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Special Project Title Complex Formation of Transition Metal with

Pyridoxal Isonicotinoyl Hydrazone (PIH)

Name Mr Boounlirt BEngpongpanish
Miss.Suprapada Chotemanee
Special Project Advisor Dr.Prayong Doungdee
Department " Chemistry
Academic Year 1995
Abstract

The Stability constants and the formation of complexs between Cadmium(lI) , Cobalt(IT)
, Copper(ll) , Perrous(Il) , Ferric(llT) , Nikel) or Zinc(Il) and Pyridoxal Isonicotinoyl
Hydrazone are determined by using Potentiometric titration at 37 celcius with ionic strength (L)
= 0.5 M potassium nitrate. The experiments are carried out in the pH range from 1.8 to 12.0.
Stability constants are calculated by using computer program , “SUPERQUAD”.

By using the “SUPERQUAD” program , the following complex species are founded
under the experimental conditions : LH, ,LH , [CALH] , [CoLH] , [CuLH)', [Fe(LH]
[Fe(LH] , [NICDLH] and [Zo(M)LH]  at the stability constant (log B) of 5.75, -8.58 ,
-3.75690 , -3'.46286 , -3.18877 , -4.59039 , -3.58120 , -3.47439 and 436767 respectively
(when LH, = PIH free ligand). The most of complexes between PIH and metal are formed very
well in base condition and high concentration of metal.

In otherwise , the spectra of these complexes from UV spectrophotometer confirm that
the complexes are composed by PIH and metal .
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sazsemunguiuesiite  Tesdunushmbfidusedeldgsionnseu  uazezasuna
(lanz) ﬁmﬁﬁsﬂumaﬁa%’ufjEmﬁmau

mslszneuiidouiimumsaelfinmumuiidessiad:s  Senh alud
ﬂﬂﬁlﬂﬁﬂ‘f (Labile Complex)

matlssneudideuiifmlifemaunuitlésun 4 Fun woua lud

ABUINANY  (Non-labile Complex) 38 BUINABUINGNS (Tnert Complex)

myfatiasuiumslszneuisdaudeuniiiuag (Ring Formation) Tuianavesdunua
FolozmouilWBinnnsoustiaton 2 ezaoy  ssmeumaildun sendiou , thuzdu nie
TuTasiou ldifaruenne Tsloadn (Heterocyclic Ring) FeTansiiiursTaruaudesades
1 Wuse mnﬁ'aﬁﬁ'mmqfh‘[ﬁ'nmu%ﬁ (Covatency) thidTifiesTanzdman danlaiidss
undds  uasnandsuminiuimunsodedndld | mmlzneudidoufaatiimiiuiii
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d d :
anuedes wnfiga u 1 2sdssneudeezaey s uas 7 ezaey  lunsdifiTanslidvaud
UINNTI 1 Multivalency) 81911 1AUINAN 1 N WAauup lidudtianuaiosmiuudy
@ A lﬁ. g g
sussmmefiasuuy lisudmunsada Tassadnuuus Touuus (Resonance) 14

Jl [ 2 J 3 Q o

usnnniifiiiey (pH) vesdnan Aesdimgenedi lanzaunsouvstuiuTusasouly
LA L - J 3 [ =) 4 -
mstudussaeuvesdunuaniidfiosgs  udddunudlisfesguiuly srwh I Tilsasou
funudnqeeeniaiiuTans] Alinzaenh 4 fuduvesl
vosdunuangaesninailiuTanslaasenlosnliazawh  Frszamrnuifuduvesleeauves

d . o
Tansnmusnnamadu'ld

o s 9 £3

mafiafiedy  sunsadiednunnududuveslossuTanz1d Tasamuiiearudy
Juvesloseulansiidvhn  mafatesusshifemsnfaunlasdndInfheondindu
uaz JAnduveslesoulans Fidwaltiiamstaidesdveslnnahimunifulniuazesd
naseMIss nisnianuiesladelfnsoweconlad

mufnfiadu musaiunieastianasouveueulunild Taslumuiafndulessu
voaTansosmiiiiduidonTosdunud 2 # wfoumnniudhdaedy mMldidadiuTuaga

» & v < a
vwalng) FeslinademaiunIoandiaanseuussionlalld

TaonAmslszneuddounndil Tansftawnsosugdianaseuldunnd 1 ¢ Fafu
TumaifaiiuensdszneuiFadou é’ﬁ‘laaawmlanznzmvaq:‘lmﬁ Tan:ma"lﬁ”mzqn'la
wsadaeTunnavenh  nsessiuudaineivesmaiamnlssneudfoufinraniden
UASnmaunuilvesdunudlusaninh

masmssmuiaaatssneudidor  lumiuansinnuegds (Swmble) vBems
Uszneufifedy  sufudilisunnuaasd msUseneui IdTiamuegdane (High Stability)

R (Stepwise Formation Constant; K)

ilesnnmadedaunniesiosasunaniiawnoiugdianasewldnnei 1 §
 pfidsunudifivaiiaTy Tumumadunus madamalszneufesiauuuty (Stepwise) 1R®

uerad lddsayms



M +L=== ML ; K

ML+LT— ML, . K,

ML_+L=— ML_. K,

2-1)

- [m]
[M][L]

= [mL,] 2-2)
[ML][L ]

= [mp] @2-3)

[ML,, J[1]

2. MASABYBIMIIINALLIYIIY (Overall Formation Constant ! )

\d g : § Q’! J -~ o o oy ¥
Aemsmmasdiianuaveurasuiialdiser  Teaemusouaasldasaums

-

M+L =

ML : B,

M+2L = ML, ; B,

M+nL — ML, : B,

nueng : M ounu azAsuNaN

L unu Sunusd (Ligand)

= [mL] (24)
[m ][L]

= [mL,] @2-5)
[m J[L]"

- [mL] 2-6)

[M][L]



o
fRedane 2 nuudianuduiusiuse

B, = KiKKy.K, @

%8 (Pyridoxal Isonicotinoyl Hydrazone)

. . a a acd o od
Pyridoxal Isonicotinoyl Hydrazone ¥38 PIH ﬁ.'lumiﬂi:nauﬂumunqna«ﬂﬁzm)u

4 & o d . -
weldlrzTomilunumaunnd  lumsshuranmiisranei lessuvesTangmanumiduy
4 o [ d [ ) s s ¥ @
@ron Overload) FulnfiaunguInInmssnulsafeadudon Treerfoqaauialumssuiy
lesouvesTansmanfaduamafidou P gadusswduafwsnludl aa. 1979 Tee

. Ponka Taen]§fiFe1msnauiniusening Isonicotinoyl Hydrazide M) Pyridoxal lutivinied sodium
Acetate 0.1 M

da d a
FUMTNINAYUAD
0
i
H-C (l)I
HOH o C OH (
l RGNS LG
CHS ! ,/\I
*HCL
-Hzo N
0
I
CH=N—NHC
HOHoC 1 _OH @
CH,
“HCL

lit 22 aumsurnmsdunsizdindaendaleleiladTusalaas Tau
yaene : 19 Pyridoxalhydrochioride ¥1IiiTu1ti Isonicotinic Acid Hydrazide

T Methanol % Product = 93.60 ; QuIngiMIAAWRIVEY Product = 244 ° C



plii2:3 usaslaseadralumnaves P Y
d N Lo d . d
Ui 2-3) Tuana PIH e2imsfuTisaeu (Protonation) MmN 2 uailan
U d [ 4
aseT1lsmou (Deprotonation) NAWMLAR 1 uas 3

4 a ot o a o P
uenmnil PIH eusafiamsnfaousy 1dinzlnd dwasslugli 24

R o
OH
PV &%
e
LH . CH3J
OH d
i = LT
H ) CHg H CHg
R I

0
?/\@
H CH
3_

[LH3] e—— [LHg] ———p [LH]
0 .

]
Hueng : R unu CH =N-NH-C-O

< a
it 24 UARITANZ AURANITIAA Protonation LAY Deprotonation Y64 PIH



Tuaozvesuds PH sriignimidunannmeind uazimsdaSeduiuy leaanla

'Y P
1ue¥ (Neutral Cyclic Dimer) Tugi n31ud A1a-WoFu (rans keto-form) Aauaraslugali (2-5)

\0
:
0 ‘e !
I-I N H\N/\ 0
O\/ \

=5 N&mz

25 waasTassadhaves PIH ﬁﬁmsﬁ'm?mﬁ"ﬂu‘;ﬂ trans-keto form
PIH annsovinlfifertuman [Fean] 148 1Amiflu [PIH],Fe@mx0.5H,0 uazas

d o 4 a o
dsznauii 1dvslianuasdigy (igh swability) Feesiialensluannz nsa nan uas walay
o g » ’ a Ay ¢ 4
mTUssneudideusinartosiald 2 ailtd An PIH : Fe(n) = 1:1 ua2 PIH : Fe(W) = 2:1

il 2.6 umnalaseadrevesnsussneuFidousenha PH Ay Feamn
lusasidaulun PIH : Fe(ln = 2:1



4 1 @ P - o ' o
eanugnABsYeIfmIFvsImsIfamslsznoudidounld  dnnududunidnis
Al \J A = A £ s, AU o
dusweaia (Activiy) unusmanududunudefivssmazaeiissnnlulfiSoidundu

