931953		0.7004020023

		0.7533889071		0.7567183811

		0.8438892141		0.8471030786

		0.9372388253		0.9407666646



pK0  ~ 2.75

pK0  ~ 2.50

R6, KOH, KCl 0 M

R6, KOH, KCl 0.1 M

aT

pKa

2.9245516285

2.6982784798

2.9377816942

2.7104535719

2.9693834762

2.737843399

3.013492746

2.7804223429

3.0755174303

2.8401577669

3.1874453306

2.9351644719

3.342548399

3.0962879493

3.665448084

3.4491915275

4.3959933864

4.3311750139

5.1021474739

5.0504624807

5.7648407929

5.7220842683



Sheet1

		MET				X=0.3906				KOH		KCl=0M		Ve=1.067				0.00363

		V,ml		alpha N		pH		alpha N		dpH		alpha T		pK		alpha H		(1-a)/a

		0		0		2.805		0		0		0.431611865		2.9245516285		0.431611865		1.3168964549

		0.1		0.0937207123		2.873		0.0937207123		0.068		0.462777651		2.9377816942		0.3690569387		1.1608649379

		0.2		0.1874414246		2.956		0.1874414246		0.083		0.4922964615		2.9693834762		0.3048550369		1.0312963393

		0.3		0.2811621368		3.055		0.2811621368		0.099		0.523875325		3.013492746		0.2427131882		0.9088511184

		0.4		0.3748828491		3.177		0.3748828491		0.122		0.558153691		3.0755174303		0.1832708419		0.7916212256

		0.5		0.4686035614		3.349		0.4686035614		0.168		0.5919405598		3.1874453306		0.1233369984		0.6893588106

		0.6		0.5623242737		3.582		0.5623242737		0.236		0.6344505273		3.342548399		0.0721262537		0.5761670247

		0.7		0.6560449859		4		0.6560449859		0.418		0.6835931953		3.665448084		0.0275482094		0.4628583299

		0.8		0.7497656982		4.881		0.7497656982		0.881		0.7533889071		4.3959933864		0.0036232089		0.3273357101

		0.9		0.8434864105		5.835		0.8434864105		0.954		0.8438892141		5.1021474739		0.0004028036		0.1849896684

		1		0.9372071228		6.939		0.9372071228		1.103		0.9372388253		5.7648407929		0.0000317025		0.0669639083

		1.1		1.0309278351		9.057		1.0309278351		2.119						0.0000002416

		1.2		1.1246485473		10.47		1.1246485473		1.413						0.0000000093

		1.3		1.2183692596		10.875		1.2183692596		0.405						0.0000000037

		1.4		1.3120899719		11.02		1.3120899719		0.145						0.0000000026

		1.5		1.4058106842		11.126		1.4058106842		0.106						0.0000000021

		1.6		1.4995313964		11.214		1.4995313964		0.088						0.0000000017

		1.7		1.5932521087		11.282		1.5932521087		0.068						0.0000000014

		1.8		1.686972821		11.34		1.686972821		0.058						0.0000000013

		1.9		1.7806935333		11.392		1.7806935333		0.052						0.0000000011

		2		1.8744142455		11.437		1.8744142455		0.045						0.000000001

		2.1		1.9681349578		11.479		1.9681349578		0.042						0.0000000009

		2.2		2.0618556701		11.515		2.0618556701		0.036						0.0000000008

		2.3		2.1555763824		11.548		2.1555763824		0.033						0.0000000008

		2.4		2.2492970947		11.578		2.2492970947		0.03						0.0000000007

		2.5		2.3430178069		11.606		2.3430178069		0.028						0.0000000007

		2.6		2.4367385192		11.634		2.4367385192		0.028						0.0000000006

		2.7		2.5304592315		11.658		2.5304592315		0.024						0.0000000006

		2.8		2.6241799438		11.682		2.6241799438		0.024						0.0000000006

		2.9		2.717900656		11.705		2.717900656		0.032						0.0000000005

		3		2.8116213683		11.724		2.8116213683		0.019						0.0000000005

		3.1		2.9053420806		11.742		2.9053420806		0.019						0.0000000005

		3.2		2.9990627929		11.764		2.9990627929		0.021						0.0000000005

		3.3		3.0927835052		11.782		3.0927835052		0.018						0.0000000005

		3.4		3.1865042174		11.798		3.1865042174		0.016						0.0000000004

		3.5		3.2802249297		11.814		3.2802249297		0.016						0.0000000004

		3.6		3.373945642		11.83		3.373945642		0.016						0.0000000004

		3.7		3.4676663543		11.844		3.4676663543		0.014						0.0000000004

		3.8		3.5613870665		11.857		3.5613870665		0.013						0.0000000004

		3.9		3.6551077788		11.87		3.6551077788		0.013						0.0000000004

		4		3.7488284911		11.884		3.7488284911		0.014						0.0000000004

		4.1		3.8425492034		11.896		3.8425492034		0.012						0.0000000004

		4.2		3.9362699157		11.907		3.9362699157		0.011						0.0000000003

		4.3		4.0299906279		11.919		4.0299906279		0.012						0.0000000003

		4.4		4.1237113402		11.929		4.1237113402		0.01						0.0000000003

		4.5		4.2174320525		11.94		4.2174320525		0.011						0.0000000003

		4.6		4.3111527648		11.951		4.3111527648		0.011						0.0000000003

		4.7		4.404873477		11.961		4.404873477		0.01						0.0000000003

		4.8		4.4985941893		11.97		4.4985941893		0.009						0.0000000003

		4.9		4.5923149016		11.98		4.5923149016		0.01						0.0000000003

		5		4.6860356139		11.989		4.6860356139		0.009						0.0000000003

		5.1		4.7797563261		11.998		4.7797563261		0.009						0.0000000003

		5.2		4.8734770384		12.006		4.8734770384		0.008						0.0000000003

		5.3		4.9671977507		12.015		4.9671977507		0.009						0.0000000003

		5.4		5.060918463		12.022		5.060918463		0.007						0.0000000003

		5.5		5.1546391753		12.03		5.1546391753		0.008						0.0000000003

		5.6		5.2483598875		12.038		5.2483598875		0.008						0.0000000003

		5.7		5.3420805998		12.046		5.3420805998		0.008						0.0000000002

		5.8		5.4358013121		12.053		5.4358013121		0.007						0.0000000002

		5.9		5.5295220244		12.06		5.5295220244		0.007						0.0000000002

		6		5.6232427366		12.067		5.6232427366		0.007						0.0000000002
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Chart5

