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Abstract

Stability constants and formation of complexes between Uranyl(Il) and
Bis(pyridoxylidenehydrazino)phthlazine ; (DPDHP) were determined by using
potentiometric titration at 37 degree celcius with ionic strength of 0.5 Molar Potassium
Nitrate. The experiments were carried out in the pH range from 2.0.to 120 . Stab.ility
constants were calculated by using the computer program named “SUPERQUAD” »

From the “SUPERQUAD” program, the following complex species were
founded under the experimental conditions : LHg , [LH82+] . [(.UOZ)ZLHé]4+ ,
(UOHLH,I” | [(UO),LH,] , [(UO),LH,OH),]" and [UOOH)]" at the stability
constants (Log K) of 8.70, 4.20, 3.955, 7.525, >7.740, 5.075 and 9.320 respectively. The

complexes between Uranyl(II) and DPDHP were formed well at pH > 3.
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2.5 INgAUREITUHeN
1. Depleted Uranium ﬁl@‘u’\'mﬁl'ﬂ\‘i U <072%
2. Netural Uranium fiBuuees U = 0.72%
3. Low-enriched Uranium  HU38Ntu109  0.72% < “U < 20%
4. Highly enriched Uranium 3130704984 .235U > 20%
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9.9 The Chemistry of Uranyl Nitrate
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Y ‘oA
3 way 2 mnardu uananidnsodafuluiilansals anazlamsmannsaiin
v : .
A lnannsRananantn e asazatensalusinifaans dau laslamsmialiann
Dehydration 2aiangzlawmsn uunsadailain 70% lwadniames Tnannsifiananan
nselusdndadu vl Taenaslianufeuudgsiilalumsnanazlansm  uunsn
SN 80-97% vispannasAananainlereensaussn Marshall , Gill Uee Secay I
fnnsmaasdszuLyeyiabuasaiu Anufauresansazaisdnivlainse
o s o o vﬁ .
SnndlEwinfu 5.48 | -1.16 Az -5.37 kealimol dwiiuiangy- , lns- uatlnlawnsn
ANAL ( RdauIRIRIgNazALFRFNNATaTY WwinfiL 1:180 mmol )
lansmuaagmiialumn afbiazanslunfueuladalis , aaalmad 15D
"elnsanfuanunsiazant dalusatnaranaurae weanszed , Buaf , Alaw usiu)
gartialumsn awnsafinanslsznauideu fUINAe18d MUO,(NO),xH,0 @t
= I a al a A al t g
porTuiey | Tnunades | gDFey |, $duy uazvesiEey a1sUsznanmMaIlaz
=i 1 o’ o~ b4 b 7 o
wienldlaonisazane  lumsausausiazinlunsalusBndindn uazvinnnsszimaans
avaneliflule Ariantimlunsavana1ee Alkali Double Nitrates Tunsalussnidudu
] 1 o o P! IS a a ~
aeaaatatsndnNaIsLan Tnunadey |, wenlillay |, gliwen uavmTey
. = o =l ‘1 a ] al v
Double Nitrates 184 At , Tmfay uaz lncawd wvvea dansnsnwFanldnnu
ac ) & a v a Yyy o
334 downdevesanstsznaudeiaures MUO,MO,), Walddasnundimun uas

=
wanludiey LLﬂﬂi@@@u
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2.10 The Chemistry of DPDHP (Bis(pyridoxylidenehydrazino)phthlazine)
DPDHP luansisznavduwiddignduassian  iWelduselamllunwnis

o lﬂll < < = dl
wwneflunisinmaninisenieilessusaslavzsmdnuaniivly @on Overload) T
fnfaumnuiannisinmafiaiuden Taaerduguanti@nisduivlessuses
Tanzmdnifaiuanslszneudean  wserz DPDHP HAluianatuialun) Taseain

[ v <2 o < o v [ B =l 4ﬂl A

adrefuy  AuhunAnmmsfsansysznenddauiulavzygsiflon awriniase

a¥rantaunameilazilaniaduiulangldivanasn

5117 2-8 Tasaa3 w09 DPDHP™



2.11 Twinuaainmsntningty ( Potentiometric Titration )
58TwinuSeeiussn ( Potentiometric )

FnuTeswmsnAfIEN2Y mﬁnﬂﬂwﬁﬂimﬂ'ﬁLan‘immﬁ‘hﬁ@‘l@@@uﬁﬁmnw
ST Ansnzrensed WA A usAE M mTiiAefan-
fnsd sl wmudaawsinaugivmaiianisinmes Fandy Tnnudeewsin
nmedu (Potentiometric titration) -

mmmmﬂna"lﬂﬁwmmaLLuunamunmaa @vmu@qnmmﬂmm ( Act1v1ty )