1 4
TResillaugaveilfifouiaiiu Ao rugu
——
A + Bge—C + D (2-8)

sasAvssmaiamslssneudidoumunsauaaslugivssdandussninnududuyes

i 4
ATHAANAADAITAAU fD

K = ac: a, (2-9)

8, 8y

K Aemnsiaugamed lulauiing (Thermodynamic Equilibrium) #8319 uidy
Sudauniinnuh (Active Concentration %38 Activity) vessIwaaramsdreaMududusd i
Al

K ifludasiiinnizquugdfineiidnis q ﬁ'ﬁnmﬂ%‘uuuﬂmqmuqﬁdmaﬁi‘fﬂ:

P ' a P 1 v a
gl aweaitamunsanlaouldianuuduilumieTyard 1daai

K= flclh[p] = flcllp] — @0
LAl 8] fe[allB]

A 1 o =) J .
e f AemidutlyzAniusanIAvesany i

mydenginmBnassh luanmsiawazawianudennn q  Fnsasawind
audenann q # sdudssAniuenisieziindilod 1 e f 6715 B
drzng 1 AeiidsmnsoWianududuvesmsazmeunusueniida duasansouans
ansdarugame Ty lmodnd lumenvasanududuii Tuafresmsdduiasmandanald

v d
AU
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K = [c]l[p] (2-11)

[a]lB]

L4 - ] ' @ ~ J
imneuasdaina (Debye and Huckle) lAuaasfiiunmdulss@ndusanininny
¥ w dao :
duiuiiulssqusslsssuninualumsasare Tasaunsanenuduiuyelssqloseu

[ 4 ot
nenualumsazaelumey Auusweelossy (onic Swength ; 1) Fuldoundasmy

anududu fsaums

B o= 2x Z(C Z") @-12)

e ¢, AeamududuiiTuarfusslessuiidiszyin z

S luemsazaeliongdsesneunaie q wiadudu sansedmasmanuusslossu’ld
Taomhanududuvsraz lossugudumdirssyestszqudnhunnndunn q &

ualunsdiftmsazarwilFlumsnaassianududufenufivame  ansaldfnnu
Wuduvesmisazarounudmeniiia 1duasdnaiai 18snfludndunes Tulauind
(Thermodynamic Formation Constant) t'ﬁ'mmnfhﬁ’nﬁﬂﬁwamwazawﬁi’alﬁ'ﬁ’ui’fuaqjﬁu
usaNIAvesleseu sufurdedestulilmomanosRanmadosnamsifieuanuidudy
_mm:mvﬁ“l%'miﬁdm'nmm'leaaut'a'ﬁu Mldlaemaiasazsaenndr Idiaulssney
yasBian Ty Tadadwadsfuuniiqa fremadudianlarladideslinnifuneuazidy ae
Tumsazawnniiidevimmanssiaddndinh - Frosmldanuusslessulisnsiiuasen
A ialdideanuuselee sunsfiosfiumineiivetSuraiduius (Stoichiometric Formation

Constant)

1. EInmuteninin (Potentiometric method)
- .y o o - d J A )
TnimuSosnsn e F3msiadndInf Tavdian Intai lode lesoundsamsdinnc
wnlfue  dnvasveuwad INfualin lFdmsuimalnnidfedaniingad  mslFit

TrnuessinnsugiumaiinmsInmsa Sonh TemiPesnmInlmnaiie (Potentiometric

itration)
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& o o J (7] 4
mstatind Ifheeuwad uuudaniinead Yusgiuneafiin (Activity) vealeseud

4
@ @

" 5 P [ a J =
a7 (Blectrode) fifioglumsazarw  sulufiusnhiiiallunlszyndlFlumsianed
mlFuavesmsld

i
mytesind Idfhveauyad suufaniingad Ussneudieva (Rlectrode) vouTad

o o
2 wila Ml

> od
Hluvrveasradn

e leesuiidesmsiinnzinSun

24781989 (Reference _Flectrode) Hutrvsuradiges hitusuamududuves
Teseulumsazae uasdesiiding 1 fnd

vnquautfvestadieds  idendlnfveusadiseldinlsiuTnensedumdng
Tnthild-3uen w‘s’nuﬂsﬁfumuémﬁﬁ'zﬁ’l’wm'laaﬂuluamzmuﬁgumq Taealul$a3uen
vegnesnuuultiinnuladylesousinlasiianis Taanms Ideomials Teseu Sian
#iW S1anTnsa (Ton Selective Electrode) 8mIU #ievBianTnsa (pH electrode) 30 NAEBIAN
Tnya (glass electrode) 9zgnoonauuuiiiaglafuls Tassulessu @) witie Aulssney
difgyvesianiind A6 glass membrane whiliThuwiiiuiuanlilaTanonlesewiiesriln
iAo T180n pH electrode

pH electrode Iﬁufi'a‘lﬂﬁﬁnumzﬁqzﬂﬁ @-7) FulunsuiiusudianInge (Combination
Electrode) rznoudaedad1a8s (Reference Electrode) 9471870 Ag/agCl fueglumsazaty
KC1 3 M myazawiezideudefumsazaeneusniifesmsiaTaorn lasziy (diaphragm)
ﬂ‘m‘%"uﬁ‘:‘lgnﬂﬂ(lndicator Electrode) Usznaudaenasaida Fuensamniudagiad (Reference
Electrode)  Fudnluoztszneudae dandihInfhiivhdae agagcl wuiu  queglunsa
lelasnnein (HC1 acid) uazmuTadeudefumIazmuneusniideamialaesy glass
membrane 108 membrane wilafiozoeuld 1’ Hiudioen §nfu pH electrode eiidaiFundn

081971 Na1Bian InsR (glass electrode)
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Elecrrode plug head
Téte enficnacle ¢'dleciroce
Cabezal enchutacie da siectreacs

Refiiling port
Crifica da rechargement
Abertura da reflena

Ag/AgCl reterenca system
Aélerenca Ag/AgCIH

Denvacién Ag/AGCI

Patassum chicnde soution, 3 mold

Solution ge chiorure ce potassium. 3 movi
44— Soluciénde clomum caicco, 3 moul

Diaghragm
Diapnragme

Diatragma

Internal buifer sciudon
Tampon inténeur
Tampon intenot

oH glass memorane

Memorana en verre gour gH
M 1a ge wvidrio ge pH

-—'//

i 27 uwrAs Combination electrode
3 o < = ' @ s ¥ +
Ya$1iAUNLTENIIYBY pH electrode TiDIMIINARBM T IARI TN UYES H
v <y 1 dy v 1A a
1.4nd Wi dmnnas - (Asymmetry Potential) -drmsazawndesmsinnifey
v
autdfeutuasarawniolu pH electrode YMNBUN UATHIVYBY glass membrane YIIWOY
o o d [ w v v - o o ' bW A
dunlidmlsznsuuasqaauiBmiioudn  duludnd Idfhveuradnialdnasdiaumiugud
’ @ = ] o c‘w ] o Ao Y 4 -
uAnnmsiaeian wuh dndIfmiald @) ludlugud dndinfhiialdliGonn AndTd
=l v
At lauanas
da n: ' "o o e [ a1 J
Glass electrode NH8YM3 IFMMMTUnuT  arvind I Tueruunasesiiaunniu
' d o < 4 4 [ a
agha lsfmunavearing Idfrauuasiifadull musavdalddromamdiumm (catibrate) Tau 1%
d i ] . -
aIsazasuIATIUANTIUmesIuey 138 19IEM INMIANTA-UA (Acid-Base  titration)

unun'ld
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2.7lo193%  (Denydration) ¥ glass 711 nRewvesmIazaw Timsldeniiaiou
A7984 glass membrane A7 IMgNaIRINARBRNMAWmTazwIndeRiSuriiadeatu  was
fanudutunihiumsazmenieluss unsdiildmsazae ka1 3 Tuay Sasiussihlfms
Tasfiisyussmsasaredanainld

s.uadadu Bu Seddu TwmuSoa  (Variation in junction potentia)  sAnd vl
ifedufiTeedevesmIasaafamnaounladld  mldiiesiieldlimiven Tavern
wdsuunla188e 0.01 miizevasities

4 JeRanmmnnmAervesmiasmeivivied "lums"i'ﬁﬂ'ﬁmwmmm:mvnnﬂ%
Aoelinish Danlnse mAWsHY  (electrode calibration) nnﬂ%’:ﬂﬁwmmzmaﬁﬂma'i'mﬂi
U t?mﬁﬁzmqﬁ'mﬂas"ﬁh’r’lumsm catipration I ety wlesmnmufiuinun1Fludvh A
drutlseneumelufamaiiowntas  sufumgiidiiiesiiannmsasawianatadae
Fufulumsmiadounnsossiiad  uaslunsdifusus ionic strength ¥94MSM  electrode
calibration UasA  ionic strength YesaIazawliIndifeatu ( ionic swength Fumneefiud
wameAiey uaz Bilalnsa winlieed  7lRssnuumnsiefudie ) Salr  electrode
calibration #1833y Inmsansa-dndudiumsfamdndlith @v) Taeasauazl¥Tusunsy
manouRumdINe B | electrode slope WAy amumudu Alasnita Fapmtanua
mafimnsathudadeunduilumioyld