		0		0		0		0		0

		0.0100502513		0.0102986612		0.010373444		0.0103412616		0.0102774923

		0.0201005025		0.0205973223		0.020746888		0.0206825233		0.0205549846

		0.0301507538		0.0308959835		0.031120332		0.0310237849		0.0308324769

		0.1226130653		0.36869207		0.1244813278		0.1675284385		0.3103802672

		0.440201005		0.438722966		0.4232365145		0.4281282316		0.5364850976

		0.5025125628		0.5066941298		0.5684647303		0.5811789038		0.5981500514

		0.5407035176		0.5993820803		0.6099585062		0.6225439504		0.6310380267

		0.6412060302		0.6570545829		0.653526971		0.6618407446		0.690647482

		0.6834170854		0.6858908342		0.7199170124		0.6990692865		0.7214799589

		0.7015075377		0.7167868177		0.7365145228		0.7238883144		0.7358684481

		0.7195979899		0.7373841401		0.7510373444		0.7425025853		0.7523124358

		0.7376884422		0.7518022657		0.7676348548		0.7569803516		0.766700925

		0.7537688442		0.7723995881		0.7800829876		0.7714581179		0.7790339157

		0.767839196		0.7826982492		0.7925311203		0.7838676319		0.789311408

		0.7798994975		0.8115345005		0.8029045643		0.7942088935		0.7995889003

		0.7899497487		0.8218331617		0.8132780083		0.8045501551		0.8221993834

		0.8020100503		0.8341915551		0.8236514523		0.8252326784		0.8324768756

		0.8221105528		0.8444902163		0.8340248963		0.83557394		0.8612538541

		0.832160804		0.9248197734		0.8443983402		0.8624612203		0.8920863309

		0.9206030151		0.955715757		0.8734439834		0.8934850052		0.9290853032

		0.9547738693		0.9866117405		0.9024896266		0.9286452947		0.964028777

		0.9869346734		0.9969104016		0.9336099585		0.9638055843		0.9928057554

		0.9969849246		1.0072090628		0.9709543568		0.9927611169		1.0030832477

		1.0070351759		1.017507724		0.9958506224		1.0031023785		1.01336074

		1.0190954774		1.0278063852		1.0062240664		1.0134436401		1.0236382323

		1.0291457286		1.0484037075		1.0165975104		1.0237849018		1.0339157246

		1.0512562814		1.0772399588		1.0269709544		1.0465356774		1.0585817061

		1.0814070352		1.1204943357		1.0539419087		1.0796277146		1.0935251799

		1.1236180905		1.1802265705		1.0912863071		1.1230610134		1.1387461459

		1.1859296482		1.2646755922		1.143153527		1.1851085832		1.2045220966

		1.2683417085		1.3738414006		1.2157676349		1.2740434333		1.2970195272

		1.3889447236		1.5386199794		1.3236514523		1.3981385729		1.4326824255

		1.551758794		1.7548918641		1.4709543568		1.5718717684		1.6094552929

		1.7708542714		2.0267765191		1.6742738589		1.803516029		1.8499486125

		2.0582914573		2.3995880536		1.9419087137		2.0992761117		2.1623843782

		2.4100502513		2.8197734295		2.2946058091		2.4756980352		2.5344295992

		2.8522613065		3.3079299691		2.7053941909		2.9120992761		2.9845837616

		3.3266331658		3.8393408857		3.1763485477		3.4146845915		3.4840698869

		3.8673366834		4.4366632338		3.7136929461		3.9710444674		4.0411099692

		4.4522613065		5.0710607621		4.2966804979		4.5646328852		4.6372045221

		5.0753768844		5.7363542739		4.9273858921		5.2057911065		5.2764645427

		5.7266331658		6.1791967044		5.5954356846		5.880041365		5.9465570401

		6.0301507538				6.22406639		6.2047569804		6.1664953751



R6, KOH, salt 0 M

R6, KOH, salt 0.001 M

R6, KOH, salt 0.01 M

R6, KOH, sal 0.5 M

R6, KOH, salt 1 M

aN

pH

2.801

2.816

2.772

2.748

2.72

2.801

2.816

2.773

2.748

2.719

2.802

2.82

2.775

2.75

2.723

2.807

2.823

2.781

2.755

2.728

2.861

3.111

2.842

2.846

2.927

3.209

3.202

3.11

3.078

3.202

3.32

3.311

3.338

3.317

3.325

3.396

3.504

3.428

3.408

3.404

3.659

3.674

3.538

3.521

3.598

3.83

3.781

3.815

3.664

3.754

3.927

3.932

3.916

3.789

3.847

4.047

4.068

4.027

3.922

3.988

4.198

4.18

4.201

4.05

4.143

4.369

4.437

4.366

4.223

4.329

4.568

4.568

4.681

4.429

4.569

4.824

5.197

4.702

4.692

4.806

5.062

5.439

5.254

4.952

5.249

5.344

5.653

5.481

5.355

5.397

5.703

5.69

5.638

5.526

5.776

5.735

6.78

5.797

5.888

6.106

6.806

7.192

6.257

6.224

6.515

7.245

7.809

6.645

6.617

7.055

7.871

8.47

6.965

7.153

8.1

8.469

8.959

7.673

8.239

8.825

9.031

9.295

8.74

8.996

9.176

9.37

9.567

9.375

9.343

9.4

9.6

9.876

9.612

9.559

9.596

9.912

10.122

9.792

9.843

9.878

10.165

10.363

10.067

10.121

10.147

10.387

10.575

10.317

10.351

10.366

10.611

10.79

10.543

10.558

10.574

10.797

10.958

10.735

10.752

10.755

10.984

11.133

10.925

10.93

10.943

11.152

11.298

11.096

11.097

11.104

11.304

11.422

11.255

11.252

11.252

11.447

11.558

11.391

11.385

11.395

11.56

11.669

11.527

11.513

11.513

11.681

11.774

11.646

11.621

11.625

11.774

11.855

11.745

11.717

11.719

11.857

11.929

11.835

11.804

11.804

11.929

11.993

11.91

11.875

11.875

11.993

12.047

11.974

11.937

11.937

12.046

12.08

12.034

11.993

11.993

12.069

12.08

12.017

12.009



Chart6

		0		0		0		0

		0.0100502513		0.0102986612		0.010373444		0.0102774923

		0.0201005025		0.0205973223		0.020746888		0.0205549846

		0.0301507538		0.0308959835		0.031120332		0.0308324769

		0.1226130653		0.36869207		0.1244813278		0.3103802672

		0.440201005		0.438722966		0.4232365145		0.5364850976

		0.5025125628		0.5066941298		0.5684647303		0.5981500514

		0.5407035176		0.5993820803		0.6099585062		0.6310380267

		0.6412060302		0.6570545829		0.653526971		0.690647482

		0.6834170854		0.6858908342		0.7199170124		0.7214799589

		0.7015075377		0.7167868177		0.7365145228		0.7358684481

		0.7195979899		0.7373841401		0.7510373444		0.7523124358

		0.7376884422		0.7518022657		0.7676348548		0.766700925

		0.7537688442		0.7723995881		0.7800829876		0.7790339157

		0.767839196		0.7826982492		0.7925311203		0.789311408

		0.7798994975		0.8115345005		0.8029045643		0.7995889003

		0.7899497487		0.8218331617		0.8132780083		0.8221993834

		0.8020100503		0.8341915551		0.8236514523		0.8324768756

		0.8221105528		0.8444902163		0.8340248963		0.8612538541

		0.832160804		0.9248197734		0.8443983402		0.8920863309

		0.9206030151		0.955715757		0.8734439834		0.9290853032

		0.9547738693		0.9866117405		0.9024896266		0.964028777

		0.9869346734		0.9969104016		0.9336099585		0.9928057554

		0.9969849246		1.0072090628		0.9709543568		1.0030832477

		1.0070351759		1.017507724		0.9958506224		1.01336074

		1.0190954774		1.0278063852		1.0062240664		1.0236382323

		1.0291457286		1.0484037075		1.0165975104		1.0339157246

		1.0512562814		1.0772399588		1.0269709544		1.0585817061

		1.0814070352		1.1204943357		1.0539419087		1.0935251799

		1.1236180905		1.1802265705		1.0912863071		1.1387461459

		1.1859296482		1.2646755922		1.143153527		1.2045220966

		1.2683417085		1.3738414006		1.2157676349		1.2970195272

		1.3889447236		1.5386199794		1.3236514523		1.4326824255

		1.551758794		1.7548918641		1.4709543568		1.6094552929

		1.7708542714		2.0267765191		1.6742738589		1.8499486125

		2.0582914573		2.3995880536		1.9419087137		2.1623843782

		2.4100502513		2.8197734295		2.2946058091		2.5344295992

		2.8522613065		3.3079299691		2.7053941909		2.9845837616

		3.3266331658		3.8393408857		3.1763485477		3.4840698869

		3.8673366834		4.4366632338		3.7136929461		4.0411099692

		4.4522613065		5.0710607621		4.2966804979		4.6372045221

		5.0753768844		5.7363542739		4.9273858921		5.2764645427

		5.7266331658		6.1791967044		5.5954356846		5.9465570401

		6.0301507538				6.22406639		6.1664953751



R6, KOH, salt 0 M

R6, KOH, salt 0.001 M

R6, KOH, salt 0.01 M

R6, KOH, salt 1 M
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Chart7

		0		0		0

		0.0100502513		0.0139664804		0.0107411386

		0.0201005025		0.0279329609		0.0214822771

		0.0301507538		0.0418994413		0.0322234157

		0.1226130653		0.1145251397		0.0773361976

		0.440201005		0.2094972067		0.2556390977

		0.5025125628		0.2318435754		0.4962406015

		0.5407035176		0.2569832402		0.5757250269

		0.6412060302		0.3184357542		0.6079484425

		0.6834170854		0.7318435754		0.6895810956

		0.7015075377		0.751396648		0.7218045113

		0.7195979899		0.7681564246		0.7368421053

		0.7376884422		0.782122905		0.7948442535

		0.7537688442		0.7960893855		0.8077336198

		0.767839196		0.8100558659		0.8184747583

		0.7798994975		0.8240223464		0.8292158969

		0.7899497487		0.8379888268		0.8421052632

		0.8020100503		0.8519553073		0.9301825994

		0.8221105528		0.8770949721		0.962406015

		0.832160804		0.8910614525		0.9860365199

		0.9206030151		0.905027933		0.9967776584

		0.9547738693		0.9413407821		1.007518797

		0.9869346734		0.9748603352		1.0182599356

		0.9969849246		0.9888268156		1.0290010741

		1.0070351759		1.0027932961		1.1106337272

		1.0190954774		1.0167597765		1.149301826

		1.0291457286		1.030726257		1.2158968851

		1.0512562814		1.0446927374		1.3082706767

		1.0814070352		1.1703910615		1.4522019334

		1.1236180905		1.2234636872		1.6498388829

		1.1859296482		1.5837988827		1.9011815252

		1.2683417085		1.7569832402		2.2298603652

		1.3889447236		2.094972067		2.6401718582

		1.551758794		2.4860335196		3.1063372718

		1.7708542714		2.9804469274		3.6433941998

		2.0582914573		3.6424581006		4.2277121375

		2.4100502513		4.312849162		4.8678839957

		2.8522613065		5.0865921788		5.5424274973

		3.3266331658		5.8966480447		6.2577873255

		3.8673366834		6.7709497207		6.4446831364

		4.4522613065		7.687150838

		5.0753768844		8.3798882682

		5.7266331658

		6.0301507538



R6, DET, KOH, salt 0M

R7, DET, KOH, salt 0M

R8, DET, KOH, salt 0 M

aN

pH

2.801

2.957

2.853

2.801

2.959

2.853

2.802

2.959

2.855

2.807

2.965

2.864

2.861

2.973

2.896

3.209

3.097

3.041

3.32

3.102

3.331

3.396

3.12

3.491

3.659

3.148

3.564

3.83

4.054

3.815

3.927

4.149

3.97

4.047

4.18

4.037

4.198

4.379

4.524

4.369

4.402

4.722

4.568

4.702

4.931

4.824

4.918

5.105

5.062

4.955

5.147

5.344

5.305

6.277

5.703

5.721

6.993

5.735

5.771

7.735

6.806

5.943

8.426

7.245

6.506

9.066

7.871

7.155

9.476

8.469

7.835

9.514

9.031

8.609

10.303

9.37

9.31

10.487

9.6

9.62

10.704

9.912

9.652

10.873

10.165

10.523

11.048

10.387

10.553

11.221

10.611

11.119

11.368

10.797

11.23

11.499

10.984

11.405

11.625

11.152

11.542

11.729

11.304

11.638

11.825

11.447

11.763

11.903

11.56

11.85

11.973

11.681

11.937

12.03

11.774

12.006

12.086

11.857

12.067

12.097

11.929

12.118

11.993

12.155

12.046

12.069



Chart8

		0		0		0

		0.0100502513		0.0139664804		0.0107411386

		0.0201005025		0.0279329609		0.0214822771

		0.0301507538		0.0418994413		0.0322234157

		0.1226130653		0.1145251397		0.0773361976

		0.440201005		0.2094972067		0.2556390977

		0.5025125628		0.2318435754		0.4962406015

		0.5407035176		0.2569832402		0.5757250269

		0.6412060302		0.3184357542		0.6079484425

		0.6834170854		0.7318435754		0.6895810956

		0.7015075377		0.751396648		0.7218045113

		0.7195979899		0.7681564246		0.7368421053

		0.7376884422		0.782122905		0.7948442535

		0.7537688442		0.7960893855		0.8077336198

		0.767839196		0.8100558659		0.8184747583

		0.7798994975		0.8240223464		0.8292158969

		0.7899497487		0.8379888268		0.8421052632

		0.8020100503		0.8519553073		0.9301825994

		0.8221105528		0.8770949721		0.962406015

		0.832160804		0.8910614525		0.9860365199

		0.9206030151		0.905027933		0.9967776584

		0.9547738693		0.9413407821		1.007518797

		0.9869346734		0.9748603352		1.0182599356

		0.9969849246		0.9888268156		1.0290010741

		1.0070351759		1.0027932961		1.1106337272

		1.0190954774		1.0167597765		1.149301826

		1.0291457286		1.030726257		1.2158968851

		1.0512562814		1.0446927374		1.3082706767

		1.0814070352		1.1703910615		1.4522019334

		1.1236180905		1.2234636872		1.6498388829

		1.1859296482		1.5837988827		1.9011815252

		1.2683417085		1.7569832402		2.2298603652

		1.3889447236		2.094972067		2.6401718582

		1.551758794		2.4860335196		3.1063372718

		1.7708542714		2.9804469274		3.6433941998

		2.0582914573		3.6424581006		4.2277121375

		2.4100502513		4.312849162		4.8678839957

		2.8522613065		5.0865921788		5.5424274973

		3.3266331658		5.8966480447		6.2577873255

		3.8673366834		6.7709497207		6.4446831364

		4.4522613065		7.687150838

		5.0753768844		8.3798882682

		5.7266331658

		6.0301507538



R6, DET, KOH

R7, DET, KOH

R8, DET, KOH

aN
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Sheet2

		DET				X=0.3906				KOH		KCl=0M		Ve1=0.783		Ve2=0.995

		V,ml		alpha N		pH		alpha N		dpH

		0		0		2.801		0		0

		0.01		0.0100502513		2.801		0.0100502513		5.7

		0.02		0.0201005025		2.802		0.0201005025		11.2

		0.03		0.0301507538		2.807		0.0301507538		16.9

		0.122		0.1226130653		2.861		0.1226130653		24.2

		0.438		0.440201005		3.209		0.440201005		33

		0.5		0.5025125628		3.32		0.5025125628		40

		0.538		0.5407035176		3.396		0.5407035176		46.3

		0.638		0.6412060302		3.659		0.6412060302		53.6

		0.68		0.6834170854		3.83		0.6834170854		59.6

		0.698		0.7015075377		3.927		0.7015075377		63.6

		0.716		0.7195979899		4.047		0.7195979899		66.5

		0.734		0.7376884422		4.198		0.7376884422		69.1

		0.75		0.7537688442		4.369		0.7537688442		71.6

		0.764		0.767839196		4.568		0.767839196		73.7

		0.776		0.7798994975		4.824		0.7798994975		75

		0.786		0.7899497487		5.062		0.7899497487		75.3

		0.798		0.8020100503		5.344		0.8020100503		74.2

		0.818		0.8221105528		5.703		0.8221105528		71.3

		0.828		0.832160804		5.735		0.832160804		69

		0.916		0.9206030151		6.806		0.9206030151		71.1

		0.95		0.9547738693		7.245		0.9547738693		74.8

		0.982		0.9869346734		7.871		0.9869346734		78.1

		0.992		0.9969849246		8.469		0.9969849246		79.6

		1.002		1.0070351759		9.031		1.0070351759		78.6

		1.014		1.0190954774		9.37		1.0190954774		77.5

		1.024		1.0291457286		9.6		1.0291457286		74.1

		1.046		1.0512562814		9.912		1.0512562814		71

		1.076		1.0814070352		10.165		1.0814070352		66

		1.118		1.1236180905		10.387		1.1236180905		59.4

		1.18		1.1859296482		10.611		1.1859296482		51.1

		1.262		1.2683417085		10.797		1.2683417085		41.4

		1.382		1.3889447236		10.984		1.3889447236		31.9

		1.544		1.551758794		11.152		1.551758794		23.6

		1.762		1.7708542714		11.304		1.7708542714		17.2

		2.048		2.0582914573		11.447		2.0582914573		12.4

		2.398		2.4100502513		11.56		2.4100502513		9.2

		2.838		2.8522613065		11.681		2.8522613065		7.2

		3.31		3.3266331658		11.774		3.3266331658		5.6

		3.848		3.8673366834		11.857		3.8673366834		4.4

		4.43		4.4522613065		11.929		4.4522613065		3.6

		5.05		5.0753768844		11.993		5.0753768844		3

		5.698		5.7266331658		12.046		5.7266331658		0

		6		6.0301507538		12.069		6.0301507538		0
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Sheet3

		MET				X=0.3906				KOH		KCl=0.1M		Ve1=0.799		V2=1.063		Cp=3.63E-3

		V,ml		alpha N		pH		alpha N		dpH		alpha T		pK		alpha H		(1-a)/a

		0		0		2.727		0		0		0.5165274127		2.6982784798		0.5165274127		0.9360056706

		0.1		0.0940733772		2.787		0.0940733772		0.06		0.5439499469		2.7104535719		0.4498765697		0.8384044446

		0.2		0.1881467545		2.859		0.1881467545		0.072		0.5692945173		2.737843399		0.3811477628		0.7565600399

		0.3		0.2822201317		2.946		0.2822201317		0.087		0.5941761546		2.7804223429		0.3119560229		0.6830025779

		0.4		0.3762935089		3.053		0.3762935089		0.107		0.6201270103		2.8401577669		0.2438335013		0.6125728818

		0.5		0.4703668862		3.196		0.4703668862		0.413		0.6457926495		2.9351644719		0.1754257633		0.5484846425

		0.6		0.5644402634		3.408		0.5644402634		0.212		0.6721099317		3.0962879493		0.1076696683		0.4878518422

		0.7		0.6585136406		3.818		0.6585136406		0.41		0.7004020023		3.4491915275		0.0418883617		0.4277514865

		0.8		0.7525870179		4.824		0.7525870179		1.006		0.7567183811		4.3311750139		0.0041313632		0.3214955855

		0.9		0.8466603951		5.794		0.8466603951		0.97		0.8471030786		5.0504624807		0.0004426835		0.1804938799

		1		0.9407337723		6.923		0.9407337723		1.129		0.9407666646		5.7220842683		0.0000328922		0.0629628341

		1.1		1.0348071496		9.078		1.0348071496		2.155

		1.2		1.1288805268		10.446		1.1288805268		1.368

		1.3		1.222953904		10.821		1.222953904		0.375

		1.4		1.3170272813		9.6		1.3170272813		0.147

		1.5		1.4111006585		11.072		1.4111006585		0.104

		1.6		1.5051740357		11.157		1.5051740357		0.085

		1.7		1.599247413		11.227		1.599247413		0.07

		1.8		1.6933207902		11.286		1.6933207902		0.059

		1.9		1.7873941675		11.337		1.7873941675		0.051

		2		1.8814675447		11.383		1.8814675447		0.036

		2.1		1.9755409219		11.423		1.9755409219		0.04

		2.2		2.0696142992		11.46		2.0696142992		0.037

		2.3		2.1636876764		11.494		2.1636876764		0.034

		2.4		2.2577610536		11.525		2.2577610536		0.031

		2.5		2.3518344309		11.554		2.3518344309		0.029

		2.6		2.4459078081		11.581		2.4459078081		0.027

		2.7		2.5399811853		11.606		2.5399811853		0.025

		2.8		2.6340545626		11.63		2.6340545626		0.024

		2.9		2.7281279398		11.652		2.7281279398		0.022

		3		2.822201317		11.673		2.822201317		0.21

		3.1		2.9162746943		11.693		2.9162746943		0.02

		3.2		3.0103480715		11.712		3.0103480715		0.019

		3.3		3.1044214487		11.73		3.1044214487		0.018

		3.4		3.198494826		11.747		3.198494826		0.017

		3.5		3.2925682032		11.765		3.2925682032		0.018

		3.6		3.3866415804		11.78		3.3866415804		0.015

		3.7		3.4807149577		11.796		3.4807149577		0.016

		3.8		3.5747883349		11.809		3.5747883349		0.013

		3.9		3.6688617121		11.823		3.6688617121		0.014

		4		3.7629350894		11.836		3.7629350894		0.013

		4.1		3.8570084666		11.849		3.8570084666		0.013

		4.2		3.9510818438		11.861		3.9510818438		0.012

		4.3		4.0451552211		11.873		4.0451552211		0.012

		4.4		4.1392285983		11.884		4.1392285983		0.011

		4.5		4.2333019755		11.896		4.2333019755		0.012

		4.6		4.3273753528		11.906		4.3273753528		0.01

		4.7		4.42144873		11.917		4.42144873		0.011

		4.8		4.5155221072		11.926		4.5155221072		0.009

		4.9		4.6095954845		11.936		4.6095954845		0.01

		5		4.7036688617		11.946		4.7036688617		0.01

		5.1		4.7977422389		11.954		4.7977422389		0.008

		5.2		4.8918156162		11.964		4.8918156162		0.01

		5.3		4.9858889934		11.972		4.9858889934		0.008

		5.4		5.0799623706		11.981		5.0799623706		0.009

		5.5		5.1740357479		11.989		5.1740357479		0.008

		5.6		5.2681091251		11.997		5.2681091251		0.008

		5.7		5.3621825024		12.005		5.3621825024		0.008

		5.8		5.4562558796		12.012		5.4562558796		0.007

		5.9		5.5503292568		12.02		5.5503292568		0.008

		6		5.6444026341		12.027		5.6444026341		0.007
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Chart10

		0		0

		0.0821018062		0.0821018062

		0.1642036125		0.1642036125

		0.2463054187		0.2463054187

		0.328407225		0.328407225

		0.4105090312		0.4105090312

		0.4926108374		0.4926108374

		0.5747126437		0.5747126437

		0.6568144499		0.6568144499

		0.7389162562		0.7389162562

		0.8210180624		0.8210180624

		0.9031198686		0.9031198686

		0.9852216749		0.9852216749

		1.0673234811		1.0673234811

		1.1494252874		1.1494252874

		1.2315270936		1.2315270936

		1.3136288998		1.3136288998

		1.3957307061		1.3957307061

		1.4778325123		1.4778325123

		1.5599343186		1.5599343186

		1.6420361248		1.6420361248

		1.724137931		1.724137931

		1.8062397373		1.8062397373

		1.8883415435		1.8883415435

		1.9704433498		1.9704433498

		2.052545156		2.052545156

		2.1346469622		2.1346469622

		2.2167487685		2.2167487685

		2.2988505747		2.2988505747

		2.380952381		2.380952381

		2.4630541872		2.4630541872

		2.5451559934		2.5451559934

		2.6272577997		2.6272577997

		2.7093596059		2.7093596059

		2.7914614122		2.7914614122

		2.8735632184		2.8735632184

		2.9556650246		2.9556650246

		3.0377668309		3.0377668309

		3.1198686371		3.1198686371

		3.2019704433		3.2019704433

		3.2840722496		3.2840722496

		3.3661740558		3.3661740558

		3.4482758621		3.4482758621

		3.5303776683		3.5303776683

		3.6124794745		3.6124794745

		3.6945812808		3.6945812808

		3.776683087		3.776683087

		3.8587848933		3.8587848933

		3.9408866995		3.9408866995

		4.0229885057		4.0229885057

		4.105090312		4.105090312

		4.1871921182		4.1871921182

		4.2692939245		4.2692939245

		4.3513957307		4.3513957307

		4.4334975369		4.4334975369

		4.5155993432		4.5155993432

		4.5977011494		4.5977011494

		4.6798029557		4.6798029557

		4.7619047619		4.7619047619

		4.8440065681		4.8440065681

		4.9261083744		4.9261083744



dpH

LiOH, MET, pH
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Sheet4

		MET				X=0.3906				LiOH		KCl=0		Ve=0.892		Ve2=1.218

		V,ml		alpha N		pH		alpha N		dpH

		0		0		2.813		0		0

		0.1		0.0821018062		2.834		0.0821018062		0.021

		0.2		0.1642036125		2.883		0.1642036125		0.049

		0.3		0.2463054187		2.95		0.2463054187		0.067

		0.4		0.328407225		3.039		0.328407225		0.089

		0.5		0.4105090312		3.155		0.4105090312		0.116

		0.6		0.4926108374		3.315		0.4926108374		0.16

		0.7		0.5747126437		3.564		0.5747126437		0.249

		0.8		0.6568144499		4.036		0.6568144499		0.472

		0.9		0.7389162562		5.094		0.7389162562		1.058

		1		0.8210180624		6.02		0.8210180624		0.926

		1.1		0.9031198686		6.856		0.9031198686		0.836

		1.2		0.9852216749		8.157		0.9852216749		1.301

		1.3		1.0673234811		9.964		1.0673234811		1.807

		1.4		1.1494252874		10.699		1.1494252874		0.735

		1.5		1.2315270936		10.923		1.2315270936		0.224

		1.6		1.3136288998		11.057		1.3136288998		0.134

		1.7		1.3957307061		11.159		1.3957307061		0.102

		1.8		1.4778325123		11.236		1.4778325123		0.077

		1.9		1.5599343186		11.3		1.5599343186		0.064

		2		1.6420361248		11.356		1.6420361248		0.056

		2.1		1.724137931		11.401		1.724137931		0.045

		2.2		1.8062397373		11.442		1.8062397373		0.041

		2.3		1.8883415435		11.477		1.8883415435		0.035

		2.4		1.9704433498		11.51		1.9704433498		0.033

		2.5		2.052545156		11.538		2.052545156		0.028

		2.6		2.1346469622		11.564		2.1346469622		0.026

		2.7		2.2167487685		11.589		2.2167487685		0.025

		2.8		2.2988505747		11.611		2.2988505747		0.022

		2.9		2.380952381		11.63		2.380952381		0.019

		3		2.4630541872		11.648		2.4630541872		0.018

		3.1		2.5451559934		11.666		2.5451559934		0.018

		3.2		2.6272577997		11.682		2.6272577997		0.016

		3.3		2.7093596059		11.696		2.7093596059		0.014

		3.4		2.7914614122		11.709		2.7914614122		0.013

		3.5		2.8735632184		11.723		2.8735632184		0.014

		3.6		2.9556650246		11.735		2.9556650246		0.012

		3.7		3.0377668309		11.746		3.0377668309		0.011

		3.8		3.1198686371		11.758		3.1198686371		0.012

		3.9		3.2019704433		11.768		3.2019704433		0.01

		4		3.2840722496		11.778		3.2840722496		0.01

		4.1		3.3661740558		11.786		3.3661740558		0.008

		4.2		3.4482758621		11.795		3.4482758621		0.009

		4.3		3.5303776683		11.802		3.5303776683		0.007

		4.4		3.6124794745		11.809		3.6124794745		0.007

		4.5		3.6945812808		11.816		3.6945812808		0.007

		4.6		3.776683087		11.823		3.776683087		0.007

		4.7		3.8587848933		11.83		3.8587848933		0.007

		4.8		3.9408866995		11.836		3.9408866995		0.006

		4.9		4.0229885057		11.841		4.0229885057		0.005

		5		4.105090312		11.847		4.105090312		0.006

		5.1		4.1871921182		11.852		4.1871921182		0.005

		5.2		4.2692939245		11.857		4.2692939245		0.005

		5.3		4.3513957307		11.861		4.3513957307		0.004

		5.4		4.4334975369		11.865		4.4334975369		0.004

		5.5		4.5155993432		11.869		4.5155993432		0.004

		5.6		4.5977011494		11.873		4.5977011494		0.004

		5.7		4.6798029557		11.878		4.6798029557		0.005

		5.8		4.7619047619		11.881		4.7619047619		0.003

		5.9		4.8440065681		11.884		4.8440065681		0.003

		6		4.9261083744		11.888		4.9261083744		0.004
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Chart2

		0		0		0		0

		0.0122699387		0.0100502513		0.0122699387		0.0100502513

		0.0245398773		0.0201005025		0.0245398773		0.0201005025

		0.036809816		0.0301507538		0.036809816		0.0301507538

		0.3042944785		0.1226130653		0.3042944785		0.1226130653

		0.363190184		0.440201005		0.363190184		0.440201005

		0.4564417178		0.5025125628		0.4564417178		0.5025125628

		0.5619631902		0.5407035176		0.5619631902		0.5407035176

		0.6208588957		0.6412060302		0.6208588957		0.6412060302

		0.6576687117		0.6834170854		0.6576687117		0.6834170854

		0.6920245399		0.7015075377		0.6920245399		0.7015075377

		0.7435582822		0.7195979899		0.7435582822		0.7195979899

		0.7607361963		0.7376884422		0.7607361963		0.7376884422

		0.7828220859		0.7537688442		0.7828220859		0.7537688442

		0.7975460123		0.767839196		0.7975460123		0.767839196

		0.8122699387		0.7798994975		0.8122699387		0.7798994975

		0.8245398773		0.7899497487		0.8245398773		0.7899497487

		0.836809816		0.8020100503		0.836809816		0.8020100503

		0.8490797546		0.8221105528		0.8490797546		0.8221105528

		0.8613496933		0.832160804		0.8613496933		0.832160804

		0.9374233129		0.9206030151		0.9374233129		0.9206030151

		0.9693251534		0.9547738693		0.9693251534		0.9547738693

		0.9938650307		0.9869346734		0.9938650307		0.9869346734

		1.0061349693		0.9969849246		1.0061349693		0.9969849246

		1.0220858896		1.0070351759		1.0220858896		1.0070351759

		1.0306748466		1.0190954774		1.0306748466		1.0190954774

		1.0650306748		1.0291457286		1.0650306748		1.0291457286

		1.109202454		1.0512562814		1.109202454		1.0512562814

		1.1754601227		1.0814070352		1.1754601227		1.0814070352

		1.2687116564		1.1236180905		1.2687116564		1.1236180905

		1.3963190184		1.1859296482		1.3963190184		1.1859296482

		1.5877300613		1.2683417085		1.5877300613		1.2683417085

		1.8527607362		1.3889447236		1.8527607362		1.3889447236

		2.2036809816		1.551758794		2.2036809816		1.551758794

		2.6625766871		1.7708542714		2.6625766871		1.7708542714

		3.2220858896		2.0582914573		3.2220858896		2.0582914573

		3.8625766871		2.4100502513		3.8625766871		2.4100502513

		4.5742331288		2.8522613065		4.5742331288		2.8522613065

		5.3766871166		3.3266331658		5.3766871166		3.3266331658

		6.2233128834		3.8673366834		6.2233128834		3.8673366834

		7.1067484663		4.4522613065		7.1067484663		4.4522613065

		7.3619631902		5.0753768844		7.3619631902		5.0753768844

				5.7266331658				5.7266331658

				6.0301507538				6.0301507538



ERC

R6, LiOH, DET, pH

R6, KOH, DET, pH

R6, LiOH, DET, ERC

R6, KOH, DET, ERC

aN

pH

2.873

2.801

0

0

2.874

2.801

6.1

5.7

2.875

2.802

11

11.2

2.878

2.807

19

16.9

3.102

2.861

29.2

24.2

3.17

3.209

36.1

33

3.303

3.32

42.3

40

3.502

3.396

48.8

46.3

3.651

3.659

54

53.6

3.77

3.83

58.2

59.6

3.894

3.927

62.3

63.6

4.165

4.047

66.1

66.5

4.273

4.198

69.2

69.1

4.484

4.369

70.1

71.6

4.65

4.568

71.4

73.7

4.675

4.824

74.1

75

5.09

5.062

75

75.3

5.119

5.344

74.9

74.2

5.495

5.703

74.1

71.3

5.546

5.735

73.6

69

6.651

6.806

75.9

71.1

7.452

7.245

78.9

74.8

8.514

7.871

80.8

78.1

9.369

8.469

80.2

79.6

9.757

9.031

77.2

78.6

9.91

9.37

72.9

77.5

10.211

9.6

68.1

74.1

10.439

9.912

62.2

71

10.656

10.165

54

66

10.86

10.387

44.1

59.4

11.028

10.611

33.2

51.1

11.193

10.797

23.8

41.4

11.343

10.984

16.6

31.9

11.47

11.152

11.4

23.6

11.581

11.304

8

17.2

11.679

11.447

5.8

12.4

11.761

11.56

4.2

9.2

11.818

11.681

3

7.2

11.867

11.774

2.2

5.6

11.906

11.857

1.7

4.4

11.934

11.929

0

3.6

11.939

11.993

0

3

12.046

0

12.069

0



Sheet5

		DET				X=0.3906				LiOH		KCl=0		Ve=0.976

		V,ml		alpha N		pH		alpha N		dpH

		0		0		2.834		0		0

		0.01		0.0102459016		2.834		0.0102459016		5.7

		0.02		0.0204918033		2.835		0.0204918033		12.5

		0.03		0.0307377049		2.84		0.0307377049		20.2

		0.122		0.125		2.93		0.125		26.3

		0.208		0.2131147541		3.02		0.2131147541		33.3

		0.414		0.4241803279		3.349		0.4241803279		38

		0.468		0.4795081967		3.485		0.4795081967		46.4

		0.496		0.5081967213		3.5		0.5081967213		56.9

		0.51		0.5225409836		3.624		0.5225409836		60.2

		0.52		0.5327868852		3.635		0.5327868852		59.6

		0.53		0.5430327869		3.713		0.5430327869		61.6

		0.54		0.5532786885		3.724		0.5532786885		68.4

		0.734		0.7520491803		6.399		0.7520491803		71.7

		0.744		0.762295082		6.598		0.762295082		71.6

		0.754		0.7725409836		6.627		0.7725409836		70.6

		0.764		0.7827868852		6.829		0.7827868852		70

		0.788		0.8073770492		6.86		0.8073770492		70.1

		0.97		0.993852459		9.988		0.993852459		70.4

		0.996		1.0204918033		10.287		1.0204918033		67.9

		1.006		1.0307377049		10.312		1.0307377049		65

		1.016		1.0409836066		10.412		1.0409836066		63.5

		1.054		1.0799180328		10.57		1.0799180328		57

		1.128		1.1557377049		10.772		1.1557377049		45.1

		1.232		1.262295082		10.955		1.262295082		35.2

		1.378		1.4118852459		11.13		1.4118852459		26.2

		1.574		1.612704918		11.287		1.612704918		18.7

		1.834		1.8790983607		11.419		1.8790983607		12.9

		2.18		2.2336065574		11.534		2.2336065574		9

		2.614		2.6782786885		11.643		2.6782786885		6.6

		3.104		3.1803278689		11.728		3.1803278689		4.8

		3.666		3.756147541		11.798		3.756147541		3.5

		4.284		4.3893442623		11.854		4.3893442623		2.6

		4.95		5.0717213115		11.895		5.0717213115		1.9

		5.662		5.8012295082		11.929		5.8012295082		0

		6		6.1475409836		11.941		6.1475409836		0



&A

Page &P



Sheet6

		MET				X=0.3906				Ca(OH)2		KCl=0				Ve=1.281		Cp=0,726E-3

		V,ml		alpha N		pH		alpha N		dpH		alpha T		pK		alpha H		(1-a)/a		log

		0		0		3.372		0		0		0.5848754324		3.2231150569		0.5848754324		0.7097657801		-0.1488849431