1
a

gadlanauiilaieda (Blectrode) A% 'aq'lummvmﬂ T R INAP ey ST o s
UsrgnaAlFlunisiimszinnliunoeansléd Erdnraazaditnand  Judaiilse
Adli./ a & = ’:/ ‘n’/ ] 1', é’
laaauigiaanig Aaszinlsuan azBandaiudn “dqTuen”  (Indicator
v 1
Electrode) %98 “§9¥11914"  (Working Electrode) €auianinsadnauntinanld saqdu
Saninsailidutuanud uduredlasauluansaansuazfacfiAAnd WA 1ah
Beindn “dad19Ba” (Reference Electrode) fiatiiiaainandndlnfruacaadndnliuys
fulnenssfudngMfinzasdaiven  wdawlsdumupanududuracleanuluans
avand tues daguaniaevialuazgneenuuulifianwlivleseusiinlagtinvillng
. dd{l ={ olz t ) =l a » . ] ar
lanne Sdedunialddn “leaaufianiindianinga” ( Ion Selective Electrode ) #1351
Fatdaningm ( pH Electrode ) 1178 NA1481aNTNIA ( Glass Electrode ) S¥QNA@NULL
Wilanulaivleseu HY wniy dausznaudAyaesdaniiaiiife natamu
=l v -:4‘ ar :I/ 4:} <] ' = =l 1 v
(Glass Membrane) Nutinilu Nmnu‘ﬂﬂﬂuiﬁ‘la‘immu‘l@@ﬂmwawummemum
220 pH Electrode
pH Electrode Tngvinliudnarfidnunizign 24 Tadunendmiugianinin
(Combination Electrode) Usznaudiae 981984 (Reference  Electrode) FaNenel
J ] k1 J 1 o ‘sl
Ag/AeCl quagluansazany KCl 3M ansazansilavidensaiuansazaieneneny
Eaannssalngtnislaasunsy (Diaphgram) @w3udaTuen (Indicator Electrode) A¥
b - k% d‘ ' o i’/ % = ae d! 1% :
dsznoufaavaesudafiuandronniudndnde Reference Electrode) gadnaluas

ﬂszn@umﬂmumwﬁmmma Ag/AgCl iU @u@q'lun?m‘laimﬂamn (HCI

L]

Acid) ﬂ’]ll’]ﬁ‘ﬂL‘ﬁﬂﬂﬂﬂﬂﬂﬁ’]?ﬂ”ﬂ’]ﬂﬂ’]ﬁuﬂﬂﬂ[ﬂﬂdﬂ’]?’lﬂ‘[ﬂﬂN’]u Glass Membrane ‘N
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189152115989 pH Electrode faaiinasan1ssnauid vt uaas B

1. AndlWiAlaiauanng (Asymmetry Potential) §1dnsazanefifaanisinen
<l =l oy ] o ] -
wiat (pH) NaNURNeniuansazatanielu pH Electrode Ynaeing uazin189 Glass

:l/ < Qe o o :’/ (4 o
Membrane viaesinafifidaulsznevuazansunRdlondu  FaludndlWinfismls
g [} o G ] o ] < 1 ar 'v |. « o &
AYSNAYNALGUE Wpiannn1sinAnage) wudn Andlin7dnlsd &°) Tuidlugus dned
] p 4 (]
IAHNATRIHL Fandn Al lldusinns
Glass Electrode ila1gn1sldemin@iumudn adndlniiaildasunnsazunn
1 usetwlsfimunsrssrAnd i ldanunsifisduil  awnsoadnlddnanis
a oy b7 ) A:i' 1 A=i t <4 ac]
WABLSY (Calibrate) Ineil¥ansazanauimsgauineiua pH Auiueusitelneds Acid-
Base Titration ﬁ‘lﬁ |
2. AbELASEU (Dehydration) 19 Glass N3A pH 8% sazans lipaslaas
#919H284 Glass Membrane u¥a ansliignlamsmnasniaifnadisazanaindediiy
= | o b 1% p7 1 o A:hgil
TRy uazianututuviiuasazatanielues ( lunsditl azifuansazans
KCl 3 M) Baniuszn¥innsingn pH 2evd1sazanainaiudananald
3. Ul5adu 21 99U TWinuLTaa (Variation in Junction Potential) _
AAne AN NIAnTUNretAeT09d A aa i AN s Rauudadld Bl
A1 pH Pn 15 ldudueu Tnaenauldsuuladlafia 0.01 vidsaues pH

¥ a

4. ToRawaIANA1 pH 1298nsaranatiiines lunsindn pH 104@1s

5

£

ATRILNNATIFBIHNININARILMBIANTNIA  (Blectrode  Calibrate) NNATIAQLRNS
azangiiesuinsgiu dransazaratiiMeMElunasin Calibrate JAn pH Gald
WasannuivFne 3l lidausenaufinnisldeuulae fazdluarmminliinng
s or t 4:{‘0/ pITSY v (.74 :l/ dll o ] -y ‘3‘1
70 pH 2848198281808t NIR ISRaNaaRae Aaluiasdadeunniesntiniiuaslu
nstiiisiaslfuAanuselenu (lonic Strength) 909N19%1 Electrode Calibrate 1o Tonic
o X 9 o . dl ] [ %
Stength 1898198 2A%8 IUAUENININARI LT INALARNTY (Tonic Strength AUSNANTY
| ! | e ] o P o i
AnasiaAn pH WA Electrode Parameters: NIABONNLFNANTUAE ) 29911 Electrode

Calibrate $12¢M8 Acid-Base Titration Fiilun1sdaandnsini v) Tnemss wasld
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Computer Software ANUANIAN E° , Electrode Slope lazAANIduduLay Acid 150
Base AnlaAmile AiamuamMANgnstndnteundulue pH 161
ﬂ"lﬁlnﬂf‘lﬂﬁ’lﬂl@d’ll% ( Electrode Potential ) .