Fndlifwesda (Electrode Potential)

Andlfwosdmineds  wroumeihide ¥ lumah Wilszauindondl Szes
martusiud e nuetondsan IifhidesFlumsRlssguannneiudifiadsuii
wiatu dUndveliaungadeidTaenss wiamsamanuuandeTsnied 2 $214 Tee
i 2 riataznoufudiusrad IMiuafudaierdnd Infweusad dndlnfhidaiadt 25
pamisaiden unzanududusssmsasmoniiy 1 mitoueadsadenivindInfhvesdanas
§7U ( Standard electrode poteatial E ) §1iimsifeuntasamududu uaz qungd Andlndh

H < a o o
vasdvznldou lumuaumsveuiiag (nernst equation) Aall

Ansanlfiiends
Ay +n = A, (2-13)
E = E -2.303 [RT/nFl*logla, Ja,] (2-14)
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To
Ch = VdAnd : (2-15)
a, = YAl (2-16)
unus a asluaums 9214
E = £ - 2.303 [RT/NFI*loglY o A oY, A ] @-17)

UnAlunsdiveslessuriin@eaiu v szliuandiunninden v, = 1, 14

(o] .
E = E -2.303[RT/nFl*loglA_ /Al (2-18)
A ar ] oy
s E = AndlWf SmdeiluiedTied
O as : ] o~
E = fndIifhwestaunasgn SmbwiludadTiad
’ d -4 - [
R = anenveuna Tauniiu 8314
T = gungll Amisuihusa’u &)
-I 4 . 1 ko
F = fpsiveshsund fiduniiiy 96,500 gaewil
ad d o~ cut
n = Sruusianaseuniniom lwlfnsm
(A = sanududuvesiiianeg ImiedluTumd
(A, = awnududuvesteendlad Swiedluluard

P o " & P
vineumsveuilan M ldeunsadaamdndIifhvesiaiguivesasaeindl anududy

- 7 A 1 ar o
uag gungiliang fu WedsimsmaidAnd Idfwesusadnozaunsadintam ldonaums

E = Ecathods - Eanede (2-19)

o d @
#1171 combination electrode NI IULDT indicater electrode 1Y reference electrode uf‘la‘wﬂu

Teelie#id glass membrane FudueTus une §2 Ag/AgCl sﬂumuﬂ‘l‘m

g La
fnolifhdinetumelhuradesdemeiine

E = FEref-Eagagtt + B3 + (VV)) (2-20)
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Tan
o P . v 3 o o
B = find v N80 Y89@I9aa183s1INY1 Bref AUAITaza18NR09NT

=3 [ 4
THATIEHN

+ o

o 4 1 J o 4
Vv, = findInffiseudesznine glass membrane fuAITazarw H' fideq

o '4
NIAUATICH

L4 A ¢ 1] o d 1
vV, = findIdfNiseuseTznine glass membrane fumiazate H' Wog

»
1147 Glass membrane
4 J & o q‘: [ L . D ] : J o
(18491 Eref , Eagngar waz &5 HlusnsiidaiudndInfweavadeslidwinladu  Judus
’ t‘ o ] L 4 ] g J 1 J 1
ANUANANG TEvdN V, AUV, uasdl v, AV, ssliswilsiusgiufiesvesansazaie
oy d AQ £ Qo -~
maziamiuanlou H 17989 glass membrane S1ANUANANGUOIAT  glass membrane
) 4
masstilinnioy 9zldh
V,-V, = constant + 2.303 [RT/Fl*lgl1/H ] (2-21)

unumaumy (2-21) alugums (2-20) s¢'ld

E = Eref - Eagagtt + EJ +constant + 2.303 [RT/F]*log[1/H+] (2-22)

taguauns oz 14
E = k +2303[RT/F * pH (2-23)

) J P » d ' ,
k ﬁﬂﬂ'\ﬂ\l'ﬂ weusam H'Jm1gﬂ1ﬂﬂ'\‘3"fﬁﬁﬂtﬂ7‘ﬂ1‘\!fNﬂ'ﬁ'ﬂ:ﬂ"ﬂﬂ"ﬂig’\ﬂﬂﬂ?’lﬂﬂ']ﬁlﬂi’
' d " » T aac 1 " L4
wiweu  lunsdifienudfuduvesmsazaeniidy 1 mitsuenddn  Afevezimifugud

L 4 z * L4 d \J b 1] A\ QF
aniusmiindIdfhesuradnldnge  swindldfhanesgnniues (£  @uituhisidndg i

P Q/: R 3 ]
wasgigungileg feulumalfiifezeylaud k ffed £ de)
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2.Tmmu%eamﬁ?h‘lnm11"s’u (Potentiometric Titration)

AoTimaTinnei il inadamsiasind Infhaug Idumatams Tnnse Taems
'i'ﬁfhﬁ'né'lﬂﬂ111tN'cma:mannﬂ?«ﬁﬁnmﬁu‘lmmsué (Titrant) a9 ué"zmﬁagaﬁia'lﬁ
surhzneudaesdndInfiield  USinaumsudidualyl  amududuvesensdadudt
Witmun uas gruuusansmnsmvsimaiiamstszneumddon mnii"umu1ﬁ1uqu'lﬁu
%  Numerical methode AmMNTAMEMTUsEneUSISBURATUNS BRI IYBIMTIR
U518 Taedindnmsnheq FeozefinendenTusunsy SUPERQUAD et ulil

ninnyveshlsussy SUPERQUAD (SUPER)

Taunsa SUPERQUAD wTisunsuneufiumesnnnedunudtl@fumsiaunn
el lumsdannsiivesmmfnliitevesmaddon  TreTusunsuifannsalddman
anududuveamadidy  niedindinfhergvedsidaTnnldde  TauTusunsude
madeniddmussunarii hiususitlunsws unulTsunsuduausosnu

|
nannsveeTilsinss SUPERQUAD  didail

& dad o 4 ' <
dimfualddmunll AB,.. Wistuduwiesnnlfifeundlumsazarezidni

mammﬁaﬂijﬁs“mﬁeﬁ’
B = [AB,..1/A"BI.. (2-24)

4 54 w 22 S o
we A.B agmenu chviuTdsunsuitluinu 4 &)

1}

o 9 Q’I : oy - 1 ™
(Al. 1Bl =  sanududunimusvssnsdsdunitiudassudacd
d . d
AUMIAUAAGYDININ (mass-balance equation) NosaeandsefualFdmund unsrAnsfives

- < d
mafal§iSemnaumsi 224 sz

Ta = [Al+.Z,aB, A (2-25)
Ta = [Bl+.% 5B, JATB .. (2-26)
T,.T, = snudududinuavesans A, B... fifeadeslulgisenlne

de & ' e
auyAdnnuaiFdninimuamiu
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td %I : < ﬂ o 1 o [ ) s ~ 4
anududuvssensmduniiudass (A, [B].. sgrdesdmiezgnindinalaoass Taold
P P ) 14 ¢ - o [y
dian Insaf lademiadug Qumsnaaesilld Mevdlaninsa shmsda H iesdudon)
msfadndIniflngeussaums 2-26) flimanlfeuudasanududuves T, T, .. Swiiles
WM Innsa

Py Vo d

maufaumsi 226) T3S  oumerical method 31 ldmIITAMIAINLIIABIMS
' ' d a aan
iy maaimafindfiden @) wie anududu 1,7, .. 18

A4 adi A & P d

iiseninaums (2-26) suthueieirnideduvudassiauganauingua  mImaaziu
] £ A L) 2 Lnrn
MussuulfizanifnuegeslaiiFdlalussuuaugaths  aunsarh 1dTaemsfnumlgnge
9 9
o 1 1) L4 - gy L d g =8 ]
fusthandarindy lumalfiiRedomsdnuniilndifes uay srdondnmanuadfdeie

d A 4 A W W
Tusunsy BLE WuTdsunsun 1 lun1svi1 electrode calibration arunmisuanilgddiusy

» »
Tusunsuiifioaunis extended Nernst equation HAdHAS

0 + +, +,
E = E +SloglH]+ A[H 1+ BH ] (2-27)
A
ie
L3 Ju 13 ~ -y

E = afndidiideld SmiiiuiodTed

E = dndIdfwasgmuvesiabinaTnie SmiedluiadTad

s, = sanududu awirdu RT/F

A = 81 Acid correction factor

B = f1 Base cormection factor

L4 G‘w L\ ) d 3 -
dmfumsInmsafidsegludniidiunsa (acidic range) uazneufgAgA (end poinn

anuutuvedls Tasioulessy M1 Swrmnnaums
H] = [UCVgCV IV, V] (2-28)

ifiBr PR (end point) T1uda unzegludruthisn asic range) musadiuie M7 vin

26210



H] =
VA 4 VB
A’ CB

Kw

Kw
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10™" / HC,V,-CoV MV, V) (2-29)

USumsvesnsa uaz weaiid

anudutuvenia uay wadild
snsfimaunndaveahmuaums HO = H + OH
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ml
0.0000
0.0010
0.0142
0.0670