		0.1		0.0780640125		3.417		0.0780640125		0.045		0.6053708215		3.2311677091		0.527306809		0.6518800784		-0.1858322909

		0.2		0.156128025		3.478		0.156128025		0.061		0.6143367761		3.2758017131		0.4582087511		0.6277716701		-0.2021982869

		0.3		0.2341920375		3.56		0.2341920375		0.082		0.6135623823		3.3592206711		0.3793703448		0.6298261251		-0.2007793289

		0.4		0.31225605		3.673		0.31225605		0.113		0.6047139648		3.4883614737		0.2924579149		0.6536743951		-0.1846385263

		0.5		0.3903200625		3.831		0.3903200625		0.158		0.5935854252		3.6664860454		0.2032653627		0.684677483		-0.1645139546

		0.6		0.4683840749		4.077		0.4683840749		0.246		0.583746235		3.9301340822		0.1153621601		0.7130731472		-0.1468659178

		0.7		0.5464480874		4.551		0.5464480874		0.474		0.5851795038		4.4015711003		0.0387314164		0.7088773504		-0.1494288997

		0.8		0.6245120999		5.05		0.6245120999		0.499		0.6367882836		4.8061647852		0.0122761837		0.5703806519		-0.2438352148

		0.9		0.7025761124		5.456		0.7025761124		0.406		0.7073962938		5.0726170426		0.0048201814		0.4136347742		-0.3833829574

		1		0.7806401249		5.869		0.7806401249		0.413		0.7825024838		5.312968577		0.0018623589		0.2779512151		-0.556031423

		1.1		0.8587041374		6.458		0.8587041374		0.589		0.8591839409		5.6725660351		0.0004798035		0.1638951247		-0.7854339649

		1.2		0.9367681499		7.246		0.9367681499		0.788		0.9368463241		6.0747302771		0.0000781742		0.0674109235		-1.1712697229

		1.3		1.0148321624		8.208		1.0148321624		0.962

		1.4		1.0928961749		9.119		1.0928961749		0.911

		1.5		1.1709601874		9.77		1.1709601874		0.651

		1.6		1.2490241998		10.223		1.2490241998		0.453

		1.7		1.3270882123		10.485		1.3270882123		0.262

		1.8		1.4051522248		10.633		1.4051522248		0.148

		1.9		1.4832162373		10.715		1.4832162373		0.082

		2		1.5612802498		10.774		1.5612802498		0.059

		2.1		1.6393442623		10.821		1.6393442623		0.047

		2.2		1.7174082748		10.863		1.7174082748		0.042

		2.3		1.7954722873		10.897		1.7954722873		0.034

		2.4		1.8735362998		10.935		1.8735362998		0.038

		2.5		1.9516003123		10.964		1.9516003123		0.029

		2.6		2.0296643247		10.992		2.0296643247		0.028

		2.7		2.1077283372		11.02		2.1077283372		0.028

		2.8		2.1857923497		11.043		2.1857923497		0.023

		2.9		2.2638563622		11.068		2.2638563622		0.025

		3		2.3419203747		11.09		2.3419203747		0.022

		3.1		2.4199843872		11.108		2.4199843872		0.018

		3.2		2.4980483997		11.129		2.4980483997		0.021

		3.3		2.5761124122		11.151		2.5761124122		0.022

		3.4		2.6541764247		11.167		2.6541764247		0.016

		3.5		2.7322404372		11.183		2.7322404372		0.016

		3.6		2.8103044496		11.201		2.8103044496		0.018

		3.7		2.8883684621		11.216		2.8883684621		0.015

		3.8		2.9664324746		11.23		2.9664324746		0.014

		3.9		3.0444964871		11.245		3.0444964871		0.015

		4		3.1225604996		11.259		3.1225604996		0.014

		4.1		3.2006245121		11.271		3.2006245121		0.012

		4.2		3.2786885246		11.284		3.2786885246		0.013

		4.3		3.3567525371		11.295		3.3567525371		0.011

		4.4		3.4348165496		11.307		3.4348165496		0.012

		4.5		3.5128805621		11.318		3.5128805621		0.011

		4.6		3.5909445746		11.33		3.5909445746		0.012

		4.7		3.669008587		11.338		3.669008587		0.008

		4.8		3.7470725995		11.35		3.7470725995		0.012

		4.9		3.825136612		11.361		3.825136612		0.011

		5		3.9032006245		11.37		3.9032006245		0.009

		5.1		3.981264637		11.377		3.981264637		0.007

		5.2		4.0593286495		11.387		4.0593286495		0.01

		5.3		4.137392662		11.395		4.137392662		0.008

		5.4		4.2154566745		11.404		4.2154566745		0.009

		5.5		4.293520687		11.411		4.293520687		0.007

		5.6		4.3715846995		11.42		4.3715846995		0.009

		5.7		4.4496487119		11.428		4.4496487119		0.008

		5.8		4.5277127244		11.436		4.5277127244		0.008

		5.9		4.6057767369		11.444		4.6057767369		0.008

		6		4.6838407494		11.451		4.6838407494		0.007
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Chart9

		0		0

		0.0084175084		0.0084175084

		0.0168350168		0.0168350168

		0.0252525253		0.0252525253

		0.1001683502		0.1001683502

		0.2718855219		0.2718855219

		0.42003367		0.42003367

		0.4326599327		0.4326599327

		0.4654882155		0.4654882155

		0.4806397306		0.4806397306

		0.5016835017		0.5016835017

		0.5395622896		0.5395622896

		0.5589225589		0.5589225589

		0.5951178451		0.5951178451

		0.6506734007		0.6506734007

		0.718013468		0.718013468

		0.7861952862		0.7861952862

		0.7946127946		0.7946127946

		0.803030303		0.803030303

		0.8114478114		0.8114478114

		0.8198653199		0.8198653199

		0.8552188552		0.8552188552

		0.8804713805		0.8804713805

		0.9318181818		0.9318181818

		1.0084175084		1.0084175084

		1.0538720539		1.0538720539

		1.138047138		1.138047138

		1.2601010101		1.2601010101

		1.3956228956		1.3956228956

		1.5580808081		1.5580808081

		1.7466329966		1.7466329966

		1.9696969697		1.9696969697

		2.2079124579		2.2079124579

		2.4604377104		2.4604377104

		2.5252525253		2.5252525253



ERC

R6, pH, Ca(OH)2

R6, ERC, Ca(OH)2

aN

pH

3.479

0

3.513

28.4

3.533

25

3.549

18.1

3.619

18.5

3.831

29.3

4.47

40.8

4.405

48.3

4.651

52.9

4.785

54.5

4.973

54.2

5.252

53.5

5.438

50.3

5.629

43.4

5.855

44.9

6.125

66.3

7.145

74.2

7.834

75.8

8.397

73.7

8.507

67.1

8.59

61

9.164

57.5

9.313

48.2

9.488

42.3

10.016

39

10.151

28.9

10.295

19.2

10.47

14.8

10.612

11.3

10.737

8.4

10.834

6.3

10.929

5.2

11.013

4.8

11.091

0

11.125



Sheet7

		DET				X=0.3906				Ca(OH)2		KCl=0		Ve=1.188

		V,ml		alpha N		pH		alpha N		dpH

		0		0		3.479		0		0

		0.01		0.0084175084		3.513		0.0084175084		28.4

		0.02		0.0168350168		3.533		0.0168350168		25

		0.03		0.0252525253		3.549		0.0252525253		18.1

		0.119		0.1001683502		3.619		0.1001683502		18.5

		0.323		0.2718855219		3.831		0.2718855219		29.3

		0.499		0.42003367		4.47		0.42003367		40.8

		0.514		0.4326599327		4.405		0.4326599327		48.3

		0.553		0.4654882155		4.651		0.4654882155		52.9

		0.571		0.4806397306		4.785		0.4806397306		54.5

		0.596		0.5016835017		4.973		0.5016835017		54.2

		0.641		0.5395622896		5.252		0.5395622896		53.5

		0.664		0.5589225589		5.438		0.5589225589		50.3

		0.707		0.5951178451		5.629		0.5951178451		43.4

		0.773		0.6506734007		5.855		0.6506734007		44.9

		0.853		0.718013468		6.125		0.718013468		66.3

		0.934		0.7861952862		7.145		0.7861952862		74.2

		0.944		0.7946127946		7.834		0.7946127946		75.8

		0.954		0.803030303		8.397		0.803030303		73.7

		0.964		0.8114478114		8.507		0.8114478114		67.1

		0.974		0.8198653199		8.59		0.8198653199		61

		1.016		0.8552188552		9.164		0.8552188552		57.5

		1.046		0.8804713805		9.313		0.8804713805		48.2

		1.107		0.9318181818		9.488		0.9318181818		42.3

		1.198		1.0084175084		10.016		1.0084175084		39

		1.252		1.0538720539		10.151		1.0538720539		28.9

		1.352		1.138047138		10.295		1.138047138		19.2

		1.497		1.2601010101		10.47		1.2601010101		14.8

		1.658		1.3956228956		10.612		1.3956228956		11.3

		1.851		1.5580808081		10.737		1.5580808081		8.4

		2.075		1.7466329966		10.834		1.7466329966		6.3

		2.34		1.9696969697		10.929		1.9696969697		5.2

		2.623		2.2079124579		11.013		2.2079124579		4.8

		2.923		2.4604377104		11.091		2.4604377104		0

		3		2.5252525253		11.125		2.5252525253
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Chart3

		0		0		0		0

		0.0084175084		0.0086580087		0.0084175084		0.0083056478

		0.0168350168		0.0173160173		0.0168350168		0.0166112957

		0.0252525253		0.025974026		0.0252525253		0.0249169435

		0.1001683502		0.1480519481		0.07996633		0.0523255814

		0.2718855219		0.2640692641		0.1271043771		0.1910299003

		0.42003367		0.4051948052		0.2777777778		0.3313953488

		0.4326599327		0.4233766234		0.4116161616		0.384551495

		0.4654882155		0.4606060606		0.4351851852		0.4028239203

		0.4806397306		0.4744588745		0.452020202		0.4426910299

		0.5016835017		0.5064935065		0.4705387205		0.4609634551

		0.5395622896		0.5238095238		0.5067340067		0.4750830565

		0.5589225589		0.5393939394		0.5420875421		0.5091362126

		0.5951178451		0.5645021645		0.5631313131		0.5332225914

		0.6506734007		0.5757575758		0.5909090909		0.5514950166

		0.718013468		0.6077922078		0.6035353535		0.5780730897

		0.7861952862		0.6658008658		0.6422558923		0.6212624585

		0.7946127946		0.7515151515		0.7011784512		0.6818936877

		0.803030303		0.7896103896		0.7668350168		0.7392026578

		0.8114478114		0.8034632035		0.7929292929		0.7475083056

		0.8198653199		0.8121212121		0.8013468013		0.7558139535

		0.8552188552		0.8207792208		0.8097643098		0.7641196013

		0.8804713805		0.8311688312		0.8181818182		0.773255814

		0.9318181818		0.8614718615		0.8484848485		0.799833887

		1.0084175084		0.9212121212		0.9065656566		0.8471760797

		1.0538720539		0.9471861472		0.9814814815		0.9053156146

		1.138047138		0.9991341991		1.0151515152		0.9784053156

		1.2601010101		1.0086580087		1.0244107744		1.0083056478

		1.3956228956		1.0199134199		1.0404040404		1.0174418605

		1.5580808081		1.0658008658		1.1085858586		1.0299003322

		1.7466329966		1.1835497835		1.2331649832		1.0872093023

		1.9696969697		1.2761904762		1.3872053872		1.200166113

		2.2079124579		1.4251082251		1.5606060606		1.3471760797

		2.4604377104		1.5818181818		1.7626262626		1.51910299

		2.5252525253		1.7878787879		1.9890572391		1.7176079734

				2		2.2306397306		1.9368770764

				2.2588744589		2.4890572391		2.176910299

				2.516017316		2.5252525253		2.4318936877

				2.5974025974				2.4916943522



R6, salt 0M

R6, salt 0.001 M
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R6, salt 0.1 M
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Chart4

		0		0		0		0

		0.0084175084		0.0086580087		0.0084175084		0.0083056478

		0.0168350168		0.0173160173		0.0168350168		0.0166112957

		0.0252525253		0.025974026		0.0252525253		0.0249169435

		0.1001683502		0.1480519481		0.07996633		0.0523255814

		0.2718855219		0.2640692641		0.1271043771		0.1910299003

		0.42003367		0.4051948052		0.2777777778		0.3313953488

		0.4326599327		0.4233766234		0.4116161616		0.384551495

		0.4654882155		0.4606060606		0.4351851852		0.4028239203

		0.4806397306		0.4744588745		0.452020202		0.4426910299

		0.5016835017		0.5064935065		0.4705387205		0.4609634551

		0.5395622896		0.5238095238		0.5067340067		0.4750830565

		0.5589225589		0.5393939394		0.5420875421		0.5091362126

		0.5951178451		0.5645021645		0.5631313131		0.5332225914

		0.6506734007		0.5757575758		0.5909090909		0.5514950166

		0.718013468		0.6077922078		0.6035353535		0.5780730897

		0.7861952862		0.6658008658		0.6422558923		0.6212624585

		0.7946127946		0.7515151515		0.7011784512		0.6818936877

		0.803030303		0.7896103896		0.7668350168		0.7392026578

		0.8114478114		0.8034632035		0.7929292929		0.7475083056

		0.8198653199		0.8121212121		0.8013468013		0.7558139535

		0.8552188552		0.8207792208		0.8097643098		0.7641196013

		0.8804713805		0.8311688312		0.8181818182		0.773255814

		0.9318181818		0.8614718615		0.8484848485		0.799833887

		1.0084175084		0.9212121212		0.9065656566		0.8471760797

		1.0538720539		0.9471861472		0.9814814815		0.9053156146

		1.138047138		0.9991341991		1.0151515152		0.9784053156

		1.2601010101		1.0086580087		1.0244107744		1.0083056478

		1.3956228956		1.0199134199		1.0404040404		1.0174418605

		1.5580808081		1.0658008658		1.1085858586		1.0299003322

		1.7466329966		1.1835497835		1.2331649832		1.0872093023

		1.9696969697		1.2761904762		1.3872053872		1.200166113

		2.2079124579		1.4251082251		1.5606060606		1.3471760797

		2.4604377104		1.5818181818		1.7626262626		1.51910299

		2.5252525253		1.7878787879		1.9890572391		1.7176079734

				2		2.2306397306		1.9368770764

				2.2588744589		2.4890572391		2.176910299

				2.516017316		2.5252525253		2.4318936877

				2.5974025974				2.4916943522



R6, salt 0 M

R6, salt 0.001 M
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Sheet8

		DET,				x=0.3906				Ca(OH)2		KCl=0.001M		V=1.155

		V, mL		alphaN		pH		alphaN		ERC

		0		0		3.424		0		0

		0.01		0.0086580087		3.434		0.0086580087		15.2

		0.02		0.0173160173		3.447		0.0173160173		16.9

		0.03		0.025974026		3.458		0.025974026		15.5

		0.171		0.1480519481		3.583		0.1480519481		17.7

		0.305		0.2640692641		3.743		0.2640692641		24.3

		0.468		0.4051948052		4.212		0.4051948052		30.5

		0.489		0.4233766234		4.171		0.4233766234		37.4

		0.532		0.4606060606		4.361		0.4606060606		45.1

		0.548		0.4744588745		4.443		0.4744588745		51.2

		0.585		0.5064935065		4.697		0.5064935065		55.7

		0.605		0.5238095238		4.87		0.5238095238		57.5

		0.623		0.5393939394		5.04		0.5393939394		57

		0.652		0.5645021645		5.216		0.5645021645		56.1

		0.665		0.5757575758		5.346		0.5757575758		52.4

		0.702		0.6077922078		5.507		0.6077922078		45.7

		0.769		0.6658008658		5.678		0.6658008658		47.1

		0.868		0.7515151515		6.451		0.7515151515		61.5

		0.912		0.7896103896		6.696		0.7896103896		69.8

		0.928		0.8034632035		7.381		0.8034632035		71.2

		0.938		0.8121212121		7.552		0.8121212121		68.3

		0.948		0.8207792208		7.68		0.8207792208		62.8

		0.96		0.8311688312		7.808		0.8311688312		58.6

		0.995		0.8614718615		7.954		0.8614718615		58.1

		1.064		0.9212121212		8.905		0.9212121212		58.8

		1.094		0.9471861472		9.055		0.9471861472		58.9

		1.154		0.9991341991		9.766		0.9991341991		58.6

		1.165		1.0086580087		9.856		1.0086580087		54.1

		1.178		1.0199134199		9.934		1.0199134199		42.3

		1.231		1.0658008658		10.018		1.0658008658		28.8

		1.367		1.1835497835		10.328		1.1835497835		21.1

		1.474		1.2761904762		10.443		1.2761904762		15.9

		1.646		1.4251082251		10.614		1.4251082251		11.5

		1.827		1.5818181818		10.717		1.5818181818		8.6

		2.065		1.7878787879		10.843		1.7878787879		6.4

		2.31		2		10.916		2		5

		2.609		2.2588744589		11.008		2.2588744589		4.7

		2.906		2.516017316		11.076		2.516017316		0

		3		2.5974025974		11.121		2.5974025974		0
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Sheet9

		DET,				x=0.3906				Ca(OH)2		KCl=0.01M		Ve=1.188

		V, mL		alpha N		pH		alpha N		ERC

		0		0		3.401		0		0

		0.01		0.0084175084		3.421		0.0084175084		19.1

		0.02		0.0168350168		3.431		0.0168350168		19.3

		0.03		0.0252525253		3.447		0.0252525253		17.2

		0.095		0.07996633		3.507		0.07996633		15.4

		0.151		0.1271043771		3.563		0.1271043771		17.5

		0.33		0.2777777778		3.784		0.2777777778		26

		0.489		0.4116161616		4.179		0.4116161616		37.2

		0.517		0.4351851852		4.296		0.4351851852		45.6

		0.537		0.452020202		4.41		0.452020202		50

		0.559		0.4705387205		4.546		0.4705387205		52.4

		0.602		0.5067340067		4.832		0.5067340067		54.7

		0.644		0.5420875421		5.16		0.5420875421		55.8

		0.669		0.5631313131		5.372		0.5631313131		54.8

		0.702		0.5909090909		5.569		0.5909090909		52.6

		0.717		0.6035353535		5.678		0.6035353535		48.6

		0.763		0.6422558923		5.866		0.6422558923		48.2

		0.833		0.7011784512		6.114		0.7011784512		60.8

		0.911		0.7668350168		7.115		0.7668350168		70.9

		0.942		0.7929292929		8		0.7929292929		74.1

		0.952		0.8013468013		8.646		0.8013468013		73.3

		0.962		0.8097643098		8.757		0.8097643098		67.4

		0.972		0.8181818182		8.858		0.8181818182		54.5

		1.008		0.8484848485		9.008		0.8484848485		46.9

		1.077		0.9065656566		9.212		0.9065656566		48.4

		1.166		0.9814814815		10.02		0.9814814815		49.1

		1.206		1.0151515152		10.148		1.0151515152		44.7

		1.217		1.0244107744		10.202		1.0244107744		39.4

		1.236		1.0404040404		10.265		1.0404040404		30.4

		1.317		1.1085858586		10.377		1.1085858586		19.1

		1.465		1.2331649832		10.52		1.2331649832		12.9

		1.648		1.3872053872		10.662		1.3872053872		9.9

		1.854		1.5606060606		10.776		1.5606060606		7.6

		2.094		1.7626262626		10.876		1.7626262626		5.9

		2.363		1.9890572391		10.968		1.9890572391		4.8

		2.65		2.2306397306		11.046		2.2306397306		4.4

		2.957		2.4890572391		11.118		2.4890572391		0

		3		2.5252525253		11.134		2.5252525253		0
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Sheet10