Avdndlwihaasds wanefe wasunslnfindedldluntsidilszqauinien
fiftszenefiontusl sitavanefe wasmmeiiinfidesiilunisialszquanannan
ot edeuidmanin dnfaslisunsndndmdanhililnenss wigansn
PNANANANLANGAN LB sz T 2 4014 Taesihda 2 sfislszneniThusad
Tfiail udasamndndiniinsesed Andiiniidafianmgi 25°C uavanudidu
IIETAZANEWINTY 1 WtueARRR Bundn ﬁ’na"‘lﬂﬁmmsgmmq%q (Standard
Blectrode Potential , E%) fnilnsulasuulaspnududunazenmnd dndlrfinaecd
Sazlasuarllnugunisvadar ( Nernst Equation ) Fil o~

Wansrunipisaninaauee

A" +n = A" . @

E = E° - 2.303 [RT/nF] log[a™/a™ (2)

Tag ' a” = YM[AM]' (3)
’ o _ ,Yox[ A™) \ ' @)

AN a adluaunis (2) azlé

oxX , Ox

E = B - 2.303 [RT/aF] loglY™A™/ Y"A™] ()

OoX , OX

Unflunsilzadlesauriiafaaiudn ¥ azldswinndaiunadn Y7A™ = y"A™ az

E = £° - 2.303 [RT/nF] log[A™/A™] (6)

- E° - 2.303 [RT/nF] log[A™/A™]

Hm o

= ATl dunadlulaalaas
- ﬁnﬂ“lwﬁﬁmmgmﬂm% Annailutiadlaas
AnATa9una SAAWny 8.314

=3 gouunH (LARTU )

Mmoo~ " W
It

= Aresfimeawhsae HANWinru 96,500 gaand
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n = MuBlaaRsauiiine mlilfizen
[A™] = Arpudn i dulanfueasd3nad
(A% = ArpNdinduiluluanfanssneanilad

]
laba !

nnannsresiddn  inldanunsoAandndlndassdafiqulussazaeiianny
| 7 Qll [ % dl ¥ - L3=3 4 v
INTW WAzgRUIUIEaiY uazilledaamismadndiiinassgasiazauanddann
axng

E = E

cathode Eanodc (7)

Ay Combination Electrode ﬁmmm Indicator Electrode LAY Reference

]
= .

Blectrode e TaelWdall Glass Membrane ludnustum (Anode) wazdn

v
o o

Ag/AagCl {udaualnm (Cathode) WuANS IWHANRAIUN el UTadailFndaiing

B = By B +E+ V) (8)

e E = ddnddinfiseasaesdnsazangszuinga E, fussazaieiiges
N9ILATITI ‘

v, = ﬁ’]ﬁﬂiﬂ.ﬂﬁ’]ﬁﬁ‘ﬂﬂﬁi@ﬁ‘;ﬂd’m Glass Membrane Mugnsazany H' figes

1

N9LATIEA

Vv, = Adndlnfinfisensiasewdng Glass Membrane fusnsazane H' faguu

PNag

d‘ ) l-‘il o :I/ o - ) ] :J/ -l?
lU89AMN B, , B, . 102 B, dludimed dniudndiWinaesaadasiainlag 2u

funAusdngdlwfinszudg v, fiu v, uaze v, fu v, azlawirlsduty pa

!
+ Ao 4

PBIRTREAE IWSEiiANTUaNIUALY H V162184 Glass Membrane DIAMNFANANE

AN 28489 Glass Membrane 14 2 41aiitiay azlgqn
V,-V, = Constant + 2.303 [RT/F] Log[1/H] (9)
UNUANENNNT (9) adluannng (8) azly

E = E,-E,jq*E, + Constant +2.303[RT/F] Log[1/H'] (10)

ref

dngunisiudle

E. .= k + 2.303[RT/F] X pH (11
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J L dl d' - 0 2 o [P -
AN k AR ANAIN Vlﬁ’]@J’]ﬁ‘ﬂﬂ’]Wmﬂﬂ@’mﬂqi"Jﬂﬂ’]ﬂﬂiﬂﬂﬁ’]‘l}ﬂ\‘lﬂ’]?ﬂZﬂ’m

NATgIUINIILAY pH wduauw lunstifanudinduresansasatawindy 1 wudae

49

o < 1 o

weaif A1 pH azwiriugud Adndiniineeassdild AResAndlnfinunnsgu

' v ’ ' .
E°) Sed saiurdndliimnnsgunguugladinnn axiidwviniugue (lung

UfiiRazeylandndn k ifed EC da)

TwinuRaaiumasnlmnsdu (Potentiometric Titration)

ar

d as o rn; 9/ = [ ' 1 a
AeAD N5z W naTlrasn1sTnAtdnd WA acug Aumalinzeanis

PRy

Tnsn  TaenisdasdAndlniinsesasazaraiignlninsannasminissininunsus

(Titrant) &3l udoirdeyandnld  dudscnavsdnaAdndliffduly Bunm

U
v

rd' =\ E2 :l/ 8 p 74 L% d‘ !li’/ o 0
Tnunsudnidinadly waunsanndiudunrueIan il diannn LasgALLLIANaaIAN
AdfnaeeN 19 Ag1ssznaLT et L .ﬁﬁmﬁmqm‘[mﬂ?)‘%ﬁmm‘?‘ﬂaa (Numerical

[~3 : r=% 1{ Aﬂl a Ag v 1 =Jl ~ aaan v
Method) nmwmmmsﬂ?zn@uLﬂqunﬂuwmmuwmummmmmsmmﬂgmﬂ'ﬂm