'0.2670
0.4670
0.6670
0.8670
I1.0670
1.2670
1.4670
1.6670
1.7829
1.9829
1.9912
1.9922
1.9932
1.9942
1.9952
1.9962
1.9972
1.9982
1.9992
2.0002
2.0012
2.0022
2.0041
2.0051
2.0075
2.0407
2.0441

pH
1.7650
1.7589
1.7910
1.7714
1.8899
1.9061
1.9739
2.0601
2.1618
2.2742
2.4644
2.7522
2.8615
45335
4.9647
5.3099
5.5555
5.7546
5.9638
6.1541
6.3151
6.4757
6.6098
8.5325
8.5823
8.5597
8.6324
8.6135
8.6214
9.1263
9.2778

mV
3159824
319.1508
316.9219
319.0403
312.1140
310.0325
307.8588
302.4431
294.7800
289.2722
278.0723
260.0566
253.3699
141.8499
117.3870
101.2135

87.8952
75.8664
63.5060
52.3061
41.4377
31.8036
23.9748
-89.5531
-90.9346
-91.8557
-96.1846
-03.1083
-96.3504
-129.4527
-135.6421

2.0451
2.0461
2.0471
2.0481
2.0491
2.1131
2.1208
2.1246
2.1264
2.1350
2.1628
2.1717
22192
2.2555
2.2906
2.3151
2.5151
2.6030
2.8030
3.0030
3.2030
3.4030

9.3743

9.4345

9.4809

9.5344

9.5322
10.0921
10.2011
10.2891
10.3037
10.3358
10.5579
10.5347
10.6828
10.7985
10.9409
10.9531
11.2992
11.3804
11.4934
11.6693
11.7060
11.8297

-141.6289

-144.1157

-147.7077

-148.8683

-150.8393

-184.3100
-192.8020
-195.5652
-195.2152
-199.8020
-210.1913
-209.9519
-219.6228
-226.3833
-233.1438
-234.8016
-255.5435
-259.8724
-268.1618
-278.4591
-280.7617
-287.6143
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ml (Base)
0.0000
0.0010
0.0236
0.2236
0.4236
0.6236
0.8236
1.0236
1.2236
1.4236
1.6236
1.7617
1.8878
1.9369
1.9574
1.9706
1.9764
1.9794
1.9804
1.9814
1.9824
1.9834
1.9844
1.9854
1.9864
1.9874
1.9884
1.9894
1.9904
1.9914
1.9924

pH
1.7882
1.7839
1.7876
1.8188
1.8664
1.9373
2.0142
2.1370
2.2170
2.3053
2.5613
2.7491
3.0707
3.2952
3.4205
3.5600
3.6556
3.8450
3.9944
4.1636
4.3142
4.4198
4.5075
4.5964
4.6914
4.7656
4.8230
4.8743
4.9259
4.9751
5.0246

mV
318.3403
318.4140
318.3403
316.1298
313.4956
309.1667
304.4141
297.2668
290.7827
285.6985
270.9434
260.4619
235.8148
224.5228
218.5544
208.8098
202.0677
191.4573
181.6390
171.6917
163.6418
157.5077
152.4603
146.8788
141.3710
137.2447
133.9842
130.9816
127.9053
124.8843
122.0106

ml (Acid)

0.0000
0.0010
0.0449
0.2449
0.4449
0.6449
0.8449
1.0449
1.2449
1.4449
1.6449
1.7638
1.8045
1.8147
1.8240
1.8383
1.8541
1.8652
1.8840
1.9108
1.9405
1.9716
1.9783
1.9802
1.9812
1.9822
1.9832
1.9842
1.9852
1.9862
1.9872

pH
11.8557
11.8584
11.8609
11.8389
11.7741
11.6910
11.6067
11.4748
11.3978
11.2191
10.9363
10.5924
10.2973
10.2185
10.1645
10.0869
9.9782
9.9244
9.8526
9.7570
9.6544
9.3538
9.2054
9.0719
8.9430
8.7918
_8.67 12
8.5628
8.4641
8.3710
8.2784

mV
-289.2906
-289.3090
-289.2353
-287.8906
-283.8196
-279.1407
-273.5223
-266.1724

-261.3461 |

-250.3304
-232.6648
-209.2150
-193.7231
-189.4126
-186.0232
-180.5153
-174.8785
-171.7101
-167.0865
-161.9287
-154.7814
-135.8816
-126.7816
-118.7317
-110.5160
-101.7293
-95.0425
-88.4662
-82.7558
-77.0821
-71.5006
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1.9934
1.9944
1.9954
1.9964
1.9974
1.9984

1.9994-

2.0004
2.0014
2.0137
2.2015
2.2082
2.2092
2.2102
22112
2.2122
2.2132
2.2142
2.2152
2.2162
2.2172
2.2182
2.2192
2.2202
2.2212
2.2222
2.2241
2.2273
2.23%4
2.3283
2.4059
2.4648
2.5349
2.6215

5.0732
5.1288
5.1807
5.2308
52738
5.3148
5.3511
6.3395
6.3459
6.3587
8.1620
84180
8.6379
8.8893
9.0518
9.3264
9.5939
9.8108
9.9216
10.0111
10.1132
10.2188
10.3044
10.3465
10.3893
104119
10.4418
10.4626
10.4833
10.6504
10.8257
10.9442
11.0667
11.2014

118.9528
115.6186
112.5423
109.6687
107.1266
1048055
102.7056
43.6114
42.9851
42.1746
-70.4875
-84.7636
-100.7714
-113.0213
-125.1790
-142.1078
-157.4340
-168.6154
-173.8838
-179.6864
-185.9863
-192.1573
-196.5783
-198.6230
-201.2388
-202.5651
-204.2046
-205.4756
-206.4703
-217.8360
-227.1201
-235.0043
-241.5253
-250.3857

1.9882
1.9892
1.9902
1.9912
1.9922
1.9932
1.9942
1.9952
1.9962
1.9972
1.9982
1.9992
2.0002
2.0012
2.0033
2.0181
22181
2.2350
2.2360
2.2370
2.2380
2.2390
2.2400
22410
2.2420
2.2452
2.2504
2.3245
2.5245
2.6033
2.7508
2.9335
3.1335
3.3335

8.1507
8.1077
8.0399
7.9754
7.9155
7.8511
7.7903
7.7408
7.6825
7.6309
7.5490
74611
5.9919
59711
5.9592
5.9504
4.9098
4.2772
3.8325
3.5148
3.4018
33197
3.2619
3.2216
3.2057
3.1691
3.1590
3.1049
2.7329
2.6364
2.4797
2.3728
2.2097
2.1529

-66.3612
-61.6270
-57.7034
-53.8718
-50.2613
-46.3193
42.8930
-39.9457
-36.3720
-33.2589
-27.4379
-22.5564
64.7954
66.0665
66.8217
67.2085
134.2053
176.3154
202.4914
216.7492
222.3675
227.3228
229.9201
232.1674
233.2543
235.2253
235.7779
239.0569
261.8250
267.3882
276.7091
283.3959
293.5826
296.4563
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2.7246
2.9246
3.1246
3.3246
3.5246
3.7246
3.9246

11.2866
11.4000
11.5765
11.6336
11.7048
11.7723
11.8465

-255.0646
-261.7698
-272.5644
-275.7144
-280.1722
-284.3906
-288.5906
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nimit 44 doyadildninmsnmsamsdszneudedou PIH + ca@n 0.00446 mv
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pyiA 4.5 Poyan1dninms Inmsamsdsznowsesou PIH + Cd(T) 0.00842 mM
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PIH + Cd(I) 0.01634 mM
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p3ii 47 deyanlénnms Inmsamsilsznouddou PIH + Co@) 0.00350 mM
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pI1d 4.8 TeyadildnnmsInmsamssznouSedou PIH + Co@ 0.00680 mM
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nrii 40 feyaiildnnms Inmsamsdszneudadou PIH + Coah 0.01330 mM
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ari 4-10 Jeyadi lRanms Inmsamsdsznoudedou PH + Cu@@ 0.00432 mM
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orift 4-11 foyadtldnnms Inmsamsdsznoudedou PIH + Cu@D 0.00816 mM
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nrNf 4-12 Toyaii1dnnms nmsamsdsznendefou PO + cuan 0.01584 mM
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pIIN 4-13 deyanlénnms nmsamssznoudedou PIH + Fe@ 0.00495 mM
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a5 4-14 Foyaii lAeinns Inmsamsisenoudsdou PIH + Fea 0.00798 mM
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prif 415 YeyaildnnmsInmsamnlsznouFedou PIH + Fe@ 0.01473 mM

1,5 Y 4 Sy N e O A e T N
- 1
13,5 A fF - e T A RRL YTARTRNR S 7 & Aupa-d - PRSP, W\ E
l'.
|
a.an AN TG PVIN AN - e !i ....................................
I Tl B e TAMVeWiwevI R Y Y Dok . \ T 2/ (282808 1A "o )
.8 H gt Wl e ety - AN t .....................................

.
§ .
i )
5
X! "
- . . .
e — B o e LRI . §e s m oo e e e e N
i .
i
I ol
li :
-
1
- - ™,
_..—'.'fii? — Beean o itos V. . ... O BB X5 B e e e
T Y Tm—_ .
T s T T e -
i H M4
i i i i
i i i { I
[ oo i o= 1 T LRy IR R 3 o 4 Tl [l
bal s I w3 Lol eI g S3.13 Ja i 4,33 TLis



pdfi 416 deyaildnnmsinminmsdszneuSedou PIH + Fe@ 0.00555 mM
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apfi 417 deyanldnnmsnmsamsdrznoudedou PIH + Fe@) 0.01295 mM

.