		DET,				x=0.3906				Ca(OH)2		KCl=0.1M		Ve=1.204

		V, mL		alphaN		pH		alphaN		ERC

		0		0		3.419		0		0

		0.01		0.0083056478		3.452		0.0083056478		25.2

		0.02		0.0166112957		3.468		0.0166112957		18.8

		0.03		0.0249169435		3.472		0.0249169435		13.7

		0.063		0.0523255814		3.508		0.0523255814		15.7

		0.23		0.1910299003		3.7		0.1910299003		21.6

		0.399		0.3313953488		3.99		0.3313953488		30.3

		0.463		0.384551495		4.2		0.384551495		38.6

		0.485		0.4028239203		4.285		0.4028239203		45.7

		0.533		0.4426910299		4.544		0.4426910299		51.6

		0.555		0.4609634551		4.707		0.4609634551		54.5

		0.572		0.4750830565		4.838		0.4750830565		55

		0.613		0.5091362126		5.114		0.5091362126		55.3

		0.642		0.5332225914		5.35		0.5332225914		55.2

		0.664		0.5514950166		5.512		0.5514950166		52.7

		0.696		0.5780730897		5.711		0.5780730897		47.6

		0.748		0.6212624585		5.913		0.6212624585		49.4

		0.821		0.6818936877		6.222		0.6818936877		67.3

		0.89		0.7392026578		7.247		0.7392026578		73.7

		0.9		0.7475083056		7.955		0.7475083056		74

		0.91		0.7558139535		8.137		0.7558139535		69.9

		0.92		0.7641196013		8.243		0.7641196013		62.8

		0.931		0.773255814		8.377		0.773255814		57.7

		0.963		0.799833887		8.552		0.799833887		48.7

		1.02		0.8471760797		8.786		0.8471760797		44.9

		1.09		0.9053156146		8.995		0.9053156146		51.1

		1.178		0.9784053156		9.932		0.9784053156		53.2

		1.214		1.0083056478		10.081		1.0083056478		50.3

		1.225		1.0174418605		10.154		1.0174418605		45.6

		1.24		1.0299003322		10.216		1.0299003322		35.4

		1.309		1.0872093023		10.325		1.0872093023		21.3

		1.445		1.200166113		10.465		1.200166113		13.5

		1.622		1.3471760797		10.601		1.3471760797		10

		1.829		1.51910299		10.717		1.51910299		7.7

		2.068		1.7176079734		10.821		1.7176079734		6

		2.332		1.9368770764		10.91		1.9368770764		4.9

		2.621		2.176910299		10.989		2.176910299		4.2

		2.928		2.4318936877		11.06		2.4318936877		0

		3		2.4916943522		11.079		2.4916943522		0
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Sheet11

		DET,				x=0.3906				KOH		KCl=0.001M		Ve1=0.786		Ve2=0.971

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.816		0		0

		0.01		0.0102986612		2.816		0.0102986612		8.2

		0.02		0.0205973223		2.82		0.0205973223		13.1

		0.03		0.0308959835		2.823		0.0308959835		19.2

		0.358		0.36869207		3.111		0.36869207		27.3

		0.426		0.438722966		3.202		0.438722966		34.5

		0.492		0.5066941298		3.311		0.5066941298		40.9

		0.582		0.5993820803		3.504		0.5993820803		47.8

		0.638		0.6570545829		3.674		0.6570545829		53.9

		0.666		0.6858908342		3.781		0.6858908342		59.1

		0.696		0.7167868177		3.932		0.7167868177		63.2

		0.716		0.7373841401		4.068		0.7373841401		66.8

		0.73		0.7518022657		4.18		0.7518022657		69.7

		0.75		0.7723995881		4.437		0.7723995881		72

		0.76		0.7826982492		4.568		0.7826982492		73.9

		0.788		0.8115345005		5.197		0.8115345005		74.9

		0.798		0.8218331617		5.439		0.8218331617		74.2

		0.81		0.8341915551		5.653		0.8341915551		71.5

		0.82		0.8444902163		5.69		0.8444902163		69.9

		0.898		0.9248197734		6.78		0.9248197734		71.8

		0.928		0.955715757		7.192		0.955715757		75.3

		0.958		0.9866117405		7.809		0.9866117405		78.3

		0.968		0.9969104016		8.47		0.9969104016		79.6

		0.978		1.0072090628		8.959		1.0072090628		78.7

		0.988		1.017507724		9.295		1.017507724		76.9

		0.998		1.0278063852		9.567		1.0278063852		74.9

		1.018		1.0484037075		9.876		1.0484037075		71.7

		1.046		1.0772399588		10.122		1.0772399588		66.8

		1.088		1.1204943357		10.363		1.1204943357		60.4

		1.146		1.1802265705		10.575		1.1802265705		52.6

		1.228		1.2646755922		10.79		1.2646755922		43.2

		1.334		1.3738414006		10.958		1.3738414006		33.3

		1.494		1.5386199794		11.133		1.5386199794		24.8

		1.704		1.7548918641		11.298		1.7548918641		18

		1.968		2.0267765191		11.422		2.0267765191		12.9

		2.33		2.3995880536		11.558		2.3995880536		9.7

		2.738		2.8197734295		11.669		2.8197734295		7.6

		3.212		3.3079299691		11.774		3.3079299691		5.9

		3.728		3.8393408857		11.855		3.8393408857		4.6

		4.308		4.4366632338		11.929		4.4366632338		3.7

		4.924		5.0710607621		11.993		5.0710607621		3.1

		5.57		5.7363542739		12.047		5.7363542739		0

		6		6.1791967044		12.08		6.1791967044		0
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Sheet12

		DET,				x=0.3906				KOH		KCl=0.01M		Ve1=0.746		Ve2=0.782		Ve3=0.964

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.772		0		0

		0.01		0.010373444		2.773		0.010373444		8.2

		0.02		0.020746888		2.775		0.020746888		13.8

		0.03		0.031120332		2.781		0.031120332		18.4

		0.12		0.1244813278		2.842		0.1244813278		23.4

		0.408		0.4232365145		3.11		0.4232365145		31.6

		0.548		0.5684647303		3.338		0.5684647303		40.1

		0.588		0.6099585062		3.428		0.6099585062		47.3

		0.63		0.653526971		3.538		0.653526971		55

		0.694		0.7199170124		3.815		0.7199170124		61.7

		0.71		0.7365145228		3.916		0.7365145228		66

		0.724		0.7510373444		4.027		0.7510373444		69

		0.74		0.7676348548		4.201		0.7676348548		71.9

		0.752		0.7800829876		4.366		0.7800829876		73.3

		0.764		0.7925311203		4.681		0.7925311203		74.3

		0.774		0.8029045643		4.702		0.8029045643		76.4

		0.784		0.8132780083		5.254		0.8132780083		77.1

		0.794		0.8236514523		5.481		0.8236514523		75.4

		0.804		0.8340248963		5.638		0.8340248963		73.5

		0.814		0.8443983402		5.797		0.8443983402		73.1

		0.842		0.8734439834		6.257		0.8734439834		72.5

		0.87		0.9024896266		6.645		0.9024896266		72

		0.9		0.9336099585		6.965		0.9336099585		74.1

		0.936		0.9709543568		7.673		0.9709543568		77.3

		0.96		0.9958506224		8.74		0.9958506224		79

		0.97		1.0062240664		9.375		1.0062240664		78.4

		0.98		1.0165975104		9.612		1.0165975104		75.8

		0.99		1.0269709544		9.792		1.0269709544		72.5

		1.016		1.0539419087		10.067		1.0539419087		68.7

		1.052		1.0912863071		10.317		1.0912863071		63.2

		1.102		1.143153527		10.543		1.143153527		55.7

		1.172		1.2157676349		10.735		1.2157676349		45.9

		1.276		1.3236514523		10.925		1.3236514523		35.6

		1.418		1.4709543568		11.096		1.4709543568		26.5

		1.614		1.6742738589		11.255		1.6742738589		19.1

		1.872		1.9419087137		11.391		1.9419087137		13.9

		2.212		2.2946058091		11.527		2.2946058091		10.5

		2.608		2.7053941909		11.646		2.7053941909		8

		3.062		3.1763485477		11.745		3.1763485477		6.2

		3.58		3.7136929461		11.835		3.7136929461		4.8

		4.142		4.2966804979		11.91		4.2966804979		3.9

		4.75		4.9273858921		11.974		4.9273858921		3.2

		5.394		5.5954356846		12.034		5.5954356846		0

		6		6.22406639		12.08		6.22406639		0
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Sheet13

		DET,				x=0.3906				KOH		KCl=0.05M		Ve1=0.769		Ve2=0.968

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.75		0		0

		0.01		0.0103305785		2.751		0.0103305785		7.5

		0.02		0.020661157		2.752		0.020661157		13.8

		0.03		0.0309917355		2.759		0.0309917355		18.7

		0.082		0.0847107438		2.795		0.0847107438		22.3

		0.336		0.347107438		2.995		0.347107438		30.5

		0.58		0.5991735537		3.358		0.5991735537		41.4

		0.62		0.6404958678		3.462		0.6404958678		49.6

		0.642		0.6632231405		3.528		0.6632231405		56.5

		0.696		0.7190082645		3.767		0.7190082645		62.3

		0.714		0.7376033058		3.888		0.7376033058		66.7

		0.728		0.7520661157		4.002		0.7520661157		69.8

		0.744		0.7685950413		4.202		0.7685950413		72.5

		0.754		0.7789256198		4.352		0.7789256198		74.8

		0.766		0.791322314		4.676		0.791322314		76

		0.776		0.8016528926		4.966		0.8016528926		76.1

		0.79		0.8161157025		5.332		0.8161157025		75.3

		0.802		0.8285123967		5.559		0.8285123967		74.1

		0.812		0.8388429752		5.735		0.8388429752		73.1

		0.838		0.8657024793		6.116		0.8657024793		71.9

		0.868		0.8966942149		6.461		0.8966942149		71.3

		0.902		0.9318181818		6.876		0.9318181818		73.3

		0.934		0.9648760331		7.354		0.9648760331		76.9

		0.962		0.9938016529		8.448		0.9938016529		79.3

		0.972		1.0041322314		9.168		1.0041322314		79.1

		0.982		1.0144628099		9.456		1.0144628099		76.7

		0.992		1.0247933884		9.664		1.0247933884		73.6

		1.016		1.0495867769		9.968		1.0495867769		70.1

		1.048		1.0826446281		10.214		1.0826446281		64.9

		1.094		1.1301652893		10.44		1.1301652893		57.7

		1.158		1.1962809917		10.643		1.1962809917		48.7

		1.25		1.291322314		10.832		1.291322314		38.7

		1.38		1.4256198347		11.011		1.4256198347		29.5

		1.558		1.6095041322		11.18		1.6095041322		21.8

		1.79		1.8491735537		11.327		1.8491735537		15.7

		2.094		2.1632231405		11.46		2.1632231405		11.5

		2.47		2.5516528926		11.582		2.5516528926		8.7

		2.908		3.0041322314		11.69		3.0041322314		6.7

		3.402		3.5144628099		11.783		3.5144628099		5.3

		3.948		4.0785123967		11.862		4.0785123967		4.2

		4.542		4.6921487603		11.932		4.6921487603		3.5

		5.17		5.3409090909		11.994		5.3409090909		3

		5.824		6.0165289256		12.048		6.0165289256		0

		6		6.1983471074		12.06		6.1983471074		0
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Sheet14

		DET,				x=0.3906				KOH		KCl=0.5M		Ve1=0.769		Ve2=0.967

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.748		0		0

		0.01		0.0103412616		2.748		0.0103412616		6.8

		0.02		0.0206825233		2.75		0.0206825233		12.5

		0.03		0.0310237849		2.755		0.0310237849		17.5

		0.162		0.1675284385		2.846		0.1675284385		23.1

		0.414		0.4281282316		3.078		0.4281282316		31.5

		0.562		0.5811789038		3.317		0.5811789038		40.7

		0.602		0.6225439504		3.408		0.6225439504		48.1

		0.64		0.6618407446		3.521		0.6618407446		54.3

		0.676		0.6990692865		3.664		0.6990692865		59.7

		0.7		0.7238883144		3.789		0.7238883144		64.2

		0.718		0.7425025853		3.922		0.7425025853		67.6

		0.732		0.7569803516		4.05		0.7569803516		70.4

		0.746		0.7714581179		4.223		0.7714581179		72.9

		0.758		0.7838676319		4.429		0.7838676319		74.9

		0.768		0.7942088935		4.692		0.7942088935		75.7

		0.778		0.8045501551		4.952		0.8045501551		75.3

		0.798		0.8252326784		5.355		0.8252326784		74.2

		0.808		0.83557394		5.526		0.83557394		72.9

		0.834		0.8624612203		5.888		0.8624612203		71.6

		0.864		0.8934850052		6.224		0.8934850052		71.1

		0.898		0.9286452947		6.617		0.9286452947		73.3

		0.932		0.9638055843		7.153		0.9638055843		77

		0.96		0.9927611169		8.239		0.9927611169		79.4

		0.97		1.0031023785		8.996		1.0031023785		79.4

		0.98		1.0134436401		9.343		1.0134436401		77.2

		0.99		1.0237849018		9.559		1.0237849018		74

		1.012		1.0465356774		9.843		1.0465356774		70.6

		1.044		1.0796277146		10.121		1.0796277146		66

		1.086		1.1230610134		10.351		1.1230610134		59.6

		1.146		1.1851085832		10.558		1.1851085832		50.8

		1.232		1.2740434333		10.752		1.2740434333		40.7

		1.352		1.3981385729		10.93		1.3981385729		31.1

		1.52		1.5718717684		11.097		1.5718717684		23

		1.744		1.803516029		11.252		1.803516029		16.7

		2.03		2.0992761117		11.385		2.0992761117		12.3

		2.394		2.4756980352		11.513		2.4756980352		9.2

		2.816		2.9120992761		11.621		2.9120992761		7.11

		3.302		3.4146845915		11.717		3.4146845915		5.9

		3.84		3.9710444674		11.804		3.9710444674		4.5

		4.414		4.5646328852		11.875		4.5646328852		3.6

		5.034		5.2057911065		11.937		5.2057911065		0.1

		5.686		5.880041365		11.993		5.880041365		0

		6		6.2047569804		12.017		6.2047569804		0
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Sheet15

		DET,				x=0.3906				KOH		KCl=1M		Ve1=0.77		Ve2=0.973

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.72		0		0

		0.01		0.0102774923		2.719		0.0102774923		9.9

		0.02		0.0205549846		2.723		0.0205549846		14.9

		0.03		0.0308324769		2.728		0.0308324769		19.4

		0.302		0.3103802672		2.927		0.3103802672		27

		0.522		0.5364850976		3.202		0.5364850976		36.5

		0.582		0.5981500514		3.325		0.5981500514		44.4

		0.614		0.6310380267		3.404		0.6310380267		51.4

		0.672		0.690647482		3.598		0.690647482		58.2

		0.702		0.7214799589		3.754		0.7214799589		63.4

		0.716		0.7358684481		3.847		0.7358684481		66.9

		0.732		0.7523124358		3.988		0.7523124358		69.6

		0.746		0.766700925		4.143		0.766700925		72.2

		0.758		0.7790339157		4.329		0.7790339157		74.3

		0.768		0.789311408		4.569		0.789311408		75.2

		0.778		0.7995889003		4.806		0.7995889003		74.9

		0.8		0.8221993834		5.249		0.8221993834		73.8

		0.81		0.8324768756		5.397		0.8324768756		72.4

		0.838		0.8612538541		5.776		0.8612538541		71.3

		0.868		0.8920863309		6.106		0.8920863309		71

		0.904		0.9290853032		6.515		0.9290853032		73.2

		0.938		0.964028777		7.055		0.964028777		76.8

		0.966		0.9928057554		8.1		0.9928057554		79.3

		0.976		1.0030832477		8.825		1.0030832477		79.4

		0.986		1.01336074		9.176		1.01336074		77.3

		0.996		1.0236382323		9.4		1.0236382323		74.9

		1.006		1.0339157246		9.596		1.0339157246		72.9

		1.03		1.0585817061		9.878		1.0585817061		69.7

		1.064		1.0935251799		10.147		1.0935251799		64.9

		1.108		1.1387461459		10.366		1.1387461459		58

		1.172		1.2045220966		10.574		1.2045220966		48.9

		1.262		1.2970195272		10.755		1.2970195272		38.9

		1.394		1.4326824255		10.943		1.4326824255		29.6

		1.566		1.6094552929		11.104		1.6094552929		21.9

		1.8		1.8499486125		11.252		1.8499486125		16

		2.104		2.1623843782		11.395		2.1623843782		11.9

		2.466		2.5344295992		11.513		2.5344295992		9

		2.904		2.9845837616		11.625		2.9845837616		6.9

		3.39		3.4840698869		11.719		3.4840698869		5.5

		3.932		4.0411099692		11.804		4.0411099692		4.4

		4.512		4.6372045221		11.875		4.6372045221		3.6

		5.134		5.2764645427		11.937		5.2764645427		3

		5.786		5.9465570401		11.993		5.9465570401		0

		6		6.1664953751		12.009		6.1664953751		0
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Sheet16

		DET,				x=0.3906				LiOH		KCloM		Ve=0,815

		V, mL		alphaN		pH		alphaN		ERC

		0		0		2.873		0		0

		0.01		0.0122699387		2.874		0.0122699387		6.1

		0.02		0.0245398773		2.875		0.0245398773		11

		0.03		0.036809816		2.878		0.036809816		19

		0.248		0.3042944785		3.102		0.3042944785		29.2

		0.296		0.363190184		3.17		0.363190184		36.1

		0.372		0.4564417178		3.303		0.4564417178		42.3

		0.458		0.5619631902		3.502		0.5619631902		48.8

		0.506		0.6208588957		3.651		0.6208588957		54

		0.536		0.6576687117		3.77		0.6576687117		58.2

		0.564		0.6920245399		3.894		0.6920245399		62.3

		0.606		0.7435582822		4.165		0.7435582822		66.1

		0.62		0.7607361963		4.273		0.7607361963		69.2

		0.638		0.7828220859		4.484		0.7828220859		70.1

		0.65		0.7975460123		4.65		0.7975460123		71.4

		0.662		0.8122699387		4.675		0.8122699387		74.1

		0.672		0.8245398773		5.09		0.8245398773		75

		0.682		0.836809816		5.119		0.836809816		74.9

		0.692		0.8490797546		5.495		0.8490797546		74.1

		0.702		0.8613496933		5.546		0.8613496933		73.6

		0.764		0.9374233129		6.651		0.9374233129		75.9

		0.79		0.9693251534		7.452		0.9693251534		78.9

		0.81		0.9938650307		8.514		0.9938650307		80.8

		0.82		1.0061349693		9.369		1.0061349693		80.2

		0.833		1.0220858896		9.757		1.0220858896		77.2

		0.84		1.0306748466		9.91		1.0306748466		72.9

		0.868		1.0650306748		10.211		1.0650306748		68.1

		0.904		1.109202454		10.439		1.109202454		62.2

		0.958		1.1754601227		10.656		1.1754601227		54

		1.034		1.2687116564		10.86		1.2687116564		44.1

		1.138		1.3963190184		11.028		1.3963190184		33.2

		1.294		1.5877300613		11.193		1.5877300613		23.8

		1.51		1.8527607362		11.343		1.8527607362		16.6

		1.796		2.2036809816		11.47		2.2036809816		11.4

		2.17		2.6625766871		11.581		2.6625766871		8

		2.626		3.2220858896		11.679		3.2220858896		5.8

		3.148		3.8625766871		11.761		3.8625766871		4.2

		3.728		4.5742331288		11.818		4.5742331288		3

		4.382		5.3766871166		11.867		5.3766871166		2.2

		5.072		6.2233128834		11.906		6.2233128834		1.7

		5.792		7.1067484663		11.934		7.1067484663		0

		6		7.3619631902		11.939		7.3619631902		0
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Sheet1

		P+COL, (MET)  6								P+COL + Cr(Ac)3, 0,25 g/L, (MET)  7										P+COL + Cr(Ac)3, 0,25 g/L, (MET)  18										P+COL + CaCl2, 0,01M, (MET)  8

		V, mL		pH		dpH				V, mL		pH		dpH						V, mL		pH		dpH						V, mL		pH		dpH

		0		3.348		0				0		3.469		0						0		3.6		0						0		2.981		0

		0.2		3.354		0.006				0.2		3.47		0.001						1		3.681		0.081						0.2		2.997		0.016

		0.4		3.332		0.022				0.4		3.504		0.034						2		3.752		0.071						0.4		3.013		0.016