Taafiudnnisndneieazesunallsunss SUPERQUAD Aastallil

2.12 UANN1SARILLsLNSH SUPERQUAD (SUPER)

Tusunsy  SUPERQUAD dullsunsupeufianesnsmesinsud lE5uns
ﬁmmm‘lﬁ'lum?ﬁ'\mmmmﬁmmmﬂﬁmﬂ{‘jﬁ?mmm'\iﬂ?zn@m‘%a%@u e
"L'Llﬂmm*ﬁmu'lm'lf’ﬁﬁ'mfammmL%}’@{iumaqzqqié’”)’dﬁu waAAnd WAussgTe
aantnsaldimas Imﬁiﬂﬂm?mﬂmmqLﬁﬂn'lﬁmmmﬁfmumﬁqLLiJsmd'vﬁLﬂuﬁqLLﬂsﬁ

lsinsuAtuaz Tl sunsuAnuniAtaanun wannsaedllsunsy SUPERQUAD HAal

]
o o

o o el P ] .3{ o o aaa -~
AwFuatlidnnaafl AB,. wiasdifisduduilesandiiteuaiiluans
ol dl al o asy ar ‘:z‘/
avaY ArlANAINZBANNNALANTEN AU
B =I[AB,. JAI'[B] (12)
fla  A,B = arssesudmiulusunsuilfllladinu 4 fo

[A],[B] = Aondindiuianusaasanssssiuiiugsssusiazaa

o~

- . - L . 1 " o p - '
AUN9ANARTIBINIA (Mass-Balance Equation) flazaanAdaaiLaTITdnIaAll LAsAN

ataensRnRRTeN anauntsf (12) azdly
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T, =[Al+..2 P .[AT'B] . (18)
T, =[B]+..b P, IAT'BI. (14)
- (15)
T,, Ty = mm*ﬂ”m”uvyﬁumwmm?A,B...ﬁtﬁ;m%'m‘luﬂﬁﬁ?m Tneigap

st k |
m'mLﬁu‘ﬁumﬂdm?é’aﬁuﬁﬂuﬁmz [A] , [B]. ﬂsmﬁaw{iaﬁq%qnf’a’mﬁ‘mm‘tmﬂ
nsalnediantnsailasiognsi (unsnasediild p Awnines 4n B Wesdaien)
Tnesadndinfimnqntassunis (14) ffinnsuanuusspanududuses T, , T, fu
fleanannisinmsn
nsufaunnsfl (14) 1neA3 Numerical Method aznlsfansnsamansumlsd
Faanns 1y AesfinaRaufRen (B) siderndindu T, Ty 1
ilasannaums (14) anfusdeisedlaiiundiaasessuaunaiiaumeay
n Fannsananziuilussuu§iefiindainmegasilalidlalusruuasgatig
mmmﬁﬂrﬁmﬁﬁqmsﬁnmﬂﬁﬁ?mﬁuﬂmqﬁﬁam"ﬁfu Tunmelfjisnnlélngende

=] A=: v = [ % ar aa vy o1
ﬂ’]ﬁ‘ﬂﬂiﬂi”ﬂ’llﬂﬂLﬂEl\‘iLL@Z@’MEI‘VI@HH’]?VI’N’Z‘!QC‘]L‘iJ’]‘Ii'JEl

218 uanni1saslisunsy ELECTRODE CALIBRATION (ELE)

Tsnsn BLE Whiltsunsufil¥lunnsvia Blectrode Caribration &NfNIVaNyIA

v -
a al o aldd

AmsuTUsunsu?An&uNs Extended Nernst Equation T93A9HAS

E =E° + 5, LogH'] + A[H] + B[H"] (16)
e E = e Wi Tan14 ( fiadlaas) |
E° = mﬁna’wﬁqmmgmﬂmﬂ%‘éLanimm ( A85Taa6 )
s, = eaondudu ( Sdwini RTAF)
A = A1 Acid Correction Factor

B fi1 Base Correction-Factor

i

dsunsnmeaiieaaglutoadunga (Acid Range) uaznauleqagR (End

Point) Aaudduaaslalnsiaulanau [H Auonildann



37

[H'] = (CV,- VAV, + V) an
letiuangR (End Point Tduduazeyludaailusing [ Awandldann
[H'] = 10°/[(C,V, - C,V IV, + V] (18)
e V,.V, = tBumsreansaussaiilg
C,,Cy = eowdiduresnsauasiuedld
K, = mmﬁmmmmﬁnﬁwmﬁﬂmmum? HO=2H +0

1
<)

THAN Log(K,) = 14 fi Standard State Y50 Kw = 13.50
71817 KNO, 0.15 M uazguuil 37°C
A,B = . Acid Correction , Base Correction '1un?n'i37{ Electrode 11]
IAUNUARY Nernst Equation
AIn&xn1s (4) 1 (6) awnendeueenunlugueaieidulfadt
E =fE",S,,C,,Cy,V,,V,,K) (19)
fulsiavan 8 faannganns (7) 7 E was \A Hoanansndnldlusniziongg

1'% =

Tvnsn C, , ¢, uaz v, Wuaduldannsimsandisazans dafuinlfisanuisn

1
ooy

AmannAn ECtas K, 10 Tunsdinfideyaainnislnmsaunnne siflasuddngn
E°,S,,C,,C, ung K 1§ lunsdnddngdnfin 8) 191921 Glass Electrode (s
ar dll ° ¥ Lo t 2 7 +
Tolavinsinmnss sosansazateia (@Y v,) Aenndnduredtlonen 1) a2
wauuld vinldan B Aieulfaauudas

fanaeenisldisunsu ELE Aa v lild An B° way S, agluRawlailndiAes
AUANZNSNAREININTY (19U ArAdNusdleany uazamunll ) uazinldaunsn

AsIadaUAN TNt urensavitaluasa lasnuilstisas
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nN1sVINAad

3.1 g1sadlelunisnaass

1.