1z, -
T

l..-1l-—=: -
2.8

3700
. - —r
) e ]
......................... :L..........1...........................
1 -
; :
[
i
!
i
;
: !
: .
...................... 1}
i
....................... N s T v TR AT U v el 4 R
s :
< .r"
N RV D AT K [
L .‘i':
- __—'_ ...................
i I T
IR b - e ~ - - - =
T4 Z.zx 4.2% 0 7L T4 2.5
.}
HH

60




niifi 4-18 Joyai1dnns InmsamslsznouSedou PIH + Fe@D 0.02775 mM
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aMfi 419 deyaitldnamsinmsamsdsznowSedou PO+ Ni@D) 0.00458 mM
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nimit 421 Feyaiildnnms nmsamsilsznousedou PIH + NiaD 0.01679 mM
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a1 423 deyaii ldnnms nmsnesiliznowSidou PIH + Zo@D) 0.00669 mM
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n31fi 424 doyaiildnnms nmsamslizneudideu PIH + Zo@) 0.01236 mM
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% Distribution

it 425 iduldamanszneivesaii3deg o vesdunud PIH
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011l 4-26 ifulfimsnszneduenti3dime q vesmmbsznouSedou PO + caaD 0.00446 mM
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Tane anududy %Distribution 71 pH 7 Y09 [MLH]"
cd( 0.00446 -
0.00842 -
0.01634 28 %
Co(ID) 0.00350 2%
0.00680 .
0.01330 67 %
Cu(i) 0.00432 16 %
0.00816 1%
0.01584 43 %
Fe(Il) 0.00495 14 %
0.00798 -
0.01473 )
Fe(IIl) 0.00555 10 %
0.01295 23 %
0.02775 3%
Ni(ITy 0.00458 20 %
0.00865 .
0.01679 »
Zn() 0.00309 =
0.00669 --
0.01236 -
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MANUIN

MANMIN 0 TwasBeadeaduTusunsy TR 600

Tsunsy TR 600 ifuTilsunsufildhuquadedlnnsndaludAves  Schott
éfsllﬂumiﬂmﬂumiﬂdaﬂmiﬁ:awﬂam?m‘lnmm mifadndlnihTaedianTnin 1auis
mahmhideudeuasddoyalifmoufiuned swandeavesiiunsy TR 600 e
Anulénngfomslfiniadlnmsnsnludd

TumsMhminasssafsi 1dimadenTmunsudeeduuuitesalumsniquindes

J 1] o QW ;
Tnmsaldtianuazanlumahinunniu - Tesuaas Tusunsuiitwasduasail

lfsunss ECAL
< & 4 o -
AuTdsunsuii@oniive elduas wmiyn aldnnmsneasuilu Sunn ves

Ay
Tusunsy ELE SefiswandeavesTilsunsudadeii

Initialize
Paremeter
Work Graphic
Dose 2.000 ml. (01/A)
Get Value Slot: 01A Range: 400 Dim: pH
Cet Value Slot: 01A Range: 400 Dim: mV
WHILE (pH <= 12.0000)
Tittate from Burette (01/C)
Get Value Slot: 01A Range: 400 Dim: pH
Get Value Slot: 01A Range: 400 Dim: mV
ENDWHILE
online Graphics pH vs mi
Documentation

End of Methed
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lthumsn ATOB
4 - ' d
Wlumnuqumsinmsa  ieisyai IR luiimsdiunamameiiauga  Tagld
@ Y ) d
Tusunsy  sUPERQUAD 18 wdnmisvesTusuunsuiisvhms lmnseamsavarwieglu

P ' P P v o
aammtunsaldluifluse Afesdszuia 120 FilswazdeavesTusunsudstl

[nitialize
Paremeter
Work Graphic
Get Value Slot: 01A Range: 400 Dim: pH
Get Value Slot: 01A Range: 400 Dim: mV
WHILE (pH <= 12.0000) {
Tittate from Burette (01/C)
Get Value Slot: 01A Range: 400 Dim: pH
Get Valiue Slot: 01A Range: 400 Dim: mV
} ENDWHILE
online Graphics pH vs ml
Documentation
End of Method

Tilsupsy FILLA
Q" A -y = 1) = Y
FlumsdalimTesiimaidunsaluain Usuws 2.000 Taddas

Inifialize
Dose 2.000 mi. (01/A)
End of Method
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Tihunsu BTOA

Wlumsawqumsinnsa  Wehdeyail I8 lhmsdnnamdasiiouga  Treld
Tunsy’ sUPERQUAD 18 wdnmuvesTusuunsudvsshms nmsmensazareiteg
anmiliusaliluilunsa ARemlrzna 20 fullveazBenvesTusunsudadl

Initialize
Paremeter
Wotk Graphic
Get Value Slot: 01A Range: 400 Dim: pH
Get Value Slot: 01A Range: 400 Dim: mV
WHILE (pH <= 2.0000) {
Titrate ftom Burette (01/A)
Get Value Slot: 01A Range: 400 Dim: pH
Get Value Slot: 01A Range: 400 Dim: mV
} ENDWHILE
online Graphics pH vs ml
Documentation

End of Methed

Itfsunsy FILLB

$ A B - .y o Sy
WlumsdiinTesimaduansazae Tydoulaasenled USuas 2.000 faddas

Initialize
Dose 2.000 ml. 01/C)
End of Method
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3 : g J P J ! J 1o [3 y
Tungaz Tusunsuiuszasamsidwmesn Wlunms lnmsamidy  Fediadese 1uil

Titration P
Points for final value :0
Points for delay : 0
Sum of differences : 1.000
Slope of vahie : 0.500

Difference of averages : 0.100

Linear step value : 0.200
Samllest step : 0.001
Largest step : 0.100

Dynamic curve shape : 0.150
Dynamic curve ship : 0.850
Dynamic titartion : ON

Blectrode Efficiency : 0.980
Electrod offset [pH] : 0.330

Temperature (OC) 1 37.00
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MANUIN U ANNHIEYDIAIT AN 9 71914 Sample Identification 1182 Comments

1u sample name documentation 148 comment documentation Havudutanun 4
ussin  enflunquirdaiiezdmdeudeyavesTsunsy TR 600  TaeTusunsuy Dco
WodluSunndwiuThunsy BLe  weldlunudwiam  SeaTnsamniinedsie

. 4
ANUNINBVBIATIAN q Udaae 1Y

& 4 a . J
1. e15k9501 iflu¥edunnlvdussdoyaninmslnmsayeil dmduldsunsy BLE
rdnulusnusASInguUATAUAVTINAUATY 8 Fned Aidegs
e ﬁa electrode
v o
16 wueds Jun 1s
< = =
k ¥ueds @ou ngimeou
95 winene 1 1995

< ’
01 wuwede feyagen 1 (lunsdififoyaynreluezdlu 02,03,..)

2, ves[wat=25.0,ac0l=0.5,acv=2.0],

vesl..] Mu1efs nqudeyafifefumansately tivawnt vessel ffarie Tl

wat250 e USmasmsdadu fe KNO, 0.5 M $117u 25 ml.

acol=0.5 uieds anudutuvesnsalussn SuTuaFAliTu ttrasan: vessel

{ @¥ 1 ¥aq aco Hlu runmng key (RK) vosawtlsluTdsunsu ELE
neanuhenududuvsansaluain ssqadwalnindeufususduie W8 figndes
uesilanuazdentetn  dufu o (aco0=0.5)  wwwdnnududuveinsaszgn  finua
Wasfudly 0.5 aaeamsfiuim

o d
acv=2.0 Huwde Usumsveansaiduasluluy stratant vessel

s. bur[bc00='0.5],
.a ' P e 9 a A w 1 4
bur(..] My nquvssdeyanertumsazareluiuse Idedelui
o '
beo0=-0.5 Hueds anududuves Tudonleasenlyd AlivireatluTuafuas

4 ' o
INTOINNIYAL (-) UNUILY 18%¥ O A beo AB running key (RK)
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4, ele[ezel=450.0]
L A d - (=) @ 1 4
elef...] nuwdngudoyaiuineaty fiaaTnsa ddsanlalil
] a o 0 o '
eze1=450.0 HUWIIMMARUTUAUGIMTU E 189 1 AY eze AB rumming key

P ' 0 &
mghlfduiay 1 umu o wszdeansdunama B vues

fluussfieusnuss sample name documentation 8% comment documentation fiddan

P w A ) ' 4
z01k9502, from=201k9501 lasfiusTvisdulassiy Wathunihmssiulaslaeldsunsy Dco
Tsunsu pco ezafulWdduyndiniuTilsunsy  SUPERQUAD AelWd  z01k9502

4. A Y asm
Tawez14dayanidaiiiosnndeyagausn z01k9s501) I Tnednluda
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MANYIN_ A Data Input d1n5uTUsunsy SUPER uae Tusunsy ELE

Jwwvnasgwdmivnsladeya

Rumning Key = RK

Reactant Index = RI

Total Amount of Reactant (mmol) = TMMOL
Reactant Concentration (M) = CONC.
Error in Reading Volume of Burette = ERR.
Error in Millivolt = EBmv.
Slope Factor = SI