		0.6		3.348		0.016				0.6		3.531		0.027						3		3.817		0.065						0.6		3.029		0.016

		0.8		3.366		0.018				0.8		3.553		0.022						4		3.872		0.055						0.8		3.044		0.015

		1		3.386		0.02				1		3.572		0.019						5		3.914		0.042						1		3.063		0.019

		1.2		3.405		0.019				1.2		3.593		0.021						6		3.95		0.036						1.2		3.079		0.016

		1.4		3.423		0.018				1.4		3.631		0.038						7		3.983		0.033						1.4		3.094		0.015

		1.6		3.442		0.019				1.6		3.649		0.018						8		4.012		0.029						1.6		3.11		0.016

		1.8		3.46		0.018				1.8		3.671		0.022						9		4.037		0.025						1.8		3.125		0.015

		2		3.478		0.018				2		3.693		0.022						10		4.061		0.024						2		3.144		0.019

		2.2		3.496		0.018				2.2		3.714		0.021						11		4.083		0.022						2.2		3.158		0.014

		2.4		3.513		0.017				2.4		3.727		0.013						12		4.104		0.021						2.4		3.174		0.016

		2.6		3.53		0.017				2.6		3.746		0.019						13		4.12		0.016						2.6		3.189		0.015

		2.8		3.548		0.018				2.8		3.765		0.019						14		4.139		0.019						2.8		3.207		0.018

		3		3.565		0.017				3		3.777		0.012						15		4.159		0.02						3		3.224		0.017

		3.2		3.582		0.017				3.2		3.792		0.015						16		4.17		0.011						3.2		3.239		0.015

		3.4		3.6		0.018				3.4		3.801		0.009						17		4.188		0.018						3.4		3.256		0.017

		3.6		3.617		0.017				3.6		3.818		0.017						18		4.2		0.012						3.6		3.272		0.016

		3.8		3.634		0.017				3.8		3.831		0.013																3.8		3.287		0.015

		4		3.651		0.017				4		3.842		0.011																4		3.304		0.017

		4.2		3.668		0.017				4.2		3.847		0.005																4.2		3.318		0.014

		4.4		3.685		0.017				4.4		3.858		0.011																4.4		3.333		0.015

		4.6		3.7		0.015				4.6		3.864		0.006																4.6		3.347		0.014

		4.8		3.716		0.016				4.8		3.88		0.016																4.8		3.362		0.015

		5		3.731		0.015				5		3.888		0.008																5		3.377		0.015

		5.2		3.745		0.014				5.2		3.898		0.01																5.2		3.392		0.015

		5.4		3.76		0.015				5.4		3.902		0.004																5.4		3.405		0.013

		5.6		3.773		0.013				5.6		3.913		0.011																5.6		3.42		0.015

		5.8		3.786		0.013				5.8		3.92		0.007																5.8		3.435		0.015

		6		3.8		0.014				6		3.93		0.01																6		3.447		0.012

		6.2		3.812		0.012				6.2		3.936		0.006																6.2		3.461		0.014

		6.4		3.825		0.013				6.4		3.939		0.003																6.4		3.473		0.012

		6.6		3.838		0.013				6.6		3.948		0.009																6.6		3.486		0.013

		6.8		3.853		0.015				6.8		3.955		0.007																6.8		3.501		0.015

		7		3.866		0.013				7		3.961		0.006																7		3.513		0.012

		7.2		3.878		0.012				7.2		3.97		0.009																7.2		3.525		0.012

		7.4		3.89		0.012				7.4		3.972		0.002																7.4		3.537		0.012

		7.6		3.902		0.012				7.6		3.985		0.013																7.6		3.55		0.013

		7.8		3.915		0.013				7.8		3.99		0.005																7.8		3.562		0.012

		8		3.926		0.011				8		3.995		0.005																8		3.574		0.012

		8.2		3.938		0.012				8.2		3.999		0.004																8.2		3.586		0.012

		8.4		3.951		0.013				8.4		4.006		0.007																8.4		3.597		0.011

		8.6		3.961		0.01				8.6		4.014		0.008																8.6		3.609		0.012

		8.8		3.972		0.011				8.8		4.015		0.001																8.8		3.619		0.01

		9		3.984		0.012				9		4.027		0.012																9		3.63		0.011

		9.2		3.994		0.01				9.2		4.023		-0.004																9.2		3.641		0.011

		9.4		4.004		0.01				9.4		4.032		0.009																9.4		3.652		0.011

		9.6		4.015		0.011				9.6		4.041		0.009																9.6		3.663		0.011

		9.8		4.026		0.011				9.8		4.042		0.001																9.8		3.672		0.009

		10		4.035		0.009				10		4.049		0.007																10		3.683		0.011

		10.2		4.047		0.012				10.2		4.052		0.003																10.2		3.694		0.011

		10.4		4.055		0.008				10.4		4.062		0.01																10.4		3.704		0.01

		10.6		4.066		0.011				10.6		4.064		0.002																10.6		3.712		0.008

		10.8		4.074		0.008				10.8		4.072		0.008																10.8		3.723		0.011

		11		4.084		0.01				11		4.071		-0.001																11		3.732		0.009

		11.2		4.092		0.008				11.2		4.075		0.004																11.2		3.742		0.01

		11.4		4.102		0.01				11.4		4.082		0.007																11.4		3.751		0.009

		11.6		4.109		0.007				11.6		4.084		0.002																11.6		3.76		0.009

		11.8		4.118		0.009				11.8		4.091		0.007																11.8		3.768		0.008

		12		4.126		0.008				12		4.094		0.003																12		3.778		0.01

		12.2		4.134		0.008				12.2		4.101		0.007																12.2		3.785		0.007

		12.4		4.143		0.009				12.4		4.101		0																12.4		3.793		0.008

		12.6		4.151		0.008				12.6		4.111		0.01																12.6		3.803		0.01

		12.8		4.158		0.007				12.8		4.111		0																12.8		3.812		0.009

		13		4.166		0.008				13		4.117		0.006																13		3.819		0.007

		13.2		4.173		0.007				13.2		4.123		0.006																13.2		3.827		0.008

		13.4		4.181		0.008				13.4		4.121		-0.002																13.4		3.834		0.007

		13.6		4.19		0.009				13.6		4.128		0.007																13.6		3.842		0.008

		13.8		4.197		0.007				13.8		4.134		0.006																13.8		3.85		0.008

		14		4.203		0.006				14		4.134		0																14		3.858		0.008

		14.2		4.21		0.007				14.2		4.139		0.005																14.2		3.866		0.008

		14.4		4.217		0.007				14.4		4.139		0																14.4		3.873		0.007

		14.6		4.224		0.007				14.6		4.145		0.006																14.6		3.882		0.009

		14.8		4.229		0.005				14.8		4.149		0.004																14.8		3.889		0.007

		15		4.236		0.007				15		4.154		0.005																15		3.896		0.007

		15.2		4.244		0.008				15.2		4.159		0.005																15.2		3.902		0.006

		15.4		4.25		0.006				15.4		4.161		0.002																15.4		3.908		0.006

		15.6		4.256		0.006				15.6		4.165		0.004																15.6		3.914		0.006

		15.8		4.263		0.007				15.8		4.166		0.001																15.8		3.921		0.007

		16		4.268		0.005				16		4.165		-0.001																16		3.927		0.006

		16.2		4.275		0.007				16.2		4.173		0.008																16.2		3.933		0.006

		16.4		4.28		0.005				16.4		4.177		0.004																16.4		3.94		0.007

		16.6		4.286		0.006				16.6		4.18		0.003																16.6		3.947		0.007

		16.8		4.29		0.004				16.8		4.183		0.003																16.8		3.952		0.005

		17		4.296		0.006				17		4.185		0.002																17		3.958		0.006

		17.2		4.301		0.005				17.2		4.188		0.003																17.2		3.964		0.006

		17.4		4.309		0.008				17.4		4.192		0.004																17.4		3.97		0.006

		17.6		4.314		0.005				17.6		4.192		0																17.6		3.975		0.005

		17.8		4.319		0.005				17.8		4.199		0.007																17.8		3.981		0.006

		18		4.324		0.005				18		4.201		0.002																18		3.985		0.004





Chart4

		0		0		0		0		0		0		0		0

		0.05		0.2		0.2		0.2		0.05		0.2		0.2		0.2

		0.1		0.4		0.4		0.4		0.1		0.4		0.4		0.4

		0.15		0.6		0.6		0.6		0.15		0.6		0.6		0.6

		0.2		0.8		0.8		0.8		0.2		0.8		0.8		0.8

		0.25		1		1		1		0.25		1		1		1

		0.3		1.2		1.2		1.2		0.3		1.2		1.2		1.2

		0.35		1.4		1.4		1.4		0.35		1.4		1.4		1.4

		0.4		1.6		1.6		1.6		0.4		1.6		1.6		1.6

		0.45		1.8		1.8		1.8		0.45		1.8		1.8		1.8

		0.5		2		2		2		0.5		2		2		2

		0.55		2.2		2.2		2.2		0.55		2.2		2.2		2.2

		0.6		2.4		2.4		2.4		0.6		2.4		2.4		2.4

		0.65		2.6		2.6		2.6		0.65		2.6		2.6		2.6

		0.7		2.8		2.8		2.8		0.7		2.8		2.8		2.8

		0.75		3		3		3		0.75		3		3		3

		0.8		3.2		3.2		3.2		0.8		3.2		3.2		3.2

		0.85		3.4		3.4		3.4		0.85		3.4		3.4		3.4

		0.9		3.6		3.6		3.6		0.9		3.6		3.6		3.6

		0.95		3.8		3.8		3.8		0.95		3.8		3.8		3.8

		1		4		4		4		1		4		4		4

		1.05		4.2		4.2		4.2		1.05		4.2		4.2		4.2

		1.1		4.4		4.4		4.4		1.1		4.4		4.4		4.4

		1.15		4.6		4.6		4.6		1.15		4.6		4.6		4.6

		1.2		4.8		4.8		4.8		1.2		4.8		4.8		4.8

		1.25		5		5		5		1.25		5		5		5

		1.3		5.2		5.2		5.2		1.3		5.2		5.2		5.2

		1.35		5.4		5.4		5.4		1.35		5.4		5.4		5.4

		1.4		5.6		5.6		5.6		1.4		5.6		5.6		5.6

		1.45		5.8		5.8		5.8		1.45		5.8		5.8		5.8

		1.5		6		6		6		1.5		6		6		6

		1.55		6.2		6.2		6.2		1.55		6.2		6.2		6.2

		1.6		6.4		6.4		6.4		1.6		6.4		6.4		6.4

		1.65		6.6		6.6		6.6		1.65		6.6		6.6		6.6

		1.7		6.8		6.8		6.8		1.7		6.8		6.8		6.8

		1.75		7		7		7		1.75		7		7		7

		1.8		7.2		7.2		7.2		1.8		7.2		7.2		7.2

		1.85		7.4		7.4		7.4		1.85		7.4		7.4		7.4

		1.9		7.6		7.6		7.6		1.9		7.6		7.6		7.6

		1.95		7.8		7.8		7.8		1.95		7.8		7.8		7.8

		2		8		8		8		2		8		8		8

				8.2		8.2		8.2				8.2		8.2		8.2

				8.4		8.4		8.4				8.4		8.4		8.4

				8.6		8.6		8.6				8.6		8.6		8.6

				8.8		8.8		8.8				8.8		8.8		8.8

				9		9		9				9		9		9

				9.2		9.2		9.2				9.2		9.2		9.2

				9.4		9.4		9.4				9.4		9.4		9.4

				9.6		9.6		9.6				9.6		9.6		9.6

				9.8		9.8		9.8				9.8		9.8		9.8

				10		10		10				10		10		10

				10.2		10.2		10.2				10.2		10.2		10.2

				10.4		10.4		10.4				10.4		10.4		10.4

				10.6		10.6		10.6				10.6		10.6		10.6

				10.8		10.8		10.8				10.8		10.8		10.8

				11		11		11				11		11		11

				11.2		11.2		11.2				11.2		11.2		11.2

				11.4		11.4		11.4				11.4		11.4		11.4

				11.6		11.6		11.6				11.6		11.6		11.6

				11.8		11.8		11.8				11.8		11.8		11.8

				12		12		12				12		12		12

				12.2		12.2		12.2				12.2		12.2		12.2

				12.4		12.4		12.4				12.4		12.4		12.4

				12.6		12.6		12.6				12.6		12.6		12.6

				12.8		12.8		12.8				12.8		12.8		12.8

				13		13		13				13		13		13

				13.2		13.2		13.2				13.2		13.2		13.2

				13.4		13.4		13.4				13.4		13.4		13.4

				13.6		13.6		13.6				13.6		13.6		13.6

				13.8		13.8		13.8				13.8		13.8		13.8

				14		14		14				14		14		14

				14.2		14.2		14.2				14.2		14.2		14.2

				14.4		14.4		14.4				14.4		14.4		14.4

				14.6		14.6		14.6				14.6		14.6		14.6

				14.8		14.8		14.8				14.8		14.8		14.8

				15		15		15				15		15		15

				15.2		15.2		15.2				15.2		15.2		15.2

				15.4		15.4		15.4				15.4		15.4		15.4

				15.6		15.6		15.6				15.6		15.6		15.6

				15.8		15.8		15.8				15.8		15.8		15.8

				16		16		16				16		16		16

				16.2		16.2		16.2				16.2		16.2		16.2

				16.4		16.4		16.4				16.4		16.4		16.4

				16.6		16.6		16.6				16.6		16.6		16.6

				16.8		16.8		16.8				16.8		16.8		16.8

				17		17		17				17		17		17

				17.2		17.2		17.2				17.2		17.2		17.2

				17.4		17.4		17.4				17.4		17.4		17.4

				17.6		17.6		17.6				17.6		17.6		17.6

				17.8		17.8		17.8				17.8		17.8		17.8

				18		18		18				18		18		18



dpH

P+KOH,  pH

P+KOH+Cr(Ac)3, 0,297g/L,  pH

P+KOH+Cr(Ac)3, 0,743g/L,  pH

P+KOH+Cr(Ac)3, 1,486g/L,  pH

P+KOH,  dpH

P+KOH+Cr(Ac)3, 0,297g/L,  dpH

P+KOH+Cr(Ac)3, 0,743g/L,  dpH

P+KOH+Cr(Ac)3, 1,486g/L,  dpH

VKOH, mL

pH

3.202

3.372

3.456

3.701

0

0

0

0

3.234

3.7

3.879

4.023

0.032

0.328

0.423

0.322

3.319

4.267

4.319

4.363

0.085

0.567

0.44

0.34

3.395

4.777

4.805

4.714

0.076

0.51

0.486

0.351

3.495

5.354

5.458

5.153

0.1

0.577

0.653

0.439

3.629

6.139

6.313

5.77

0.134

0.785

0.855

0.617

3.792

7.297

7.441

6.548

0.163

1.158

1.128

0.778

3.967

9.043

8.541

7.484

0.175

1.746

1.1

0.936

4.136

10.055

9.289

8.335

0.169

1.012

0.748

0.851

4.311

10.414

9.727

8.844

0.175

0.359

0.438

0.509

4.507

10.628

9.981

9.16

0.196

0.214

0.254

0.316

4.705

10.779

10.151

9.387

0.198

0.151

0.17

0.227

4.929

10.898

10.28

9.554

0.234

0.119

0.129

0.167

5.191

10.991

10.388

9.679

0.262

0.093

0.108

0.125

5.495

11.071

10.491

9.778

0.304

0.08

0.103

0.099

5.827

11.145

10.597

9.859

0.332

0.074

0.106

0.081

6.156

11.213

10.699

9.934

0.329

0.068

0.102

0.075

6.497

11.274

10.798

10.001

0.341

0.061

0.099

0.067

6.894

11.329

10.891

10.076

0.397

0.055

0.093

0.075

7.427

11.38

10.979

10.155

0.533

0.051

0.088

0.079

8.114

11.427

11.059

10.239

0.687

0.047

0.08

0.084

8.793

11.47

11.134

10.329

0.679

0.043

0.075

0.09

9.325

11.51

11.202

10.425

0.532

0.04

0.068

0.096

9.644

11.547

11.264

10.525

0.319

0.037

0.062

0.1

9.837

11.581

11.319

10.63

0.193

0.034

0.055

0.105

9.984

11.612

11.369

10.732

0.147

0.031

0.05

0.102

10.107

11.642

11.415

10.83

0.123

0.03

0.046

0.098

10.213

11.67

11.457

10.922

0.106

0.028

0.042

0.092

10.305

11.696

11.496

11.007

0.092

0.026

0.039

0.085

10.386

11.72

11.531

11.084

0.081

0.024

0.035

0.077

10.457

11.743

11.564

11.154

0.071

0.023

0.033

0.07

10.523

11.767

11.594

11.216

0.066

0.024

0.03

0.062

10.584

11.787

11.623

11.272

0.061

0.02

0.029

0.056

10.639

11.807

11.649

11.323

0.055

0.02

0.026

0.051

10.689

11.826

11.675

11.37

0.05

0.019

0.026

0.047

10.734

11.844

11.699

11.411

0.045

0.018

0.024

0.041

10.775

11.862

11.722

11.451

0.041

0.018

0.023

0.04

10.814

11.878

11.743

11487

0.039

0.016

0.021

0.036

10.849

11.894

11.766

11.52

0.035

0.016

0.023

0.033

10.882

11.909

11.784

11.552

0.033

0.015

0.018

0.032

10.911

11.924

11.803

11.581

0.029

0.015

0.019

0.029

11.938

11.821

11.608

0.014

0.018

0.027

11.951

11.839

11.633

0.013

0.018

0.025

11.964

11.854

11.657

0.013

0.015

0.024

11.977

11.87

11.68

0.013

0.016

0.023

11.988

11.885

11.702

0.011

0.015

0.022

12

11.9

11.723

0.012

0.015

0.021

12.012

11.913

11.743

0.012

0.013

0.02

12.023

11.927

11.763

0.011

0.014

0.02

12.033

11.939

11.781

0.01

0.012

0.018

12.044

11.952

11.798

0.011

0.013

0.017

12.054

11.963

11.814

0.01

0.011

0.016

12.063

11.975

11.83

0.009

0.012

0.016

12.073

11.987

11.845

0.01

0.012

0.015

12.082

11.997

11.859

0.009

0.01

0.014

12.091

12.008

11.873

0.009

0.011

0.014

12.1

12.017

11.887

0.009

0.009

0.014

12.108

12.027

11.9

0.008

0.01

0.013

12.117

12.037

11.912

0.009

0.01

0.012

12.125

12.046

11.924

0.008

0.009

0.012

12.132

12.055

11.937

0.007

0.009

0.013

12.14

12.064

11.947

0.008

0.009

0.01

12.147

12.072

11.958

0.007

0.008

0.011

12.154

12.08

11.968

0.007

0.008

0.01

12.161

12.088

11.978

0.007

0.008

0.01

12.168

12.097

11.989

0.007

0.009

0.011

12.174

12.104

11.999

0.006

0.007

0.01

12.181

12.111

12.008

0.007

0.007

0.009

12.187

12.118

12.017

0.006

0.007

0.009

12.193

12.126

12.026

0.006

0.008

0.009

12.199

12.133

12.034

0.006

0.007

0.008

12.205

12.139

12.043

0.006

0.006

0.009

12.211

12.146

12.052

0.006

0.007

0.009

12.216

12.152

12.059

0.005

0.006

0.007

12.222

12.158

12.066

0.006

0.006

0.007

12.227

12.164

12.074

0.005

0.006

0.008

12.232

12.17

12.081

0.005

0.006

0.007

12.237

12.176

12.089

0.005

0.006

0.008

12.242

12.182

12.096

0.005

0.006

0.007

12.247

12.188

12.103

0.005

0.006

0.007

12.252

12.193

12.109

0.005

0.005

0.006

12.256

12.198

12.116

0.004

0.005

0.007

12.261

12.203

12.121

0.005

0.005

0.005

12.265

12.208

12.128

0.004

0.005

0.007

12.269

12.213

12.133

0.004

0.005

0.005

12.273

12.218

12.139

0.004

0.005

0.006

12.278

12.223

12.145

0.005

0.005

0.006

12.282

12.228

12.151

0.004

0.005

0.006

12.287

12.232

12.155

0.005

0.004

0.004

12.29

12.236

12.161

0.003

0.004

0.006

12.294

12.241

12.166

0.004

0.005

0.005



Sheet2

		P+KOH (MET),  9										P+KOH (MET),  11												COL+KOH (MET), 10										COL+KOH+Cr(Ac)3, 0,1g/L (MET), 23										COL+KOH+Cr(Ac)3, 0,25g/L (MET), 27										COL+KOH+Cr(Ac)3, 0,5g/L (MET), 26										COL+HCl, 0,1N  25