asazasllunadonlumes ATl 0.5 M INTANLALASIEY , Fluka

Chemicals

. @razanensalussn Anudndu 025 M InsavdiAsed ., Merck

_dnsazanalapanlansanlas Anddind 025 M INsA9NLBLATIZY , Fluka

Chemicals

. ansavalagstialumes AvHdindl 0.1 M
. a1sazanaia-lwinandanulansndlunyiie@y (DPDHP) NSAITUALAINET
_ansazanslunadenlalnsiaunniien (KHP) Anudindu 0.1 M
=] Y = v v ‘
#1978 2ANUAUBRWNIAY ARNHITNIU 0.5 %
CUANAY INTANIILATIZY mﬁmmu_ﬁwﬁ

. Anglulnsiqau insmsidiasneyi | TIG

P2

o o
3.2 aUnsaluaziATaNaNdlun1snaaas

1.
2.
3.

masiudines
YIAEINAD TUA 50 ml

lulastlide a1 0 - 50 Tuinsans

LATANTIRENSATIBEALLL 4 ANUM
) Yy | ' AUy v Y1 <
. nainfeunauanguun s wianduinamgn
. PaNRnLABSIU 486 DX - 33 wianiATadN LTy
isaanauansarans ineldusamneudndn wienuviaudman
. tafnaglulnsiay wiannmsinANNAY UAZINAIALANANNAL

ipaadninemdaluif niauiAsedinfiaTuasBlanlnsnead Schott
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3.3 MalefuaIsarAE T lunsNAADS
1. grsazaneliunaBasnluinsn -Audnty 0.5 M
Fenliuna@enlunmm  nsaendinssineuudaigumgd  120°C
R U . T I v ¥ . o y ¥ L
w2 dalue Faniatesiimaz@anilfinwin 1010 nfu szanadtavinduaull
13ums 2 amg Twaaadnlsums
2. §19ALANENTALUASN ANULINTU 0.25 M
dnsalussndudy 69 % 118 U 16.08 ml RBANFETNNAUALT
1fums 1 ams
o4 : . & L %4 8/
3. asacanalnfanlansanlan ANidudu 0.25 M
‘denalmpanlansantas insaen@iamed  fouaresiinasi@enlla
g o o’ 1% ’0’ elz = a o
yuiin 10.0 N5y azanedatinnauauliiBuans 1 ans lwaandafsunas
4. #1983A12gUA ISR ANHENTY 0.1 M
eI/ = « e v dll e.lz n; =l yg o
Faragrfialumsn n9neiidessi foeietesihasidun W isihwin
2.5481 nfu ararafogtiinauaudiBuams 50 mt lwwmadailFunms

5. a1sacareldunadenlalasiaunvitan AMNLENDY 0.1 M

danlunaFonlalasiaunnian  nspeiipamzineuurisnguugil

110° w1y 2 $9Tug Aoeiarasdanaziaualst 161inmin 2.0413 nFu azanadouin

navauiiiBuams 100 ml aedniliums

3.4 3ENTNARAY

1. memanudntuiiivauratasazaelndevlansanlas
| - tilngnsszanalnfanlansenladidudu 0.25 M 41w 25 ml &gl
gapdaLinang vnnshmsasanaisazaneilunadedlalasiaumiaadindu 01 M
TnelfRuedimawiuguniamed |

- RINNINAaeY 2 A
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2. mfa‘uﬂﬁmsw%mﬂimmﬁfamﬁiﬁﬁ’né’lﬂﬂﬁmmgm (E®) anidian-
Tnsanld

- Tulegnsasanalunaidenlumsadiudy 0.5 M 91191 25 ml a9lu

PIARINARYIUIA 50 ml .

1 A/

- sellsnuesatsazanensalussn arazanalnnanlansanlss via
dhfglulasiau uasBianlngs Tmﬂlﬁfqﬂnmﬁ%\mumfimﬂumommuﬂ@ wdanauans
aranEfng AtaanIuL g

- @Aandalifrlulnnauluadngssunionma saltiszuuanga
dssnus i ™7

- vnnsmsalagl4Tilsunsy TR 600 @aNANRY ecal uazld Sample
Identification {8 Comment ﬁdﬁi@iﬂﬁfﬂﬂm‘lﬁaﬂwaﬂﬂ

SAMPLE IDENTIFICATION  : e01a9701
COMMENTS : ves[wat=25.0,ac00=0.25,acv=2.0],
bur[bcol=-0.25],ele[eze1=-400.00]

- TsunsuasinisEunsalustn 2 ml udalnmsmadangnsazans
TnRelansenlasf auBuneddelansenled i 4 ml wissazuganisiau
uazRNnsWTaINs MmMsReanuMNLAIa s RNTAe SR TR

Thgannmagest aansoAnunnAAuuiuiueaurasnse
lusidn LLazﬂ'ﬁﬁnﬂﬂwﬁflmmgﬁumm%mﬂ"lmm‘?il"’ﬁ

3. nstilsTausuaes DPDHEP

- Thiulpgnsazane DPDHP 91191 25 m! a9lu1Mag18A91A 50 ml

- sedasnrasasazanansalussn arsazatalnpenlansanlas vie
infnglulnsiau uarBianaings Tma’lﬁ@ﬂmrﬂ%\mmiumlummmuﬂ@ udanauans
azansfaniAsenauuimEn _ |