COLUMN

MENU
1. [Name 80 col.]
2. [No. of loop] [Print Mode] [No. of Reactants] [Det Reactant]

3. [Name of Reactants]

4. [Working Temp.] [Initial Voltage] [Final voltage]
5. [log K] [No. of Reactant] [No. of Ligand] [RK]

6. Blank Line
. [Control No.] [RI] [TMMOL] [CONC.] [RK of TMMOL] [RK of CONC]

~3

. 8. Blank Line
9. [Control No.] [RI] [Initail Volume (ml)] [ERR]
10. [Control No.] [Conwol No] [RI] [E'] [Emv] [RK of E] [SI factor]
11. Blank Line
12. {RK of Point] [Titrant Volume] [Reading Voltage (mv)] [Point No.]
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13. Blank Line
14. Option

Teoguuuyssmsladeyn e Ui lumshuraTraeldTusunsy  SUPERQUAD
uaz BLE Tuunsemssiideyalduinni 1 14 o

semsd 3 : msaiideyalduniige 4 ursia

ywnsdl 5 : quntaildeyaldiiqe 18 uinia Teeudarusrialfunudasiams
amdesnmyssmsiddoudasiidimuall

yemsit 7 : swedtaudayaldhiusiumeesmsdedy Jayaunasiing
urRsTwaziBeavesmAtuisasyiiatums lnmsa

Twnadl 12 ¢ aunsaiideyalfunnilqe 401 ussie uRazusTRAUMUAWETaya
v8ams Innsausnzgeii Tasenin

= ar

swaziBaavesmMIdaginyyvesveyaunaz NomIAel

TEms | aednd qinuvnisees ARG
. 4
1 1-80 String [80] Filename (Faegpdoya)
2 1-5 INT No. of Loop ($14IUTBUGRTA IUMIINIY)
6-10 INT Print Mode (falavALRUMIRUN) 1AuA

1A RusIRMEHAMINAADY

2 s #ABMAT Residuals

3 fin wasamA UGy

s fin Ruinedimslnnsa

6 fin AUNAITIA Residuals UM emf
7 fin Aumawa lumizeanududu

8 fis AudoyaminuA1 Chi-square

9 fafudmanvesanududusiy uas

anudududase
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p I
$idvua IPRIN 1y 9 inFosozyaudud 19

Jwms | nedud qUuuumiges AN
11-15 INT No.of Reactants (Suaumsseduianualuszuy
16-20 INT Det Reaction (M3ianaud dgyueedoya)
0 fs amudhdgdufudeyannnmanss
1 A TayanndrdiAguiniunua
3 1-12 String [12] No. of Reactants (%nﬁmfeﬁuuﬁazﬁ'a)
4 1-10 Flot -10.6 Working Temp. (qmuqﬁﬁmmmaam)
11-15 Flot -10.6 Under Voltage Range
16-20 Flot -10.6 Lower Voltage Range
5 1-10 Flot -10.6 AaemInu 1M 10 YOIMIAIANADYIAIN
11-15 INT Coefficient  HaaviiuaesieduLlsz@niyfua
16-20 INT durtuivssurasatisdaiintu
21-25 INT
26-30 INT Running Key (RK) Tnefl
-1 fie laidesaruledt tog K Tumanaaes
0fs W g K unsiinaen
1 fin s log K ulvy
6 A 1 usse eurasedugavestoyaien
fushnefimisaud
7 3 INT Confrol  No. siavaILAumMIRuidmdums
nasnmsnszneveAasalyd
0 e lideswien
1 fle wdessmdanduIznhaanuiuduves
ail3dil fu anmdudusay dndu
anudududaszezusinglugd (»
5 INT Reactant Index (RI) é’wﬁmmmsﬁ’qé’fwmi’l’aqn

A1 13 unemsit 3 1w

y
1 fnFumsasAuaAmsn
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o q’o Y o P
2 FIMTUAITAIAUAINT D

199

[V K |
TENTI fOANY 1 Juuunrzaes ANUHNTE

6-15 Flot -10.6 ™MoL Yiinasaudiufad Tuavesaadedu
usnzfrluviedunay aeuFudumslnmsa
dmsuTusunsu SUPERQUAD nieanuifudu
vesmasstuluvandunauneuSudums lmns

adniuTusunsy BLE

16-25 Flot -10.6 cone. anududusasmaseduludiugg
(Tuamofing)
26-30 INT Running Key of TMMOL
31-35 INT Running Key of CONC.
8 Bu 1 miﬁ'ﬁsﬁmmﬁwﬁﬁ’uqma«faqa
Reatuasdedu
9 1-5 INT Control No.
6-15 Flot -10.6 Tnitial Volume 13anasvesaaluviadunay

apvBuAuussms Inmsausnzade
16-25 Flot -10.6 Brror in Reading Volume of Burette ABA7IAA
wawlumssmlTunamsluiiuge
0 | 1 INT Control No. iiaveedianInga
0 fin senuiluiiadTaed
1 fie Aenuiiufiey
3 INT Control No. $ruaudianaseufignaieluszuy
FeduegrufianTninild

0 A IMIneMBlanAIeYN 1 BlaRATeY
5 INT . | RectmtIndex #ilvesmsdiduiiiinade
sinnTnse lufiide Tsmeu
6-15 Flot -10.6 £’ shdnd Infunasguild @v)

16-25 Flot -10.6 Error in millivolt fARenalumIsiua @mv)
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26-30

1 ]
Running Key lumsaiuquai E
9 ' ar L%
Slope Factor fi1fineath lugaifuanuduves

4 ] o
Nerstain lﬂﬂ"']ﬂ"ﬂ?’lﬁﬁﬂﬂﬂﬂ'ﬁﬂﬁﬁ R}

WM

w &
fBaUY

lusunisass

ANUNIE

11

12

13

14

1-10

11-20

Flot -10.4

Flot -10.4

. 2 3
Au 1 usarie ieuAATugaveIdoyn
d ¥ o
neanudianinia
v P
Running Key of Point faiaviilgnunulums
ihdeyaluduan
: >
0 fin Thhedayaigemiulydium
: 42
1 (fasudunn As luhdsyaigmiu
Tihmsd
: o ¢dq 9
Tirant  Volume  USunasvaslmmsuanly
tums Ininsaurazyn (Waddng)

X "o o o A L] r.‘ 1
Reading Voltage A1iad12a# w3a Mexie1u
ninms lnmanluusiazqn

A\ 2

Au 1 ussia auargedugevssdoya
¥

dmfums Inmsaudazas
» y 9

feyadimums Imnsandede 1y ohdhdwua

d ; 4
nemsi 7-13 ) viedunssiaienaasis

1 4
yaRugamsladeyalumadiudalaomsld

Tilsunss SUPERQUAD
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o & -~ J a
mepuaIn 3 fegndunnuedlusunsy ELE ldnamsdmnulaeTusunsy pco u

e08k8503 ecal 003

98 2 1

proton

37.00 400.00 150.00

11

O O O O O O OO O O OO O 0O 0O O o o

mMIundIusNdian Insa

3

13.25 -1 0

0 22.00000 2.00000
0 0 0 450.00000

.0000
.0010
.0024
0172
2172
4172
6172
8172
1.0172
1.2172
1.4172
1.6172
1.8172
2.0172
2.0321
2.2321
2.2371
2.2381

.25000

316.9771
318.0271
318.8192
318.1745
316.5535
313.8456
300.7377
308.8535
301.2089
299.0168
292.5511
280.7433
270.8144
203.3204
202.8046

53.1350

17.4169
-22.8327

-.25000

.10000

1

1

.002

0

.000

0 ~N O O Hh WO N =

11
12
13
14
15
16
17
18



O O O O O OO O O O O 0O 0O OO © O O 0O O O 0O 0O O o o O o

2.2391 -61.9033
2.2401 -88.6873
2.2411 -111.1423
2.2421 -130.8158
2.2431 -149.5314
2.2441 -165.0602
2.2451 -177.5127
2.2461 -186.4653
2.2471 -193.7784
2.2481 -199.7099
2.2491 -204.2598
2.2501 -208.2203
2.2511 -210.0624
2.2521 -212.8439
2.2531 -213.5992
2.2552 -215.0360
2.2597 -216.0123
2.2937 -219.6597
2.3978 -232.1490
2.4718 -236.3490
2.6286 -248.6173
2.7703 -258.0672
2.9438 -265.3066
3.1438 -272.8592
3.3438 -278.1828
3.5438 -281.4801
3.7438 -285.5327
3.9438 -288.2774

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
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mauuIn 3 MedeninnuedTilsunsy ELE lumsuadiusndianInsa

ELECTRODE FITTING PROGRAME

V. 2.0, WINTER 1994

DEPT. OF INDUSTRIAL CHEMISTRY
WRITTEN BY DR. P. DOUNGDEE

KMIT LADKRABANG, BANGKOK 10520

CONVERGENCE SATISFY AFTER 4 LOOPS
PARAMETERS CHANGE NOT MORE THAN .10 %
FINAL VALUES OF THE PARAMETERS :
CHI-SQR = 20.61458
PARAMETERS AND STANDARD DEV
PARAMETERS 422.40 -.24332
DEVIATION .26214E-03 .88420E-07
% DEVIATION .62059E-04 -.36339E-04
DEPENDENCIES -.18571E+08 -.18571E+08
CORRELATION COEFFICIENTS :