		V, mL		pH		dpH		EP1=0,223 mL				V, mL		alpha N		pH		dpH		EP1=0,334 mL				V, mL		pH		dpH		EP1=0,334 mL				V, mL		pH		dpH		EP1=0,801 mL				V, mL		pH		dpH		EP1=0,694 mL				V, mL		pH		dpH		EP1=1,036 mL				V, mL		pH		dpH		EP1=0,278 mL

		0		3.091		0		EP2=0,326 mL				0		0		3.202		0		EP2=0,746 mL				0		4.773		0		EP2=0,746 mL				0		4.783		0		EP2=2,089 mL				0		4.835		0						0		4.817		0		EP2=6,682 mL				0		4.873		0

		0.05		3.185		0.094		EP3=1,019 mL				0.05		0.0500500501		3.234		0.032		EP3=0,999 mL				0.5		5.486		0.713		EP3=0,999 mL				0.2		4.997		0.214						0.1		4.96		0.125						0.2		4.995		0.178						0.2		4.611		-0.262

		0.1		3.301		0.116						0.1		0.1001001001		3.319		0.085						1		7.837		2.351						0.4		5.382		0.385						0.2		5.127		0.167						0.4		5.276		0.281						0.4		4.312		-0.299

		0.15		3.429		0.128						0.15		0.1501501502		3.395		0.076						1.5		8.917		1.08						0.6		5.967		0.585						0.3		5.326		0.199						0.6		5.641		0.365						0.6		4.066		-0.246

		0.2		3.594		0.165						0.2		0.2002002002		3.495		0.1						2		9.449		0.532						0.8		7.004		1.037						0.4		5.589		0.263						0.8		6.146		0.505						0.8		3.852		-0.214

		0.25		3.785		0.191						0.25		0.2502502503		3.629		0.134						2.5		10.004		0.555						1		8.056		1.052						0.5		5.918		0.329						1		6.884		0.738						1		3.661		-0.191

		0.3		3.947		0.162						0.3		0.3003003003		3.792		0.163						3		10.59		0.586						1.2		8.545		0.489						0.6		6.328		0.41						1.2		7.719		0.835						1.2		3.488		-0.173

		0.35		4.14		0.193						0.35		0.3503503504		3.967		0.175						3.5		11.013		0.423						1.4		8.819		0.274						0.7		6.849		0.521						1.4		8.259		0.54						1.4		3.325		-0.163

		0.4		4.308		0.168						0.4		0.4004004004		4.136		0.169						4		11.273		0.26						1.6		9.04		0.221						0.8		7.36		0.511						1.6		8.55		0.291						1.6		3.175		-0.15

		0.45		4.484		0.176						0.45		0.4504504505		4.311		0.175						4.5		11.445		0.172						1.8		9.235		0.195						0.9		7.755		0.395						1.8		8.74		0.19						1.8		3.032		-0.143

		0.5		4.621		0.137						0.5		0.5005005005		4.507		0.196						5		11.561		0.116						2		9.407		0.172						1		8.019		0.264						2		8.888		0.148						2		2.918		-0.114

		0.55		4.775		0.154						0.55		0.5505505506		4.705		0.198						5.5		11.656		0.095						2.2		9.593		0.186						1.1		8.205		0.186						2.2		9.011		0.123						2.2		2.818		-0.1

		0.6		4.989		0.214						0.6		0.6006006006		4.929		0.234						6		11.734		0.078						2.4		9.762		0.169						1.2		8.341		0.136						2.4		9.12		0.109						2.4		2.726		-0.092

		0.65		5.227		0.238						0.65		0.6506506507		5.191		0.262						6.5		11.801		0.067						2.6		9.915		0.153						1.3		8.46		0.119						2.6		9.215		0.095						2.6		2.65		-0.076

		0.7		5.493		0.266						0.7		0.7007007007		5.495		0.304						7		11.855		0.054						2.8		10.073		0.158						1.4		8.569		0.109						2.8		9.301		0.086						2.8		2.577		-0.073

		0.75		5.772		0.279						0.75		0.7507507508		5.827		0.332						7.5		11.902		0.047						3		10.207		0.134						1.5		8.656		0.087						3		9.377		0.076						3		2.515		-0.062

		0.8		6.059		0.287						0.8		0.8008008008		6.156		0.329						8		11.946		0.044						3.2		10.346		0.139						1.6		8.716		0.06						3.2		9.437		0.06						3.2		2.459		-0.056

		0.85		6.362		0.303						0.85		0.8508508509		6.497		0.341						8.5		11.983		0.037						3.4		10.469		0.123						1.7		8.773		0.057						3.4		9.494		0.057						3.4		2.414		-0.045

		0.9		6.717		0.355						0.9		0.9009009009		6.894		0.397						9		12.019		0.036						3.6		10.59		0.121						1.8		8.846		0.073						3.6		9.54		0.046						3.6		2.366		-0.048

		0.95		7.169		0.452						0.95		0.950950951		7.427		0.533						9.5		12.048		0.029						3.8		10.706		0.116						1.9		8.864		0.018						3.8		9.585		0.045						3.8		2.328		-0.038

		1		7.803		0.634						1		1.001001001		8.114		0.687						10		12.077		0.029						4		10.823		0.117						2		8.912		0.048						4		9.627		0.042						4		2.292		-0.036

		1.05		8.493		0.69						1.05		1.0510510511		8.793		0.679						10.5		12.104		0.027						4.2		10.934		0.111						2.1		8.951		0.039						4.2		9.67		0.043						4.2		2.256		-0.036

		1.1		9.095		0.602						1.1		1.1011011011		9.325		0.532						11		12.126		0.022						4.4		11.039		0.105						2.2		8.99		0.039						4.4		9.713		0.043						4.4		2.225		-0.031

		1.15		9.504		0.409						1.15		1.1511511512		9.644		0.319						11.5		12.149		0.023						4.6		11.131		0.092						2.3		9.026		0.036						4.6		9.759		0.046						4.6		2.196		-0.029

		1.2		9.759		0.255						1.2		1.2012012012		9.837		0.193						12		12.17		0.021						4.8		11.221		0.09						2.4		9.057		0.031						4.8		9.805		0.046						4.8		2.167		-0.029

		1.25		9.929		0.17						1.25		1.2512512513		9.984		0.147						12.5		12.186		0.016						5		11.294		0.073						2.5		9.104		0.047						5		9.857		0.052						5		2.143		-0.024

		1.3		10.062		0.133						1.3		1.3013013013		10.107		0.123						13		12.204		0.016						5.2		11.358		0.064						2.6		9.123		0.019						5.2		9.917		0.06						5.2		2.122		-0.021

		1.35		10.173		0.111						1.35		1.3513513514		10.213		0.106						13.5		12.222		0.018						5.4		11.419		0.061						2.7		9.16		0.037						5.4		9.982		0.065						5.4		2.099		-0.023

		1.4		10.268		0.095						1.4		1.4014014014		10.305		0.092						14		12.236		0.014						5.6		11.471		0.052						2.8		9.19		0.03						5.6		10.054		0.072						5.6		2.075		-0.024

		1.45		10.353		0.085						1.45		1.4514514515		10.386		0.081						14.5		12.249		0.013						5.8		11.517		0.046						2.9		9.221		0.031						5.8		10.134		0.08						5.8		2.057		-0.018

		1.5		10.429		0.076						1.5		1.5015015015		10.457		0.071						15		12.264		0.015						6		11.561		0.044						3		9.257		0.036						6		10.222		0.088						6		2.036		-0.021

		1.55		10.494		0.065						1.55		1.5515515516		10.523		0.066						15.5		12.278		0.014						6.2		11.597		0.036						3.1		9.297		0.04						6.2		10.319		0.097						6.2		2.018		-0.018

		1.6		10.551		0.057						1.6		1.6016016016		10.584		0.061						16		12.291		0.013						6.4		11.634		0.037						3.2		9.332		0.035						6.4		10.423		0.104						6.4		2.002		-0.016

		1.65		10.607		0.056						1.65		1.6516516517		10.639		0.055						16.5		12.301		0.01						6.6		11.663		0.029						3.3		9.369		0.037						6.6		10.528		0.105						6.6		1.985		-0.017

		1.7		10.656		0.049						1.7		1.7017017017		10.689		0.05						17		12.311		0.01						6.8		11.695		0.032						3.4		9.413		0.044						6.8		10.638		0.11						6.8		1.968		-0.017

		1.75		10.702		0.046						1.75		1.7517517518		10.734		0.045						17.5		12.312		0.001						7		11.722		0.027						3.5		9.451		0.038						7		10.741		0.103						7		1.953		-0.015

		1.8		10.744		0.042						1.8		1.8018018018		10.775		0.041						18		12.324		0.012						7.2		11.75		0.028						3.6		9.495		0.044						7.2		10.842		0.101						7.2		1.939		-0.014

		1.85		10.779		0.035						1.85		1.8518518519		10.814		0.039						18.5		12.333		0.009						7.4		11.775		0.025						3.7		9.54		0.045						7.4		10.936		0.094						7.4		1.927		-0.012

		1.9		10.811		0.032						1.9		1.9019019019		10.849		0.035						19		12.343		0.01						7.6		11.799		0.024						3.8		9.597		0.057						7.6		11.022		0.086						7.6		1.913		-0.014

		1.95		10.845		0.034						1.95		1.951951952		10.882		0.033						19.5		12.352		0.009						7.8		11.821		0.022						3.9		9.652		0.055						7.8		11.099		0.077						7.8		1.899		-0.014

		2		10.876		0.031						2		2.002002002		10.911		0.029						20		12.36		0.008						8		11.843		0.022						4		9.7		0.048						8		11.172		0.073						8		1.886		-0.013

																																		8.2		11.86		0.017																8.2		11.233		0.061						8.2		1.873		-0.013

																																		8.4		11.878		0.018																8.4		11.292		0.059						8.4		1.865		-0.008

																																		8.6		11.897		0.019																8.6		11.342		0.05						8.6		1.853		-0.012

																																		8.8		11.915		0.018																8.8		11.387		0.045						8.8		1.842		-0.011

																																		9		11.929		0.014																9		11.431		0.044						9		1.833		-0.009

																																		9.2		11.945		0.016																9.2		11.467		0.036						9.2		1.823		-0.01

																																		9.4		11.961		0.016																9.4		11.505		0.038						9.4		1.812		-0.011

																																		9.6		11.976		0.015																9.6		11.538		0.033						9.6		1.803		-0.009

																																		9.8		11.989		0.013																9.8		11.569		0.031						9.8		1.794		-0.009

																																		10		12.003		0.014																10		11.597		0.028						10		1.786		-0.008

																																		10.2		12.015		0.012																10.2		11.624		0.027						10.2		1.775		-0.011

																																		10.4		12.027		0.012																10.4		11.648		0.024						10.4		1.768		-0.007

																																		10.6		12.04		0.013																10.6		11.67		0.022						10.6		1.757		-0.011

																																		10.8		12.05		0.01																10.8		11.692		0.022						10.8		1.751		-0.006

																																		11		12.061		0.011																11		11.712		0.02						11		1.746		-0.005

																																		11.2		12.07		0.009																11.2		11.731		0.019						11.2		1.737		-0.009

																																		11.4		12.082		0.012																11.4		11.751		0.02						11.4		1.73		-0.007

																																		11.6		12.092		0.01																11.6		11.771		0.02						11.6		1.721		-0.009

																																		11.8		12.101		0.009																11.8		11.788		0.017						11.8		1.716		-0.005

																																		12		12.11		0.009																12		11.803		0.015						12		1.708		-0.008

																																		12.2		12.118		0.008																12.2		11.819		0.016						12.2		1.703		-0.005

																																		12.4		12.126		0.008																12.4		11.833		0.014						12.4		1.696		-0.007

																																		12.6		12.136		0.01																12.6		11.846		0.013						12.6		1.69		-0.006

																																		12.8		12.144		0.008																12.8		11.86		0.014						12.8		1.685		-0.005

																																		13		12.15		0.006																13		11.874		0.014						13		1.678		-0.007

																																		13.2		12.159		0.009																13.2		11.886		0.012						13.2		1.673		-0.005

																																		13.4		12.166		0.007																13.4		11.898		0.012						13.4		1.667		-0.006

																																		13.6		12.176		0.01																13.6		11.91		0.012						13.6		1.661		-0.006

																																		13.8		12.182		0.006																13.8		11.922		0.012						13.8		1.656		-0.005

																																		14		12.189		0.007																14		11.932		0.01						14		1.649		-0.007

																																		14.2		12.196		0.007																14.2		11.943		0.011						14.2		1.645		-0.004

																																		14.4		12.202		0.006																14.4		11.953		0.01						14.4		1.64		-0.005

																																		14.6		12.209		0.007																14.6		11.963		0.01						14.6		1.636		-0.004

																																		14.8		12.215		0.006																14.8		11.974		0.011						14.8		1.63		-0.006

																																		15		12.221		0.006																15		11.983		0.009						15		1.625		-0.005

																																		15.2		12.227		0.006																15.2		11.992		0.009						15.2		1.62		-0.005

																																		15.4		12.233		0.006																15.4		12.001		0.009						15.4		1.616		-0.004

																																		15.6		12.238		0.005																15.6		12.009		0.008						15.6		1.612		-0.004

																																		15.8		12.244		0.006																15.8		12.017		0.008						15.8		1.607		-0.005

																																		16		12.25		0.006																16		12.025		0.008						16		1.603		-0.004

																																		16.2		12.255		0.005																16.2		12.034		0.009						16.2		1.598		-0.005

																																		16.4		12.26		0.005																16.4		12.041		0.007						16.4		1.594		-0.004

																																		16.6		12.265		0.005																16.6		12.049		0.008						16.6		1.59		-0.004

																																		16.8		12.269		0.004																16.8		12.056		0.007						16.8		1.586		-0.004

																																		17		12.276		0.007																17		12.063		0.007						17		1.583		-0.003

																																		17.2		12.28		0.004																17.2		12.07		0.007						17.2		1.579		-0.004

																																		17.4		12.285		0.005																17.4		12.077		0.007						17.4		1.576		-0.003

																																		17.6		12.289		0.004																17.6		12.082		0.005						17.6		1.572		-0.004

																																		17.8		12.293		0.004																17.8		12.089		0.007						17.8		1.568		-0.004

																																		18		12.297		0.004																18		12.095		0.006						18		1.565		-0.003





Sheet3

		P+KOH + Cr(Ac)3, 0,1 g/L, (MET)  20												P+KOH + Cr(Ac)3, 0,25 g/L, (MET)  21												P+KOH + Cr(Ac)3, 0,5 g/L, (MET)  22

		V, mL		alpha N		pH		dpH		EP1=0,377 mL				V, mL		alpha N		pH		dpH		EP1=1,187 mL				V, mL		alpha N		pH		dpH		EP1=1,335 mL

		0		0		3.372		0		EP2=1,279 mL				0		0		3.456		0						0		0		3.701		0		EP2=4,726 mL

		0.2		0.1563721658		3.7		0.328						0.2		0.1684919966		3.879		0.423						0.2		0.0423190859		4.023		0.322

		0.4		0.3127443315		4.267		0.567						0.4		0.3369839933		4.319		0.44						0.4		0.0846381718		4.363		0.34

		0.6		0.4691164973		4.777		0.51						0.6		0.5054759899		4.805		0.486						0.6		0.1269572577		4.714		0.351

		0.8		0.625488663		5.354		0.577						0.8		0.6739679865		5.458		0.653						0.8		0.1692763436		5.153		0.439

		1		0.7818608288		6.139		0.785						1		0.8424599832		6.313		0.855						1		0.2115954295		5.77		0.617

		1.2		0.9382329945		7.297		1.158						1.2		1.0109519798		7.441		1.128						1.2		0.2539145154		6.548		0.778

		1.4		1.0946051603		9.043		1.746						1.4		1.1794439764		8.541		1.1						1.4		0.2962336014		7.484		0.936

		1.6		1.250977326		10.055		1.012						1.6		1.347935973		9.289		0.748						1.6		0.3385526873		8.335		0.851

		1.8		1.4073494918		10.414		0.359						1.8		1.5164279697		9.727		0.438						1.8		0.3808717732		8.844		0.509

		2		1.5637216575		10.628		0.214						2		1.6849199663		9.981		0.254						2		0.4231908591		9.16		0.316

		2.2		1.7200938233		10.779		0.151						2.2		1.8534119629		10.151		0.17						2.2		0.465509945		9.387		0.227

		2.4		1.8764659891		10.898		0.119						2.4		2.0219039596		10.28		0.129						2.4		0.5078290309		9.554		0.167

		2.6		2.0328381548		10.991		0.093						2.6		2.1903959562		10.388		0.108						2.6		0.5501481168		9.679		0.125

		2.8		2.1892103206		11.071		0.08						2.8		2.3588879528		10.491		0.103						2.8		0.5924672027		9.778		0.099

		3		2.3455824863		11.145		0.074						3		2.5273799495		10.597		0.106						3		0.6347862886		9.859		0.081

		3.2		2.5019546521		11.213		0.068						3.2		2.6958719461		10.699		0.102						3.2		0.6771053745		9.934		0.075

		3.4		2.6583268178		11.274		0.061						3.4		2.8643639427		10.798		0.099						3.4		0.7194244604		10.001		0.067

		3.6		2.8146989836		11.329		0.055						3.6		3.0328559393		10.891		0.093						3.6		0.7617435463		10.076		0.075

		3.8		2.9710711493		11.38		0.051						3.8		3.201347936		10.979		0.088						3.8		0.8040626322		10.155		0.079

		4		3.1274433151		11.427		0.047						4		3.3698399326		11.059		0.08						4		0.8463817182		10.239		0.084

		4.2		3.2838154808		11.47		0.043						4.2		3.5383319292		11.134		0.075						4.2		0.8887008041		10.329		0.09

		4.4		3.4401876466		11.51		0.04						4.4		3.7068239259		11.202		0.068						4.4		0.93101989		10.425		0.096

		4.6		3.5965598124		11.547		0.037						4.6		3.8753159225		11.264		0.062						4.6		0.9733389759		10.525		0.1

		4.8		3.7529319781		11.581		0.034						4.8		4.0438079191		11.319		0.055						4.8		1.0156580618		10.63		0.105

		5		3.9093041439		11.612		0.031						5		4.2122999158		11.369		0.05						5		1.0579771477		10.732		0.102

		5.2		4.0656763096		11.642		0.03						5.2		4.3807919124		11.415		0.046						5.2		1.1002962336		10.83		0.098

		5.4		4.2220484754		11.67		0.028						5.4		4.549283909		11.457		0.042						5.4		1.1426153195		10.922		0.092

		5.6		4.3784206411		11.696		0.026						5.6		4.7177759056		11.496		0.039						5.6		1.1849344054		11.007		0.085

		5.8		4.5347928069		11.72		0.024						5.8		4.8862679023		11.531		0.035						5.8		1.2272534913		11.084		0.077

		6		4.6911649726		11.743		0.023						6		5.0547598989		11.564		0.033						6		1.2695725772		11.154		0.07

		6.2		4.8475371384		11.767		0.024						6.2		5.2232518955		11.594		0.03						6.2		1.3118916631		11.216		0.062

		6.4		5.0039093041		11.787		0.02						6.4		5.3917438922		11.623		0.029						6.4		1.354210749		11.272		0.056

		6.6		5.1602814699		11.807		0.02						6.6		5.5602358888		11.649		0.026						6.6		1.396529835		11.323		0.051

		6.8		5.3166536357		11.826		0.019						6.8		5.7287278854		11.675		0.026						6.8		1.4388489209		11.37		0.047

		7		5.4730258014		11.844		0.018						7		5.8972198821		11.699		0.024						7		1.4811680068		11.411		0.041

		7.2		5.6293979672		11.862		0.018						7.2		6.0657118787		11.722		0.023						7.2		1.5234870927		11.451		0.04

		7.4		5.7857701329		11.878		0.016						7.4		6.2342038753		11.743		0.021						7.4		1.5658061786		11,487		0.036

		7.6		5.9421422987		11.894		0.016						7.6		6.4026958719		11.766		0.023						7.6		1.6081252645		11.52		0.033

		7.8		6.0985144644		11.909		0.015						7.8		6.5711878686		11.784		0.018						7.8		1.6504443504		11.552		0.032

		8		6.2548866302		11.924		0.015						8		6.7396798652		11.803		0.019						8		1.6927634363		11.581		0.029

		8.2		6.4112587959		11.938		0.014						8.2		6.9081718618		11.821		0.018						8.2		1.7350825222		11.608		0.027

		8.4		6.5676309617		11.951		0.013						8.4		7.0766638585		11.839		0.018						8.4		1.7774016081		11.633		0.025

		8.6		6.7240031274		11.964		0.013						8.6		7.2451558551		11.854		0.015						8.6		1.819720694		11.657		0.024

		8.8		6.8803752932		11.977		0.013						8.8		7.4136478517		11.87		0.016						8.8		1.8620397799		11.68		0.023