- @andalifahilassulvadngssunioun  selfissuuguns

Uszanny 5 i 7 e ?
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- yimstnwsalagl4Tusunsy TR 600 1@ENAIRY atob Ua=ld Sample
" Identification {482 Comment ﬁxﬂﬁidﬂﬁiﬂﬂﬂlﬁﬁﬂﬂﬂ’]ﬂ
SAMPLE IDENTIFICATION :_h01a9701
COMMENTS : : ves[wat=25.0,ac00=0.25,acv=2.0,11c1=0.1],
bur[bcol=-0.25]},ele[eze]1=-400.00]
Protoﬁation of DPDHP
- Tsunsuazianisnmsa ansasaelndeslansanladauia pH
szanny 11.8 Lﬂ?:m%uqmm?ﬁqmuLLazﬁmﬁnmwmmmﬂmm?ma@nmmuﬂ?m
AU T
- ¥nnsnaadsielneiden A1 broa uasld Sample Identification 1@
Comment frarelUiilng/lsiliRanans 5
SAMPLE IDENTIFICATION : h01a9702, from = h01a9701
COMMENTS | : Protonation of DPDHP
4. NISMANAYAALET BT NLAE NS AR sUsenaulBetauuay DPDHP
- Fugnsasanegsiialuasndnuan 1 ml acluaisazaneiilgainde 3
- seaflawnressnsazanenialusin avazatelnfeylansenlad vie
infinglulasiay uarBiaalngm Tma‘lﬁqﬂnmiﬁwmium‘lﬁmmmuﬂ@ WAINIUA"S
aranedeLAenauusingn
- mfm{qlﬁﬁw‘lﬂmmu‘lmLijzj?:uu%\mm saliissLLANA S
Jssame 5@
- fianslmsalaeldlisunsy TR 600 BenAnde atob wasld Sample
Identification LI8iZ Cornmenf ﬁdﬁi@‘lﬂﬁiﬂﬂ‘lﬂlﬁa ANAA
SAMPLE IDENTIFICATION : h01a9703, from h01a9702
COMMENTS . ves[m1¢0=0.1,m1v=1.0],.
UO,(II) 0.1 M 1.0 ml +; DPDHP

.
i
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- Tsunsuaziinnslnmen  gnsavanalamanlansanlofauis pH
dszanmy 118 LATEIRENEANIININBIA RN T89n15 NN AeaNNINLATES
WA

o . ] a = =l ¥ o y

- MnsmasawelngFnacazatg s lumenias 1 ml uazlimd

_ atob @RUNY btoa -



H TR - 600

43

—
P
————

HUHEILNR

H

m>g>—]?ﬁ

Z O w

B C
| ) o | |
g1l71 8-1 uansnsdnaAsasilailflunisnages’

ﬁmﬁmmzqﬂmdﬂquauqmmﬁ

Alanalnen 5

waslulines

feJ'Nﬁ’\muQufqmuqﬁ
ﬁmimmmé’miuzﬁﬁusssgn;*mﬂu‘lm Wn IS
Fasnanansazanadaauviausndn

40l wspdntuTRnussquwadulnunsusd
paNRamef o ?

A lulpsiau

)



UNN 4
LIRANISNIARDN

-

anNNMeReLasAnmNIsingsssnauddaussuding Tavegiaiflan Ay

g3lsenavndiwsaendatluuny Wnan1mmaaadselli

4.1 n1suARLLSNBLAAINGA (Electrode Calibration)
d: ° a a - 24 1 ar é’
annslnmeaierinnisuadiusmdiaalnsnlideyasiig - dail
- 1Bu1ms 189 lNUNIUs (Titrant) AiAnaaly
1 -
- ANiLeT (pH) -
- Andndlrfinanmsgaeasazanefidnliluusazqareanislninem
. o J Yoo e s
fauaneluANaNd o-1 uaz NaH 4-1 aniwindayaildaannasinmsaun
Jasdauatao 18t inewn & g AIUNALLAT 1 Tnput Pd
LL?.]Z\\JJU%?\LWU TUsLENgN DCO Whiluyd Inpul ANUARASIUNIANKWGHT 9 W Inpul YRR

AunnuTaedlilsunsy BLE a2l Output saugaslunianion & Teua’innisAILm

b

al o Al
et
1. Amudinduaeeansazatansalussn = 0.24679 Tuans (M)
2. AndndIWfianmsgu (8% — 496.69755 ARALIAMN
:'/ é’y v v =l ' 1
saidemauanududurasasaraslapanlansenlas NNaoH) nau lag

vnnsnmssiieiauamsguiuatsazaetnunaidunlalasiaunnien (KHP) G
annisnaaedtd Al uduresarsazsrelnifenlansanlas NaOH) wiaiy

. d
0.24618 lums (M)
Arpudnduresansazanatnfenlansenlad  Adindvaeatsazany-

neslusBn uazArAndIinasguidunald asgnianlddiuaniluneusialyl
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D2 4-1 uradayaransininsaranisviuaRiusnaianines

12.00 +

10.00
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4.2 msAnmnisinlylsTaudy nation) uazalilslaiud rotonati
2849 DPDHP |
mnnw‘lwmmv‘yfq‘lﬂLLaznﬁuLﬁlﬂﬁqmsﬁnmmnﬁmiﬂﬂmLuﬁ"u (Protonation)
nazAlsTmiudy (Deprotonation) %84 DPDHP 1éidiagasig 4 il
- BRI MUNIUs (Titrant) Tidnadlyl
- AR (pH) |

- AnAndinihunsguramaisaranefiin i uusszangaanislnmse

. o 4 Yoy W dns
Aauantly AN @2 UKL 93 ez N9WR 42 uay 4-3 anilnindayaiila

anmsininsasudasdeyalneldisunsy Dco il mput Fauandluntanuan o

11 Input WldunAwulng 14T suns SUPERQUAD aZlél Output faugndlunia

-ﬂl [ % o =l ] o
HUIN 1 INHKANNITATUITY f“]Z‘lﬂﬂﬁ"l‘ﬂﬂ’iﬁ‘ﬂ?3@’]‘&]5]'3‘11@\1241.]‘112‘3—[5]’]\1’] Audnglu

NN 4-4
o v vy o ”
{INNsAUINY dayanldiain Output Aa

- a7uquTNA199 DPDHP 11 25 ml HAWNAY 0.03655 mmol Fatiu

¥ oy ~ . . o 003655 .
AKdindues DPDHP flAuiniu ——— = 0.001462 Tuans
- ANASAIDINITNALLLISIN (Overall Formation Constant ; i1 ) gl

DPDHP @1:13010an1550TUsmau (Protonation) 1Asagunissallil

2- +

LH, + 2H

4

11

LH, »log B, = 17.40 (1)

2+

LH, ; log ]32

R o

4.