A1 1.0000

A 2 -.19802E-07 1.0000

DEGREES OF FREEDOM = 13
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FINAL LAMBDA = .20000E+07

POINTS EXP.MV  CAL. MV RESIDUAL PH

1 316.98 321.27 -4.2911 1.7132
2 318.03 321.25 -3.2269 1.6961
3 318.82 321.23 -2.4149 1.6833
4 318.17 321.02 -2.8482 1.6937
5 316.55 318.02 -1.4666 1.7201
6 313.85 314.70  -.85575 1.7641
7 309.74 310.88 -1.2454 1.8308
8 308.85 306.74 2.1088 1.8452
9 301.21 301.80 -.59237 1.9694
10 299.02 295.85 3.1686 2.0050
11 292.55 288.33 4.2224 2.1101
12 280.74 278.04 2.6993 2.3020
13 270.81 261.50 9.3116 2.4634
14 1203.32 212.07 -8.7534 3.5602
15 202.80 198.62 4.1839 3.5685

THE LAST RESULT OF CALCULATION
CONCENTRATION OF ACID = 25000 SETRUN = 0
CONCENTRATION OF BASE = -.24332 SETRUN = 1
FINAL VALUE OF EZER = 422.40076 SETRUN = 1

FINAL VALUE OF SLOP = 61.53664 SETRUN =0
OR CORRECTED FACTER = 1.00000

FINAL VALUE OF WCON = -13.25000 SETRUN =0
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INITIAL VOLUME = 22.00000

WORKING TEMPERATURE =  37.00000

TOTAL NO. OF PARAMETERS WERE FITED = 2



MANMIN B Aednduyndimsulisunsy SUPERQUAD d1nSumiswiainida

whoImnvssTdIFouszuIn unailisudn) fu PIH

d16k9503 atob_.002

99 3 3 3

metal 1

ligand1

proton

37.00 400.00 -400.00 9999.000
5.75 0 1 1 O

-8.58 0 1 -1 0

-3.00 1 1 -1 1

-13.25 0O 0 -1 0

11 .00099 .00000 O O
12 .01470 00000 O O
13 .49162 -25500 O O

0 30.57360 .00200
00 3422.22000 5.00000 2 1.000

0 .0000 309.7930
0 .0010 309.0009
0 .0059 309.5167
0 .0549 307.8957
0 .2549 305.9246
0 .4549 299.5326
0 .6549 297.8563
0 .8549 290.1195
0 1.0549 285.4037 9
O 1.2549 278.4775 10
0 1.4549 265.2882 11
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1.6549
1.7686
1.8084
1.8242
1.8297
1.8334
1.8353
1.8365
1.8447
1.8867
1.9005
1.9035
1.9045
1.9055
1.9065
1.9075
1.9085
1.9095
1.9105
1.9115
1.9125
1.9135
1.9145
1.9155
1.9165
1.9175
1.9186
1.9196
1.9206
1.9216
1.9226
1.9236

247.0515
228.1149
215.2387
202.7862
198.8257
193.4099
190.5731
191.4389
188.1600
172.3733
158.3734
146.8972
138.3131
131.1290
123.8896
118.4370
115.3791
111.8423
109.3002
106.9792
104.6582
102.1161
99.8872
97.6582
95.1898
93.3846
90.6767
88.0978
85.3163
82.4794
79.5321
76.9900

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
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1.9246
1.9256
1.9266
1.9276
1.9286
1.9296
1.9306
1.8316
1.8326
1.9336
1.9346

1.9356

1.9366
1.9376
1.9386
1.9396
1.9406
1.9416
1.9426
9436
9446
.9456
9466
9476
9486
9496
9506
9516
9526
9536
9546
.9556

L N o N e T N S S . S Y

74.5216
71.7401
69.4559
67.2822
64.9428
62.8060
60.1902
58.0718
55.6955
52.9508
50.5192
47.7745
45.0667
42.8377
39.7430
36.8141
33,5905
30.9379
28.1931
24.6195
21.2853
18.2827
15.2617
12,1117
8.6670
5.3881
2.1092
-1.1881
-4.8355
-8.0776
~11.6696
-14.7275

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
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1.9566 -17.8222
1.9576 -20.2537
1.9586 -22.5748
1.9596 -25.4853
1.9606 -28.4879
1.9616 -30.7536
1.9626 -32.6142
1.9636 -34.3273
1.9650 -35.3773

. 1.9661 -39.7799

1.9671 -41.8062
1.9681 -44.2930
1.9691 -46.4666
1.9702 -46.7245
1.9720 -50.8324
1.9730 -53.5218
1.9740 -56.0271
1.9750 -58.4955
1.9760 -61.0191
1.8770 -63.5060
1.0780 -65.1638
1.9797 -64.8507
2.1797 -184.2548
2.1861 -190.0758
2.1897 -191.4573
2.1954 -195.4731
2.2032 -198.6599
2.2099 -199.2309
2.2758 -211.4440
2.3258 -218.6007
2.3712 -222.4781
2.4465 -230.2701

76
17
78
79
80
81
82
83

84

85
86
87
88
89
80
91
92
93
94
95
96
97
98
99

100 .

101
102
103
104
105
106
107
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2.5700 -241.7279
2.6686 -246.1305
2.8686 -256.4646
3.0686 -264.3487
3.2686 -264.9750
3.4686 -270.0960
3.6686 -272.8039
3.8686 -280.1538
4.0686 -279.1591
4.2686 -285.6801
4.4686 -282.6591
4.6686 -290.0458

108
109
110
111
112
113
114
115
116
117
118
119
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SUPERQUAD PROGRAM
V 2.0 Winter 1994 adopt from V 1984A
by Dr. P. Doungdee KMITL
d16k9503 atcb___.002

MAXIT IPRIN MODE TOL  ACCM RELAC
99 3 3 .10E-03 .10E-74 .298023E-07

REACTANT 1- metal1

REACTANT 2- ligand1

REACTANT 3- proton
THE TEMPERATURE OF SOLUTION(S) IS 37.00 DEGREES CENTIGRADE
THE TITRATIONS ARE IN RANGE 400.0 TO -400.0 ( INMV )

THE SD-LIMITS = * 9999.00

FORMATION LOG REFINEMENT STOICHIOMETRIC
CONSTANTS BETAS KEYS COEFFICIENTS

A 5.6234E 5 5.7500 0 0

B .2630E -8 -8.5800 0 0 1 -1
C 1.0000E -3 -3.0000 1 11 -1
D .5623E-13 -13.2500 0 0 0 -1

1 FORMATION CONSTANTS TO BE REFINED
SLOPE= 61.53891
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1 SPECIAL PARAMETERS TO BE REFINED

CURVE VALUE
EZERO proton 1 4.2222E+02

d16k9503 atob___.002

4 ITERATIONS
REFINEMENT TERMINATED SUCCESSFULLY

CHI-SQUARED = 51.02

CHI SQUARED SHOULD BE LESS THAN 12.60 AT THE 95 PERCENT CONFIDENCE
LEVEL

SIGMA =  7.1739

VALUE REL STD DEV  LOG BETA STD DEVIATION

BETA A CONSTANT 5.62341E 5 5.75000 11
BETA B CONSTANT .26303E -8 -8.58000 0 1-1
BETA C REFINED 1.19494E O 37.4290 .07735 EXCESSIVE 1 1 -1
BETA D CONSTANT .56234E-13 -13.25000 0 0-1

CURVE INITIAL VALUE FINAL VALUE  STD DEV

EZERO proton 1 422.22000 469.16856 3.36459

CORRELATION MATRIX - PARAMETERS ORDERED AS ABOVE

REFINEMENT CONTINUES WITH WEIGHTS OBTAINED FROM THE CALCULATED
TITRATION CURVES
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d16k9503 atob___.002
3 ITERATIONS
REFINEMENT TERMINATED SUCCESSFULLY
CHI-SQUARED = 52.09
CHI SQUARED SHOULD BE LESS THAN 12.60 AT THE 95 PERCENT CONFIDENCE
LEVEL
SIGMA =  6.0830

VALUE REL STDDEV LOG BETA STD DEVIATION

BETA A CONSTANT 5.62341E 5 5.75000 011

BETA B CONSTANT .26303E -8 -8.58000 0 1-1

BETA C REFINED 1.20011E O 42.5808 07922 EXCESSIVE 1 1 -1
BETA D CONSTANT .56234E-13 -13.25000 0 0-1

CURVE INITIAL VALUE FINAL VALUE  STD DEV
EZERO proton 1 469.16856 459.56814 3.44858
CORRELATION MATRIX - PARAMETERS ORDERED AS ABOVE
1
2 -.22
RESIDUALS PLOTS - UNITSOF 8D  6.0830