		9		7.036747459		11.988		0.011						9		7.5821398484		11.885		0.015						9		1.9043588658		11.702		0.022

		9.2		7.1931196247		12		0.012						9.2		7.750631845		11.9		0.015						9.2		1.9466779518		11.723		0.021

		9.4		7.3494917905		12.012		0.012						9.4		7.9191238416		11.913		0.013						9.4		1.9889970377		11.743		0.02

		9.6		7.5058639562		12.023		0.011						9.6		8.0876158382		11.927		0.014						9.6		2.0313161236		11.763		0.02

		9.8		7.662236122		12.033		0.01						9.8		8.2561078349		11.939		0.012						9.8		2.0736352095		11.781		0.018

		10		7.8186082877		12.044		0.011						10		8.4245998315		11.952		0.013						10		2.1159542954		11.798		0.017

		10.2		7.9749804535		12.054		0.01						10.2		8.5930918281		11.963		0.011						10.2		2.1582733813		11.814		0.016

		10.4		8.1313526192		12.063		0.009						10.4		8.7615838248		11.975		0.012						10.4		2.2005924672		11.83		0.016

		10.6		8.287724785		12.073		0.01						10.6		8.9300758214		11.987		0.012						10.6		2.2429115531		11.845		0.015

		10.8		8.4440969507		12.082		0.009						10.8		9.098567818		11.997		0.01						10.8		2.285230639		11.859		0.014

		11		8.6004691165		12.091		0.009						11		9.2670598147		12.008		0.011						11		2.3275497249		11.873		0.014

		11.2		8.7568412823		12.1		0.009						11.2		9.4355518113		12.017		0.009						11.2		2.3698688108		11.887		0.014

		11.4		8.913213448		12.108		0.008						11.4		9.6040438079		12.027		0.01						11.4		2.4121878967		11.9		0.013

		11.6		9.0695856138		12.117		0.009						11.6		9.7725358045		12.037		0.01						11.6		2.4545069826		11.912		0.012

		11.8		9.2259577795		12.125		0.008						11.8		9.9410278012		12.046		0.009						11.8		2.4968260686		11.924		0.012

		12		9.3823299453		12.132		0.007						12		10.1095197978		12.055		0.009						12		2.5391451545		11.937		0.013

		12.2		9.538702111		12.14		0.008						12.2		10.2780117944		12.064		0.009						12.2		2.5814642404		11.947		0.01

		12.4		9.6950742768		12.147		0.007						12.4		10.4465037911		12.072		0.008						12.4		2.6237833263		11.958		0.011

		12.6		9.8514464425		12.154		0.007						12.6		10.6149957877		12.08		0.008						12.6		2.6661024122		11.968		0.01

		12.8		10.0078186083		12.161		0.007						12.8		10.7834877843		12.088		0.008						12.8		2.7084214981		11.978		0.01

		13		10.164190774		12.168		0.007						13		10.951979781		12.097		0.009						13		2.750740584		11.989		0.011

		13.2		10.3205629398		12.174		0.006						13.2		11.1204717776		12.104		0.007						13.2		2.7930596699		11.999		0.01

		13.4		10.4769351056		12.181		0.007						13.4		11.2889637742		12.111		0.007						13.4		2.8353787558		12.008		0.009

		13.6		10.6333072713		12.187		0.006						13.6		11.4574557709		12.118		0.007						13.6		2.8776978417		12.017		0.009

		13.8		10.7896794371		12.193		0.006						13.8		11.6259477675		12.126		0.008						13.8		2.9200169276		12.026		0.009

		14		10.9460516028		12.199		0.006						14		11.7944397641		12.133		0.007						14		2.9623360135		12.034		0.008

		14.2		11.1024237686		12.205		0.006						14.2		11.9629317607		12.139		0.006						14.2		3.0046550994		12.043		0.009

		14.4		11.2587959343		12.211		0.006						14.4		12.1314237574		12.146		0.007						14.4		3.0469741854		12.052		0.009

		14.6		11.4151681001		12.216		0.005						14.6		12.299915754		12.152		0.006						14.6		3.0892932713		12.059		0.007

		14.8		11.5715402658		12.222		0.006						14.8		12.4684077506		12.158		0.006						14.8		3.1316123572		12.066		0.007

		15		11.7279124316		12.227		0.005						15		12.6368997473		12.164		0.006						15		3.1739314431		12.074		0.008

		15.2		11.8842845973		12.232		0.005						15.2		12.8053917439		12.17		0.006						15.2		3.216250529		12.081		0.007

		15.4		12.0406567631		12.237		0.005						15.4		12.9738837405		12.176		0.006						15.4		3.2585696149		12.089		0.008

		15.6		12.1970289289		12.242		0.005						15.6		13.1423757372		12.182		0.006						15.6		3.3008887008		12.096		0.007

		15.8		12.3534010946		12.247		0.005						15.8		13.3108677338		12.188		0.006						15.8		3.3432077867		12.103		0.007

		16		12.5097732604		12.252		0.005						16		13.4793597304		12.193		0.005						16		3.3855268726		12.109		0.006

		16.2		12.6661454261		12.256		0.004						16.2		13.647851727		12.198		0.005						16.2		3.4278459585		12.116		0.007

		16.4		12.8225175919		12.261		0.005						16.4		13.8163437237		12.203		0.005						16.4		3.4701650444		12.121		0.005

		16.6		12.9788897576		12.265		0.004						16.6		13.9848357203		12.208		0.005						16.6		3.5124841303		12.128		0.007

		16.8		13.1352619234		12.269		0.004						16.8		14.1533277169		12.213		0.005						16.8		3.5548032163		12.133		0.005

		17		13.2916340891		12.273		0.004						17		14.3218197136		12.218		0.005						17		3.5971223022		12.139		0.006

		17.2		13.4480062549		12.278		0.005						17.2		14.4903117102		12.223		0.005						17.2		3.6394413881		12.145		0.006

		17.4		13.6043784206		12.282		0.004						17.4		14.6588037068		12.228		0.005						17.4		3.681760474		12.151		0.006

		17.6		13.7607505864		12.287		0.005						17.6		14.8272957035		12.232		0.004						17.6		3.7240795599		12.155		0.004

		17.8		13.9171227522		12.29		0.003						17.8		14.9957877001		12.236		0.004						17.8		3.7663986458		12.161		0.006

		18		14.0734949179		12.294		0.004						18		15.1642796967		12.241		0.005						18		3.8087177317		12.166		0.005
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		2.8		2.8		2.8

		3		3		3

		3.2		3.2		3.2

		3.4		3.4		3.4

		3.6		3.6		3.6

		3.8		3.8		3.8

		4		4		4

		4.2		4.2		4.2

		4.4		4.4		4.4

		4.6		4.6		4.6

		4.8		4.8		4.8

		5		5		5

		5.2		5.2		5.2

		5.4		5.4		5.4

		5.6		5.6		5.6

		5.8		5.8		5.8

		6		6		6

		6.2		6.2		6.2

		6.4		6.4		6.4

		6.6		6.6		6.6

		6.8		6.8		6.8

		7		7		7

		7.2		7.2		7.2

		7.4		7.4		7.4

		7.6		7.6		7.6

		7.8		7.8		7.8

		8		8		8

		8.2		8.2		8.2

		8.4		8.4		8.4

		8.6		8.6		8.6

		8.8		8.8		8.8

		9		9		9

		9.2		9.2		9.2

		9.4		9.4		9.4

		9.6		9.6		9.6

		9.8		9.8		9.8

		10		10		10

		10.2		10.2		10.2

		10.4		10.4		10.4

		10.6		10.6		10.6

		10.8		10.8		10.8

		11		11		11

		11.2		11.2		11.2

		11.4		11.4		11.4

		11.6		11.6		11.6

		11.8		11.8		11.8

		12		12		12

		12.2		12.2		12.2

		12.4		12.4		12.4

		12.6		12.6		12.6

		12.8		12.8		12.8

		13		13		13

		13.2		13.2		13.2

		13.4		13.4		13.4

		13.6		13.6		13.6

		13.8		13.8		13.8

		14		14		14

		14.2		14.2		14.2

		14.4		14.4		14.4

		14.6		14.6		14.6

		14.8		14.8		14.8

		15		15		15

		15.2		15.2		15.2

		15.4		15.4		15.4

		15.6		15.6		15.6

		15.8		15.8		15.8

		16		16		16

		16.2		16.2		16.2

		16.4		16.4		16.4

		16.6		16.6		16.6

		16.8		16.8		16.8

		17		17		17

		17.2		17.2		17.2

		17.4		17.4		17.4

		17.6		17.6		17.6

		17.8		17.8		17.8

		18		18		18



P+COL

P+COL+CaCl2, 0,01M

P+COL+Cr(Ac)3, 0,743g/L

Vcolagen, mL

T, %

99.6

99.8

99.9

99.2

98.8

99.7

98.2

93.5

99.6

96.1

89

99.5

93.4

79.9

99.5

88.9

72.4

99.4

81.4

66.4

99.4

73.5

62.4

99.3

59.6

59.3

99.3

56.6

58.4

99.2

50.1

57.3

99.1

39.1

56.6

98.5

35.1

55.9

98.2

27.4

55.4

97.3

20.4

55.1

94.7

14.3

54.8

93.3

10.3

54.5

90.7

8.4

54.4

87.1

8.3

54.4

83

9.9

53.6

78

12.3

53.6

72.2

15.1

53.9

65

17.8

54

58.9

20.2

54.4

50

22.2

54.8

42.3

23.7

55

34

25.3

55.1

27.9

26.6

55.1

25.7

27.5

55.2

26.6

28.8

55.4

30

30.5

56

33.4

31.3

56.4

36.4

32

56.8

39

32.7

56.9

41.3

33.4

57

43.2

34

57.4

44.9

34.5

57.7

46.7

34.9

58

48.2

35.7

58.6

49.3

36.2

58.8

50.5

36.2

59.2

51.5

36.7

59.6

52.5

36.9

59.8

53.2

37.8

60.3

53.9

38.2

60.4

54.3

38.7

60.7

55.1

39.1

61.2

55.5

39.4

61.4

55.8

39.8

61.8

56.4

40.3

61.9

56.7

41.1

62.4

57.4

42.5

63.1

58.7

42.8

63.3

59

43

63.5

59.3

43.5

63.6

59.5

43.6

63.7

59.6

43.8

63.9

60

44

64

60.1

44.3

64.1

60.2

44.5

64.3

60.5

44.7

64.6

60.6

44.8

64.6

60.7

44.9

64.7

61.1

45.4

65

61.4

45.7

65.2

61.5

46.1

65.4

61.7

46.2

65.6

61.8

46.4

65.9

62.2

46.6

66.1

62.4

47

66.2

62.5

47.1

66.4

62.7

47.3

66.6

62.9

47.5

66.8

63

48.1

67.2

63.2

48.2

67.3

63.4

48.4

67.4

63.5

48.5

67.7

63.7

48.7

67.9

63.9

48.9

68.1

64.1

49.3

68.4

64.3

49.5

68.6

64.4

49.8

68.8

64.6

50.2

69

64.8

50.5

69.2

65

50.7

69.3

65.2

50.9

69.5

65.3

51

69.6

65.3

51.3

69.8

65.5

51.4

70

65.7

51.7

70.2

65.8

52

70.3

65.9



Sheet1

		

		V, mL		T, %				V, mL		T, %				V, mL		T, %				V, mL		T, %				V, mL		T, %

		0		99.9				0		99.3				0		99.9				0		99.6				0		99.9

		0.2		99.4				0.2		98.6				0.2		99.7				0.2		99.2				0.2		99.7

		0.4		98.8				0.4		95.5				0.4		99.5				0.4		98.2				0.4		99.6

		0.6		97.7				0.6		93.8				0.6		99.3				0.6		96.1				0.6		99.5

		0.8		94.5				0.8		92.6				0.8		99.2				0.8		93.4				0.8		99.5

		1		89.5				1		83.8				1		99.1				1		88.9				1		99.4

		1.2		81.6				1.2		81.6				1.2		99				1.2		81.4				1.2		99.4

		1.4		74				1.4		73.9				1.4		98.8				1.4		73.5				1.4		99.3

		1.6		65.1				1.6		65.7				1.6		98.5				1.6		59.6				1.6		99.3

		1.8		57.3				1.8		57.9				1.8		98.4				1.8		56.6				1.8		99.2

		2		50				2		50.6				2		98.1				2		50.1				2		99.1

		2.2		42.9				2.2		43.7				2.2		97.2				2.2		39.1				2.2		98.5

		2.4		35.9				2.4		37.1				2.4		96.3				2.4		35.1				2.4		98.2

		2.6		28.7				2.6		27.3				2.6		94.7				2.6		27.4				2.6		97.3

		2.8		23.4				2.8		24.5				2.8		93.2				2.8		20.4				2.8		94.7

		3		18.2				3		19.6				3		91.2				3		14.3				3		93.3

		3.2		12.8				3.2		15.6				3.2		87.1				3.2		10.3				3.2		90.7

		3.4		10.4				3.4		11.2				3.4		85.2				3.4		8.4				3.4		87.1

		3.6		8.3				3.6		9				3.6		81.6				3.6		8.3				3.6		83

		3.8		7.2				3.8		7.7				3.8		77.6				3.8		9.9				3.8		78

		4		6.9				4		7.4				4		73				4		12.3				4		72.2

		4.2		7.2				4.2		7.9				4.2		68.4				4.2		15.1				4.2		65

		4.4		8				4.4		9.1				4.4		63.7				4.4		17.8				4.4		58.9

		4.6		9.3				4.6		10.5				4.6		57.3				4.6		20.2				4.6		50

		4.8		11.3				4.8		12.2				4.8		51.3				4.8		22.2				4.8		42.3

		5		12.4				5		14.1				5		47.8				5		23.7				5		34

		5.2		14.2				5.2		15.9				5.2		42.3				5.2		25.3				5.2		27.9

		5.4		15.8				5.4		17.5				5.4		36.5				5.4		26.6				5.4		25.7

		5.6		17.4				5.6		19				5.6		32.4				5.6		27.5				5.6		26.6

		5.8		18.7				5.8		20.1				5.8		28.3				5.8		28.8				5.8		30

		6		20				6		21.2				6		24.8				6		30.5				6		33.4

		6.2		21				6.2		22.1				6.2		22.3				6.2		31.3				6.2		36.4

		6.4		22.2				6.4		22.9				6.4		20.9				6.4		32				6.4		39

		6.6		23.1				6.6		23.7				6.6		20.5				6.6		32.7				6.6		41.3

		6.8		23.8				6.8		24.4				6.8		21.2				6.8		33.4				6.8		43.2

		7		24.8				7		25				7		22.6				7		34				7		44.9

		7.2		25.5				7.2		25.7				7.2		24.5				7.2		34.5				7.2		46.7

		7.4		26.4				7.4		26.3				7.4		27				7.4		34.9				7.4		48.2

		7.6		27.5				7.6		27.2				7.6		29.2				7.6		35.7				7.6		49.3

		7.8		28.2				7.8		27.7				7.8		32.1				7.8		36.2				7.8		50.5

		8		29				8		28.4				8		34				8		36.2				8		51.5

		8.2		29.9				8.2		29				8.2		36.2				8.2		36.7				8.2		52.5

		8.4		30.8				8.4		29.5				8.4		37.9				8.4		36.9				8.4		53.2

		8.6		31.5				8.6		30				8.6		39.6				8.6		37.8				8.6		53.9

		8.8		32.3				8.8		30.7				8.8		41				8.8		38.2				8.8		54.3

		9		33.3				9		31.4				9		42.6				9		38.7				9		55.1

		9.2		34.3				9.2		32.1				9.2		43.6				9.2		39.1				9.2		55.5

		9.4		34.6				9.4		32.6				9.4		44.8				9.4		39.4				9.4		55.8

		9.6		35.6				9.6		33.2				9.6		45.4				9.6		39.8				9.6		56.4

		9.8		36.6				9.8		33.5				9.8		46.3				9.8		40.3				9.8		56.7

		10		37.2				10		33.9				10		48.2				10		41.1				10		57.4

		10.2		39.5				10.2		35.4				10.2		51				10.2		42.5				10.2		58.7

		10.4		40.3				10.4		35.7				10.4		51.7				10.4		42.8				10.4		59

		10.6		41				10.6		36.1				10.6		52.5				10.6		43				10.6		59.3

		10.8		41.7				10.8		36.6				10.8		52.8				10.8		43.5				10.8		59.5

		11		42.3				11		37				11		53.7				11		43.6				11		59.6

		11.2		42.7				11.2		37.2				11.2		55				11.2		43.8				11.2		60

		11.4		43.6				11.4		37.7				11.4		55.4				11.4		44				11.4		60.1

		11.6		43.8				11.6		38				11.6		56				11.6		44.3				11.6		60.2

		11.8		44.8				11.8		38.2				11.8		56.8				11.8		44.5				11.8		60.5

		12		45.4				12		38.6				12		57				12		44.7				12		60.6

		12.2		45.8				12.2		39				12.2		57.3				12.2		44.8				12.2		60.7

		12.4		46.1				12.4		39.4				12.4		57.9				12.4		44.9				12.4		61.1

		12.6		47				12.6		39.8				12.6		58.3				12.6		45.4				12.6		61.4

		12.8		47.5				12.8		39.9				12.8		58.5				12.8		45.7				12.8		61.5

		13		48				13		40.3				13		58.9				13		46.1				13		61.7

		13.2		48.4				13.2		41				13.2		59.3				13.2		46.2				13.2		61.8

		13.4		49				13.4		41.3				13.4		59.7				13.4		46.4				13.4		62.2

		13.6		49.7				13.6		41.6				13.6		60				13.6		46.6				13.6		62.4

		13.8		49.8				13.8		41.9				13.8		60.3				13.8		47				13.8		62.5

		14		50.1				14		42.2				14		60.7				14		47.1				14		62.7

		14.2		51.1				14.2		42.5				14.2		61				14.2		47.3				14.2		62.9

		14.4		51.4				14.4		42.9				14.4		61.2				14.4		47.5				14.4		63

		14.6		51.6				14.6		43.3				14.6		61.6				14.6		48.1				14.6		63.2

		14.8		52.2				14.8		43.6				14.8		61.8				14.8		48.2				14.8		63.4

		15		52.9				15		43.7				15		62				15		48.4				15		63.5

		15.2		53.1				15.2		44				15.2		62.4				15.2		48.5				15.2		63.7

		15.4		53.8				15.4		44.6				15.4		62.6				15.4		48.7				15.4		63.9

		15.6		53.8				15.6		44.8				15.6		63.1				15.6		48.9				15.6		64.1

		15.8		54.6				15.8		45				15.8		63.4				15.8		49.3				15.8		64.3

		16		55.1				16		45.3				16		63.5				16		49.5				16		64.4

		16.2		55.5				16.2		45.6				16.2		63.6				16.2		49.8				16.2		64.6

		16.4		55.9				16.4		46				16.4		64				16.4		50.2				16.4		64.8

		16.6		56.5				16.6		46.2				16.6		64.4				16.6		50.5				16.6		65

		16.8		56.8				16.8		46.4				16.8		64.5				16.8		50.7				16.8		65.2

		17		57.2				17		46.6				17		64.7				17		50.9				17		65.3

		17.2		57.6				17.2		47.2				17.2		65.1				17.2		51				17.2		65.3

		17.4		57.8				17.4		47.7				17.4		65.2				17.4		51.3				17.4		65.5

		17.6		58.3				17.6		47.8				17.6		65.6				17.6		51.4				17.6		65.7

		17.8		58.6				17.8		47.9				17.8		65.7				17.8		51.7				17.8		65.8

		18		59				18		48.2				18		65.9				18		52				18		65.9





Sheet2

		

		V, mL		T, %				V, mL		T, %				V, mL		T, %				V, mL		T, %				V, mL		T, %				V, mL		T, %