LH

25.80 (2)
vanawg ;1% LE ivGunudBaseiSudu Eree Ligand) |

ui N33 Uena9iA aatld dus aziariuazld A aad 9199 9iA AuLLd L
(Stepwise Formation Constant ; A1 K) N185U"E Taethaunish 2 Finaudagaunisi 1

AZAINNTOMIANAIFIIBINTIAAULLDY (Stepwise Formation Constant) b&i#atl

2+
8

LH, + 2H" - LH
Tneazlidn log K, = 25.80 - 1740 = 8.40
sofuanAnisAuIn uaens il Binltivenudn DPDHP dunsnfulilsnauy

1% 2 51 Tneiaziiaids pH Winfil 2.6 - 10.4 Aeaunisaaluil
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2- + .

LH> + 28" =——= LH, ‘log K, = 17.40

writilaeaniaseatiees DPDEP WulAsA$aLLY Symmetry AN log K, A
Aaantusmen 2 6 A7 log K, AildRedeahamedan 2 ielfIke log K, flukaga

10g K, = # = 8.70

ANA. log K, ﬁiﬁLﬁﬂﬁﬂuﬁLﬁﬂuﬁuiﬂHmﬁ’] y FlEannnisAnen Stability
Constant W';LIQ"M"] log K, ﬁﬁﬁmm‘lﬁﬁu In&iAseiu Stability .Constant 484 Protonation
fisnumliaseandiau 0) vy Iwsmanda

WAz DPDHP sinsnsniuilsnenldan 2 f Tasasifiafigas pH feundn 1.6 v

64 Faaunesall -

2+

LH, + 2H" =——= LK, ;log K, = 8.40
usiilasannlasaa¥rares DPDHP Wulasea¥1ah Symmetry AN log K, AiléiAn
anlsmeu 2 5 A1 log K, Aldasdastihwmisdan 2 e liklfAn log K, Muriads
' 8.40 .
log K, = - = 4.20
] d‘ yd‘ o =l o Y ] ‘=ll % ey
a e log K, widflethunfeuiudeyarin q flfainnisfinm Stability
Constant Wud"AY log K, Aimuonslécu IndiAeedn Stability Constant 189
Protonation fignunilarasiulnsiau @) vumyinsaanda
AUFUNIAABAURAANEINISAA Protonation WAL Deprotonation AXAUINNA
. 3 . ) :J/ dl dl ) i ) l=lI
Al Protonation Wit (iiaeanniiietin DPDHP wnazans avazateldf luaniaziiy
1 -ﬂl A( 4 4 i dl =
nse usdleluiuaunndy DPDHP azazantlfanas e liazataiay Taudasnanis
ladifim Deprotonation U
vananiluaniazreinisaaas  daianislanlaesTlsnausetinlia

gaunissalylil

H,0 H + OH ;log K, = 13.49



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenarsianubidniunislynuionisfnewniu lueygsinildlydsslesuaunisan

lunnsdllagsau Snvinudlvdaulauilon waznesedaiuarvetenarsynasminisinluly
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pH

12.00 -

na7 4-2 uanedagansininsarainisvildslauduaras DPDHP
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ng19¥ 4-8 uansdayanislninsadaunau

223n159lUsia Ut U 12IDPDHP

10.00

8.00 -

pH

6.00

4.00 -

2.00 =

0.00 : - — : : y

0.00 ' 1.00 2.00 : 3.00 4.00

Titrant (mh
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4.3 m‘a‘mﬂ"\mﬁ'famﬁﬂsmwLLasza‘L‘ﬁmmsﬂszn@uﬁa«ﬁ'@umm DPDHP

Fulaunsasdaluinss

annslyimsAszwang DPDHP Milanzgsialuines Iidiayadig q fil

_ 1 Bunmsrasinungus (Titrant) MANASl

- AWLaT (pH)
AA nfﬂwﬁﬂmmﬁﬂummmmumammiﬁ‘lw,maufammmmﬂmmm

pauanylu mmw o4 unz neR 4-5 mnuuuwamw‘lmmnmﬂwm?mm
wlasdeyalneldlsunsu DCO ‘lmﬂu Input AauaAsNIARUIN & 1N Input g
aanulagldlsunsy SUPERQUAD A& Output AsuanslunImEUIAN 4 FaHAaN
nsAuans azldnsmnisnsyanesagestiidainefuaasly N9 46

AINNIFATUINUY ﬂ”@gaﬁiﬁmn Output AB ANAIFITBINIINAULILIFIN (Overall
Formation Constant) 18 DPDHP @nunsniinansyszneui@dauiugsilabumsaluy

Smandan 21 1iesaan DPDHP Alasea¥euunalvnjuas Symmetry @unsady UO,”

vl o’ dl Aﬂl vl o é’
1&az 2 Fin Teaun19N LaHAH

LHY + 200, + 26" = - [(UOp,LHJ" slog B, = 22.96 (1)
LH> + 200, == [(UO)LH]" :log B, = 16.05 (2)