-3 -2 -1 0 1 2 3

R R e ean s S e R e e S L S
+H+rbt+
1+ + 3+ + + + +

2+ + 3 + + + + +



3+
4 +
5+
6 +
7+
8+
9+
10 +
11 +
12 +
13 +
14 +
15 +
16 +
17 +
18 +
19 +
20 +
21 +
22 +
23 +
24 +
25 +
26 +
27 +
28 +
29 +
30 +
31 +
32 +
33 +
34 +
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35+
36 +
37 +
38 +
39 +
40 +
41 +
42 +
43 +
44 +
45 +
46 +
47 +
48 +
49 +
50 +
51 +
52 +
53 +
‘54 +
55 +
56 +
57 +
58 +
59 +
60 +
61 +
62 +
63 +
64 +
65 +
66 +

W W W W W w W Ww w wwww w w
+

+

- W @ o
w
w W
+ +

w
+

+3
+—3
+ 3
+ 3

+
W W W W
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67 +
68 +
69 +
70 +
71 +
72 +
73 +
74 +
75 +
76 +
77 +
78.+
79 +
80 +
81 +
82 +
83 +
84 +
85 +
86 +
87 +
88 +
89 +
g0 +
91 +
92 +
93 +
04 +
95 +
96 +
97 +
98 +

+ + 3
+ + 3
+ + 3
+ + 3
+ + 3
+ + 3
+ + 3
+ +3
+ +3
+ +3
+ + 3
+ +3
+ +3
+ +3
+ +3
+ +3
+ +3
+ +3
+ 3
+

+ 3
+ 3+
+

+

+ 3+
+ 3+
+ 3+
+ 3+
+ 3+
+ 3+
+ 3+
3+ +
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99 + + + 3+ + + +
100 + + + "3+ + + +
101 + . + 3+ + s +
102 + + + 3 + + + +
103 + + + 3 + + + +
104 + + + 3 + + + +
105 + + + 3 + + + +
106 + + + 3 + + + +
107 + + + 3 + + + *
108 + + +3 + + + +
109 + + +3 + + + +
110 + + 3+ + + + +
111 + + 3+ + + + +
112 + + 3 + + + +
113 + + 3+ + + + +
114 + + 3 + + + +
115 + + 3+ + + + +
116 + + 3+ + + + +
117 + + 3+ + - + +
118 + + 3 + + + +
119 + + 3 + + + + +

T T P ST S T R
+ttt+t

d16k9503 ateb____.002

CURVE 1

PERCENT FORMATION RELATIVE TO TOTAL CONCENTRATION OF metal1
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e s 2 L Lo o T 3 2 S L Y 2

+4444

1.8 + *

1.8 + *

1.8 + *

1.9 + *

1.9 + *

2.0+ *

2.0+ *

2.1 + =

2.2 + ¢

2.3 + s

2.6 + |

2.8 + *

3.2 + y

3.4 + ) i

3.6 +C *+
3.6 +C *+
3.7 +C *4+
3.8 +C *+
3.8 +C it *+
38+C *+
41+ * C =+
4.3 +* C+
45 +* C+
46 + c
4.7 + c
4.8 + c
4.9 + C
5.0 + C
5.0 + C



51+
5.1+
5.2 +
5.2 +
5.2 +
5.3 +
5.3 +
5.3+
5.4 +
5.4 +
55 +
5.5+
5.6 +
5.6 +
57+
5.7 +
5.7 +
5.8 +
5.8 +
5.8 +
5.9 +
5.9 +
6.0 +
6.0 +
6.0 +
6.1+
6.1 +
6.2 +
6.2 +
6.3 +
6.3 +
6.4 +

O O O O 0O O O O O O O O O O O O O O O O O O O O O O O 0 OO0 O 0
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6.4 +
6.5 +
6.5 +
6.6 +
6.6 +
6.7 +
6.7 +
6.8 +
6.8 +
6.9 +
6.9 +
7.0 +
7.1+
7.1 +
7.2 +
7.2 +
7.2 +
7.3+
7.3 +
7.4 +
7.4 +
7.4 +
7.4 +
75 +
75 +
7.6 +
7.6 +
7.6 +
1.7 +
7.7 +
7.8 +
7.8 +

O O O O O O O O O 0O O O O O O O O O O 0 O O O O O O O O O o O O
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7.9 +
7.9 +
7.9 +
7.9 +
9.9 +
9.9 +
10.0 +
10.0 +
10.1 +
10.1 +
10.3 +
104 +
105 +
10.6 +
10.8 +
10.9 +
11.0 +
11.2 +
11.2 +
11.3 +
113 +
114 +
114 +
11.8 +
115 +
11.6 +
d16k9503 atob___ 002
CURVE 1
PERCENT FORMATION RELATIVE TO TOTAL CONCENTRATION OF ligand1

0O 0 0000000000000 00000000 0o0
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o o S m i o o T
+++++> .
1.8 +
1.8+
1.8 +
1.9 +
1.9 +
2.0 +
2.0 +
2.1 +
2.2 +
2.3 +
2.6 +
2.8 +
3.2+
3.4+
3.6 +
3.6 +
3.7 +
3.8 +
3.8 +
3.8 + A+
41+ C * A +
4.3 +
4.5 +
4.6 +
4.7 +
4.8 +
4.9 +
5.0 +
5.0 +

> > > > > P> > P> P> > > > P P > > >

> >
+ ¥

O 0O 0 0 0O O O O
>
*
+
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51+ C A * +
51+ C A . +
52+ C A . +
52+ C A . *
52+ C A . *
53+ C A . +
53+ C A * +
53+ C A * +
54+ C A . +
54+ C A . +
55+ C A y +
55+ C A ’ +
56+ C A T +
56+ C A i +
57+ C A " +
57+ C A . +
57 +B CA . +
5.8 +B CA ¥ +
5.8+B C . +
5.8 +B AC A +
5.9 + BAC I +
5.9 +BAC X+
6.0 + ABC 4
6.0 + ABC ! +
6.0 +A BC - +
6.1 +A C . +
6.1 +A CB . +
6.2 +A CB . +
62+A C B . +
63+ C B * +
63+ C B . +

64+ C B * +



6.4 +
6.5 +
6.5 +
6.6 +
6.6 +
6.7 +
6.7 +
6.8 +
6.8 +
6.9 +
6.9 +
7.0 +
7.1+
7.1+
7.2 +
7.2 +
7.2 +
7.3 +
7.3 +
7.4 +
7.4 +
7.4 +
7.4 +
7.5 +
7.5 +
7.6 +
7.6 +
7.6 +
7.7 +
7.7 +
7.8 +
7.8 +

O 0O O 0O O O O O O OO0 0 O O OO0 O O O O 00 00 O OO 0O 0O OO OO O
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7.9 +
79+
7.9 +
7.9 +
9.9+ C
9.9+ C
10.0+* C
10.0 +*
10.1 +*
10.1 +*
103 +*
10.4 +*
10.5 +
10.6 +
10.8 +
10.9 +
11.0 +
11.2 +
11.2 +
11.3 +
11.3 +
11.4 +
114 +
115+
115 +
11.6 +
d16k9503 atob___.002

CURVE 1 .
PERCENT FORMATION RELATIVE TO TOTAL CONCENTRATION OF proton

0O 000000000000 O0O0OGO0 O 6 0 o o
*
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+
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+
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B o e  am s e s =

bt
1.8 +A *+
18+A *+
1.8+A *+
1.9 +A *+
1.9 +A *+
20+ A * 4
2.0 + 'A * +
2.1+ A " &
22+ A * o+
23+ A A
2.6 + A v +
2.8 + A % +
3.2 + A A +
3.4 + A* +
3.6 + i A +
3.6 + £ A +
3.7+ * A +
3.8+ * A +
3.8+ * A +
3.8 + & A +
4.1 + * A
4.3 +* A
4.5 +* A
4.6 +* A
4.7 +* A
4.8 +* A
4.9 +* A
5.0 +* A
5.0 +* A



5.1 +*
5.1 +*
5.2 +*
5.2 +*
5.2 +*
5.3 +*
5.3 +*
5.3 +*
5.4 +*
5.4 +*
5.5 +*
55 +*
5.6 +*
5.6 +*
5.7 +*
5.7 +*
5.7 +*
58+ *
58+ D
58+D
59+D
59+D
6.0+D
6.0+D
6.0+D
6.1+D
6.1+D
6.2+ D
6.2+ D
6.3+ D
6.3+ D
64+ D

AN o> > » » > >
. - > > > > > > > > > > > >
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6.4 +
6.5 +
6.5 +
6.6 +
6.6 +
6.7 +
6.7 +
6.8 +
6.8 +
6.9 +
6.9 +
7.0 +
7.1+
7.1+
7.2 +
7.2 +
7.2 +
7.3 +
7.3 +
7.4 +
7.4 +
7.4 +
7.4 +
7.5 +
7.5+
7.6 +
7.6 +
7.6 +
7.7 +
7.7 +
7.8 +
7.8 +

UUUOUUUUUUUUUUUUD

O O O

cD
CD
CD
cCD

o o o W

0O U O 0 U W O O O @

o W W @

T 0 g @ w
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79+ CD
79+ C D
79+ C D
79+ C - D
9.9 +C B
9.9 +C B
10.0 +C B
10.0 +C B
10.1 +C B
10.1 +C B
10.3 +C B

10.4 +C B

105+C B

106+C B

108+ B

109+ B

110+ B

112+ B

112+ B

11.3+B

11.3+8B

11.4+B

114 +8B

115 +8B

11.5 +B

11.6 +B

Stop - Program terminated.

+

+ o+

+

+ + + o+
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