		0		99.8				0		99.9				0		99.9				0		99.9				0		99.8				0		99.9

		0.2		98.8				0.2		99.9				0.2		99.9				0.2		99.9				0.2		99.8				0.2		99.9

		0.4		93.5				0.4		99.9				0.4		99.9				0.4		99.9				0.4		99.8				0.4		99.9

		0.6		89				0.6		99.9				0.6		99.9				0.6		100				0.6		99.9				0.6		99.9

		0.8		79.9				0.8		99.9				0.8		99.9				0.8		100				0.8		99.9				0.8		100

		1		72.4				1		99.9				1		99.9				1		100				1		99.9				1		100

		1.2		66.4				1.2		99.9				1.2		99.9				1.2		100.1				1.2		100				1.2		100

		1.4		62.4				1.4		99.9				1.4		99.9				1.4		100.1				1.4		100				1.4		100

		1.6		59.3				1.6		99.9				1.6		99.9				1.6		100.2				1.6		100				1.6		100

		1.8		58.4				1.8		99.9				1.8		99.9				1.8		100.2				1.8		100				1.8		100

		2		57.3				2		99.9				2		99.9				2		100.2				2		100				2		100

		2.2		56.6				2.2		99.9				2.2		99.9				2.2		100.2				2.2		100				2.2		100

		2.4		55.9				2.4		99.9				2.4		99.9				2.4		100.2				2.4		100				2.4		100

		2.6		55.4				2.6		99.9				2.6		99.9				2.6		100.3				2.6		100				2.6		100

		2.8		55.1				2.8		99.9				2.8		99.9				2.8		100.3				2.8		100.1				2.8		100.1

		3		54.8				3		99.9				3		99.8				3		100.3				3		100.1				3		100.2

		3.2		54.5				3.2		99.9				3.2		99.9				3.2		100.3				3.2		100.1				3.2		100.2

		3.4		54.4				3.4		99.9				3.4		99.9				3.4		100.3				3.4		100.1				3.4		100.2

		3.6		54.4				3.6		99.9				3.6		99.9				3.6		100.3				3.6		100.2				3.6		100.2

		3.8		53.6				3.8		99.9				3.8		99.9				3.8		100.3				3.8		100.2				3.8		100.2

		4		53.6				4		99.8				4		99.9				4		100.4				4		100.2				4		100.2
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		5.2		55.1				5.2		97.7				5.2		100.1				5.2		100.5				5.2		100.3				5.2		100.2

		5.4		55.1				5.4		96.7				5.4		100.1				5.4		100.5				5.4		100.3				5.4		100.2
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		7.8		58.8				7.8		58.9				7.8		98.5				7.8		100.7				7.8		100.6				7.8		100.2

		8		59.2				8		55				8		97.9				8		100.7				8		100.6				8		100.2
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		8.4		59.8				8.4		50.9				8.4		96.2				8.4		100.7				8.4		100.6				8.4		100.2
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		9.6		61.8				9.6		58.1				9.6		86.5				9.6		99.7				9.6		100.7				9.6		100.2

		9.8		61.9				9.8		59.8				9.8		84.5				9.8		99.1				9.8		100.8				9.8		100.2

		10		62.4				10		63.1				10		81.4				10		98.3				10		100.8				10		100.2
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		12.2		64.6				12.2		70.5				12.2		76.2				12.2		84.7				12.2		101				12.2		100.3
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Sheet1

		

		V, mL		T, %				V, mL		T, %				V, mL		T, %				V, mL		T, %				V, mL		T, %

		0		99.9				0		99.3				0		99.9				0		99.6				0		99.9

		0.2		99.4				0.2		98.6				0.2		99.7				0.2		99.2				0.2		99.7

		0.4		98.8				0.4		95.5				0.4		99.5				0.4		98.2				0.4		99.6

		0.6		97.7				0.6		93.8				0.6		99.3				0.6		96.1				0.6		99.5

		0.8		94.5				0.8		92.6				0.8		99.2				0.8		93.4				0.8		99.5

		1		89.5				1		83.8				1		99.1				1		88.9				1		99.4

		1.2		81.6				1.2		81.6				1.2		99				1.2		81.4				1.2		99.4

		1.4		74				1.4		73.9				1.4		98.8				1.4		73.5				1.4		99.3

		1.6		65.1				1.6		65.7				1.6		98.5				1.6		59.6				1.6		99.3

		1.8		57.3				1.8		57.9				1.8		98.4				1.8		56.6				1.8		99.2

		2		50				2		50.6				2		98.1				2		50.1				2		99.1

		2.2		42.9				2.2		43.7				2.2		97.2				2.2		39.1				2.2		98.5

		2.4		35.9				2.4		37.1				2.4		96.3				2.4		35.1				2.4		98.2

		2.6		28.7				2.6		27.3				2.6		94.7				2.6		27.4				2.6		97.3

		2.8		23.4				2.8		24.5				2.8		93.2				2.8		20.4				2.8		94.7

		3		18.2				3		19.6				3		91.2				3		14.3				3		93.3

		3.2		12.8				3.2		15.6				3.2		87.1				3.2		10.3				3.2		90.7

		3.4		10.4				3.4		11.2				3.4		85.2				3.4		8.4				3.4		87.1

		3.6		8.3				3.6		9				3.6		81.6				3.6		8.3				3.6		83

		3.8		7.2				3.8		7.7				3.8		77.6				3.8		9.9				3.8		78

		4		6.9				4		7.4				4		73				4		12.3				4		72.2

		4.2		7.2				4.2		7.9				4.2		68.4				4.2		15.1				4.2		65

		4.4		8				4.4		9.1				4.4		63.7				4.4		17.8				4.4		58.9

		4.6		9.3				4.6		10.5				4.6		57.3				4.6		20.2				4.6		50

		4.8		11.3				4.8		12.2				4.8		51.3				4.8		22.2				4.8		42.3

		5		12.4				5		14.1				5		47.8				5		23.7				5		34

		5.2		14.2				5.2		15.9				5.2		42.3				5.2		25.3				5.2		27.9

		5.4		15.8				5.4		17.5				5.4		36.5				5.4		26.6				5.4		25.7

		5.6		17.4				5.6		19				5.6		32.4				5.6		27.5				5.6		26.6

		5.8		18.7				5.8		20.1				5.8		28.3				5.8		28.8				5.8		30

		6		20				6		21.2				6		24.8				6		30.5				6		33.4

		6.2		21				6.2		22.1				6.2		22.3				6.2		31.3				6.2		36.4

		6.4		22.2				6.4		22.9				6.4		20.9				6.4		32				6.4		39

		6.6		23.1				6.6		23.7				6.6		20.5				6.6		32.7				6.6		41.3

		6.8		23.8				6.8		24.4				6.8		21.2				6.8		33.4				6.8		43.2

		7		24.8				7		25				7		22.6				7		34				7		44.9

		7.2		25.5				7.2		25.7				7.2		24.5				7.2		34.5				7.2		46.7

		7.4		26.4				7.4		26.3				7.4		27				7.4		34.9				7.4		48.2

		7.6		27.5				7.6		27.2				7.6		29.2				7.6		35.7				7.6		49.3

		7.8		28.2				7.8		27.7				7.8		32.1				7.8		36.2				7.8		50.5

		8		29				8		28.4				8		34				8		36.2				8		51.5

		8.2		29.9				8.2		29				8.2		36.2				8.2		36.7				8.2		52.5

		8.4		30.8				8.4		29.5				8.4		37.9				8.4		36.9				8.4		53.2

		8.6		31.5				8.6		30				8.6		39.6				8.6		37.8				8.6		53.9

		8.8		32.3				8.8		30.7				8.8		41				8.8		38.2				8.8		54.3

		9		33.3				9		31.4				9		42.6				9		38.7				9		55.1

		9.2		34.3				9.2		32.1				9.2		43.6				9.2		39.1				9.2		55.5

		9.4		34.6				9.4		32.6				9.4		44.8				9.4		39.4				9.4		55.8

		9.6		35.6				9.6		33.2				9.6		45.4				9.6		39.8				9.6		56.4

		9.8		36.6				9.8		33.5				9.8		46.3				9.8		40.3				9.8		56.7

		10		37.2				10		33.9				10		48.2				10		41.1				10		57.4

		10.2		39.5				10.2		35.4				10.2		51				10.2		42.5				10.2		58.7

		10.4		40.3				10.4		35.7				10.4		51.7				10.4		42.8				10.4		59

		10.6		41				10.6		36.1				10.6		52.5				10.6		43				10.6		59.3

		10.8		41.7				10.8		36.6				10.8		52.8				10.8		43.5				10.8		59.5

		11		42.3				11		37				11		53.7				11		43.6				11		59.6

		11.2		42.7				11.2		37.2				11.2		55				11.2		43.8				11.2		60

		11.4		43.6				11.4		37.7				11.4		55.4				11.4		44				11.4		60.1

		11.6		43.8				11.6		38				11.6		56				11.6		44.3				11.6		60.2

		11.8		44.8				11.8		38.2				11.8		56.8				11.8		44.5				11.8		60.5

		12		45.4				12		38.6				12		57				12		44.7				12		60.6

		12.2		45.8				12.2		39				12.2		57.3				12.2		44.8				12.2		60.7

		12.4		46.1				12.4		39.4				12.4		57.9				12.4		44.9				12.4		61.1

		12.6		47				12.6		39.8				12.6		58.3				12.6		45.4				12.6		61.4

		12.8		47.5				12.8		39.9				12.8		58.5				12.8		45.7				12.8		61.5

		13		48				13		40.3				13		58.9				13		46.1				13		61.7

		13.2		48.4				13.2		41				13.2		59.3				13.2		46.2				13.2		61.8

		13.4		49				13.4		41.3				13.4		59.7				13.4		46.4				13.4		62.2

		13.6		49.7				13.6		41.6				13.6		60				13.6		46.6				13.6		62.4

		13.8		49.8				13.8		41.9				13.8		60.3				13.8		47				13.8		62.5

		14		50.1				14		42.2				14		60.7				14		47.1				14		62.7

		14.2		51.1				14.2		42.5				14.2		61				14.2		47.3				14.2		62.9

		14.4		51.4				14.4		42.9				14.4		61.2				14.4		47.5				14.4		63

		14.6		51.6				14.6		43.3				14.6		61.6				14.6		48.1				14.6		63.2

		14.8		52.2				14.8		43.6				14.8		61.8				14.8		48.2				14.8		63.4

		15		52.9				15		43.7				15		62				15		48.4				15		63.5

		15.2		53.1				15.2		44				15.2		62.4				15.2		48.5				15.2		63.7

		15.4		53.8				15.4		44.6				15.4		62.6				15.4		48.7				15.4		63.9

		15.6		53.8				15.6		44.8				15.6		63.1				15.6		48.9				15.6		64.1

		15.8		54.6				15.8		45				15.8		63.4				15.8		49.3				15.8		64.3

		16		55.1				16		45.3				16		63.5				16		49.5				16		64.4

		16.2		55.5				16.2		45.6				16.2		63.6				16.2		49.8				16.2		64.6

		16.4		55.9				16.4		46				16.4		64				16.4		50.2				16.4		64.8

		16.6		56.5				16.6		46.2				16.6		64.4				16.6		50.5				16.6		65

		16.8		56.8				16.8		46.4				16.8		64.5				16.8		50.7				16.8		65.2

		17		57.2				17		46.6				17		64.7				17		50.9				17		65.3

		17.2		57.6				17.2		47.2				17.2		65.1				17.2		51				17.2		65.3

		17.4		57.8				17.4		47.7				17.4		65.2				17.4		51.3				17.4		65.5

		17.6		58.3				17.6		47.8				17.6		65.6				17.6		51.4				17.6		65.7

		17.8		58.6				17.8		47.9				17.8		65.7				17.8		51.7				17.8		65.8

		18		59				18		48.2				18		65.9				18		52				18		65.9





Sheet2

		

		V, mL		T, %				V, mL		T, %				V, mL		T, %				V, mL		T, %				V, mL		T, %				V, mL		T, %

		0		99.8				0		99.9				0		99.9				0		99.9				0		99.8				0		99.9

		0.2		98.8				0.2		99.9				0.2		99.9				0.2		99.9				0.2		99.8				0.2		99.9

		0.4		93.5				0.4		99.9				0.4		99.9				0.4		99.9				0.4		99.8				0.4		99.9

		0.6		89				0.6		99.9				0.6		99.9				0.6		100				0.6		99.9				0.6		99.9

		0.8		79.9				0.8		99.9				0.8		99.9				0.8		100				0.8		99.9				0.8		100

		1		72.4				1		99.9				1		99.9				1		100				1		99.9				1		100

		1.2		66.4				1.2		99.9				1.2		99.9				1.2		100.1				1.2		100				1.2		100

		1.4		62.4				1.4		99.9				1.4		99.9				1.4		100.1				1.4		100				1.4		100

		1.6		59.3				1.6		99.9				1.6		99.9				1.6		100.2				1.6		100				1.6		100

		1.8		58.4				1.8		99.9				1.8		99.9				1.8		100.2				1.8		100				1.8		100

		2		57.3				2		99.9				2		99.9				2		100.2				2		100				2		100

		2.2		56.6				2.2		99.9				2.2		99.9				2.2		100.2				2.2		100				2.2		100

		2.4		55.9				2.4		99.9				2.4		99.9				2.4		100.2				2.4		100				2.4		100

		2.6		55.4				2.6		99.9				2.6		99.9				2.6		100.3				2.6		100				2.6		100

		2.8		55.1				2.8		99.9				2.8		99.9				2.8		100.3				2.8		100.1				2.8		100.1

		3		54.8				3		99.9				3		99.8				3		100.3				3		100.1				3		100.2

		3.2		54.5				3.2		99.9				3.2		99.9				3.2		100.3				3.2		100.1				3.2		100.2

		3.4		54.4				3.4		99.9				3.4		99.9				3.4		100.3				3.4		100.1				3.4		100.2

		3.6		54.4				3.6		99.9				3.6		99.9				3.6		100.3				3.6		100.2				3.6		100.2

		3.8		53.6				3.8		99.9				3.8		99.9				3.8		100.3				3.8		100.2				3.8		100.2

		4		53.6				4		99.8				4		99.9				4		100.4				4		100.2				4		100.2

		4.2		53.9				4.2		99.8				4.2		100				4.2		100.4				4.2		100.2				4.2		100.2

		4.4		54				4.4		99.6				4.4		99.9				4.4		100.4				4.4		100.2				4.4		100.2

		4.6		54.4				4.6		99.4				4.6		99.9				4.6		100.5				4.6		100.3				4.6		100.2

		4.8		54.8				4.8		99				4.8		100.1				4.8		100.5				4.8		100.3				4.8		100.2

		5		55				5		98.4				5		100.1				5		100.5				5		100.3				5		100.2

		5.2		55.1				5.2		97.7				5.2		100.1				5.2		100.5				5.2		100.3				5.2		100.2

		5.4		55.1				5.4		96.7				5.4		100.1				5.4		100.5				5.4		100.3				5.4		100.2

		5.6		55.2				5.6		95.6				5.6		100.1				5.6		100.5				5.6		100.3				5.6		100.2

		5.8		55.4				5.8		93.8				5.8		100.1				5.8		100.5				5.8		100.4				5.8		100.2

		6		56				6		92				6		100.1				6		100.6				6		100.4				6		100.2

		6.2		56.4				6.2		89.9				6.2		100.1				6.2		100.6				6.2		100.4				6.2		100.2

		6.4		56.8				6.4		86.9				6.4		100.1				6.4		100.6				6.4		100.4				6.4		100.2

		6.6		56.9				6.6		84.3				6.6		100.1				6.6		100.6				6.6		100.5				6.6		100.2

		6.8		57				6.8		80.8				6.8		100				6.8		100.6				6.8		100.5				6.8		100.2

		7		57.4				7		76.3				7		99.9				7		100.6				7		100.5				7		100.2

		7.2		57.7				7.2		72.6				7.2		99.7				7.2		100.6				7.2		100.5				7.2		100.2

		7.4		58				7.4		68				7.4		99.4				7.4		100.7				7.4		100.6				7.4		100.2

		7.6		58.6				7.6		63.2				7.6		99				7.6		100.7				7.6		100.6				7.6		100.2

		7.8		58.8				7.8		58.9				7.8		98.5				7.8		100.7				7.8		100.6				7.8		100.2

		8		59.2				8		55				8		97.9				8		100.7				8		100.6				8		100.2

		8.2		59.6				8.2		52.4				8.2		97				8.2		100.7				8.2		100.6				8.2		100.2

		8.4		59.8				8.4		50.9				8.4		96.2				8.4		100.7				8.4		100.6				8.4		100.2

		8.6		60.3				8.6		50.6				8.6		95.1				8.6		100.7				8.6		100.6				8.6		100.2

		8.8		60.4				8.8		51.3				8.8		93.8				8.8		100.7				8.8		100.7				8.8		100.2

		9		60.7				9		52.6				9		92.2				9		100.6				9		100.7				9		100.2

		9.2		61.2				9.2		54.2				9.2		90.6				9.2		100.4				9.2		100.7				9.2		100.2

		9.4		61.4				9.4		56.2				9.4		88.5				9.4		100.1				9.4		100.7				9.4		100.2

		9.6		61.8				9.6		58.1				9.6		86.5				9.6		99.7				9.6		100.7				9.6		100.2

		9.8		61.9				9.8		59.8				9.8		84.5				9.8		99.1				9.8		100.8				9.8		100.2

		10		62.4				10		63.1				10		81.4				10		98.3				10		100.8				10		100.2

		10.2		63.1				10.2		64.8				10.2		79.4				10.2		97.3				10.2		100.8				10.2		100.2

		10.4		63.3				10.4		65.9				10.4		78				10.4		96.4				10.4		100.9				10.4		100.2

		10.6		63.5				10.6		66.7				10.6		76.8				10.6		95.3				10.6		100.9				10.6		100.2

		10.8		63.6				10.8		67.4				10.8		75.8				10.8		94				10.8		100.9				10.8		100.2

		11		63.7				11		68				11		75.2				11		92.8				11		100.9				11		100.2

		11.2		63.9				11.2		68.5				11.2		74.9				11.2		91.4				11.2		101				11.2		100.2

		11.4		64				11.4		69.1				11.4		74.9				11.4		89.9				11.4		101				11.4		100.3

		11.6		64.1				11.6		69.4				11.6		75				11.6		88.5				11.6		101				11.6		100.3

		11.8		64.3				11.8		69.9				11.8		75.3				11.8		87				11.8		101				11.8		100.3

		12		64.6				12		70.1				12		75.8				12		85.7				12		101				12		100.3

		12.2		64.6				12.2		70.5				12.2		76.2				12.2		84.7				12.2		101				12.2		100.3

		12.4		64.7				12.4		70.7				12.4		76.8				12.4		83.7				12.4		101				12.4		100.3

		12.6		65				12.6		70.9				12.6		77.2				12.6		83.1				12.6		101				12.6		100.3

		12.8		65.2				12.8		71.1				12.8		77.7				12.8		82.6				12.8		101				12.8		100.3

		13		65.4				13		71.4				13		78.2				13		82.3				13		101				13		100.3

		13.2		65.6				13.2		71.5				13.2		78.6				13.2		82.1				13.2		101				13.2		100.3

		13.4		65.9				13.4		71.6				13.4		78.8				13.4		82.1				13.4		101.1				13.4		100.3

		13.6		66.1				13.6		71.7				13.6		79.3				13.6		82.1				13.6		101.1				13.6		100.3

		13.8		66.2				13.8		71.8				13.8		79.7				13.8		82.2				13.8		101.1				13.8		100.3

		14		66.4				14		71.6				14		79.9				14		82.4				14		101.1				14		100.3

		14.2		66.6				14.2		71.8				14.2		80.2				14.2		82.6				14.2		101.1				14.2		100.3

		14.4		66.8				14.4		72				14.4		80.3				14.4		82.8				14.4		101.1				14.4		100.3

		14.6		67.2				14.6		72.2				14.6		80.6				14.6		83				14.6		101				14.6		100.3

		14.8		67.3				14.8		72.3				14.8		80.8				14.8		83.2				14.8		101				14.8		100.4

		15		67.4				15		72.4				15		81				15		83.4				15		100.8				15		100.4

		15.2		67.7				15.2		72.5				15.2		81.1				15.2		83.6				15.2		100.6				15.2		100.4

		15.4		67.9				15.4		72.7				15.4		81.2				15.4		83.8				15.4		100.4				15.4		100.4

		15.6		68.1				15.6		72.9				15.6		81.3				15.6		83.9				15.6		100.1				15.6		100.5

		15.8		68.4				15.8		73.2				15.8		81.4				15.8		84				15.8		99.8				15.8		100.5

		16		68.6				16		73.4				16		81.4				16		84.1				16		99.4				16		100.5

		16.2		68.8				16.2		73.5				16.2		81.5				16.2		84.2				16.2		98.9				16.2		100.5

		16.4		69				16.4		73.6				16.4		81.5				16.4		84.3				16.4		98.4				16.4		100.5

		16.6		69.2				16.6		73.7				16.6		81.5				16.6		84.4				16.6		97.8				16.6		100.5

		16.8		69.3				16.8		73.9				16.8		81.6				16.8		84.5				16.8		97.3				16.8		100.6

		17		69.5				17		74.1				17		81.5				17		84.5				17		96.7				17		100.6

		17.2		69.6				17.2		74.2				17.2		81.5				17.2		84.5				17.2		95.7				17.2		100.6

		17.4		69.8				17.4		74.4				17.4		81.5				17.4		84.5				17.4		95.5				17.4		100.6

		17.6		70				17.6		74.4				17.6		81.6				17.6		84.5				17.6		94.9				17.6		100.7

		17.8		70.2				17.8		74.5				17.8		81.5				17.8		84.5				17.8		94.4				17.8		100.7

		18		70.3				18		74.6				18		81.4				18		84.5				18		93.9				18		100.7
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																																18.4		100.8

																																18.6		100.8
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