LH” + 200" == [((UOy)LH,) % 2H tlog B, = 5.48 (3)

LH” + 2U0;2+ + 2H0 === [(UO,),LH,OH,I" +4H" log B, = -4.67 ()
Uo,” + H0 = [UO,(OH)]" +H i log By = 982 (5)

H,0 —= OH +H  log B, = -18.20 (6)

mnmum?ﬁ\mummmm@%mﬂmn'ﬁm@ﬁ?ﬂi:n@uﬁﬁ@mwdw Tlane

ganila (1) iy DPDHP 1Afal

LH” + 200" = [(UO,),LHJ" :Log K, = 15.05
anduneLiudn aunusannsnduiulanzysiiag ez 2 dlnglida

7 pnsfuuaz@ellsmeuiae FaazldAnpssaatesnin (Log K,) Wi 1505 URZAIN
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naininsyanadaresatidid alivsudnatl3dinalutes pH 3.6 - 5.1 uazasdl
Burnunniige szt 50 %) W pH 4.6 (Wasaaniaseairaduuuy Symmetry i1

Log K, nlfassiamssaanaliléia Log K, fiuRase

15.05
Log K, = = 7.525

andeyasaey Aaldaramnlddalansysllaan  arusndududunugn

.0 ] — 1 = tor =4 =)
Anunsaandiau (0) vungiluednineliifurede Tusmawas

(1) - (2) aZlpaunisAail
[(UO),LH]" + 2H" =—= [(UO),LHJ" : Log K, =7.91
anannisazlidn asdsznaui@eiouniiady awnsoiiiianisiullsnau
2 #in (Protonation) Tnaazlfidn Log K, Wiy 7.91 uazainnsavnisnszanamues
aldd yinlinsudnaladiinialudos pH 33 - 4.6 unzarfiitBunnuuaniign (20%) lu
194 pH 3.9 - 4.0 HawwnlaseaFiuuuy Symmetry A1 Log K, 7ildifammnsans (e
WilAF Log K, Auviasa
791
Log K, = - = 3.9565
1 ) ' y o 9/ 1 a g dl a éf -
andeyasiieg inldaamlddn arsdscneuidedauniiaauauisoiianig
fulilsmeu 2 so fAuwmisulasiay (N) vuwlwinendaiiasann
1 ¢=} o yal '” =l s ' dl a - . a;
1.A7 Log K, RAuauladA IndiAeaiuan Log K %NARIN Protonation 9
Aruvislulnsian () vumiwieends (@nseun 2) wirAlMdsauulidniies
iesannuasaslansysilam) Hunduniuaunus

2. nanmuilunsananT (pH dszannt 3) Tsmenazaunsnduivlulnsiau ()

vumy Wdaandald uwsldiafaninauialugng pH uau-
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LH,” + 200" === [(UO,)LH, + 28’ ‘LogK= 5.48

L4
o oy

ANN157 3 Lmmﬁqmﬂﬁmm?ﬂsvnﬂuﬁﬁfau‘fmaLﬁmchu 2 TURBUANLAS

=13

U

i(\-

usnifaanmsidalenau 2 ﬁ]’JLLﬂ"‘llu‘V] 2 Lﬂﬂ@’]ﬂﬂLLﬂUﬂQUﬂUTﬂH”Qﬁ"]uﬂ(H) o8

AN Log K mnm'maLLnumunuTauzqmua(H) mmmm‘lm@'mmsmm Log K a1n

ANNNTN3 AUNEAY Log K anna@alismau 2 67 (Deprotonation) 2@4@UNUS

(ANNTA)

2- 4-

LH, LH," + 2H iLogK >-10  (A)

fauaman1sdelismen 2 faesRuNus (Deprotonation) Fgnumielulnsiay (N TN
wmaniu Taaen Log K A=A > 10 (Ref. 6 az 7)  udaTaditlaianunsnnsilung
NARSIRNALT 2 (iasannatiddlaiifin e pH #Avnisnaaed (2.0. - 12.0) uazily
SumiaiussAnaudausenn n1sifia Deprotonation A4AAEENN WANAIINL
lunismaaesmeud 3 ﬁ‘lﬁﬁmmn‘i@qmqﬂﬁa(ﬂ) fszauanndnlusnan Searnnsniin
'lﬁ‘iﬂimum\arﬁmmm‘lu‘fmmu. (N) ﬂumg:wmm%wqmimuﬁw pH fnismaaes

3) - (A) Al Faunnsdail

| LEf+2007 = [(UO)LH] ' Log K, > -15.48

‘Emﬂm Log K, > { (-10) - (5. 48) } =-15.48

NNIINNNTNIZANE I URIA LT m‘lwmmmﬂmdumm‘lumq pH 4.2 - 6.0
uazaziifiunnmaniige (ezunns 40%) 7 pH 48 iasaniassa¥ieduuy

Symmetry A1 Log K, lfassasmnsaaaitalilfan Log K, Muiass
—-1548

Log K, > > -7.74

3 ¥ v
andayasiepinlianamnlidn aladinalnadw 2 dureu Ae duusnlauy

getia(n wlillsmeu 2 FanAumldliingan (N) vumgniaduugeeeniy uas

EY

¥
o

Tui 2 Tanzgeiiam Aeuseivfunuinseiiumieandiau (0) uuvyAuedn way

Arudelulnsiau () uuy Wsnanda
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@) - (3) azlfgunnsaall
[(UO),LH,] + 2H,0 = [(UO,),LH(OH),]* + 2H ;LogK,=-10.15
annenienszanasnaasalad vinlonsudnatddinialudae pH > 4.6 uas
d:' I ASI o -ﬁl a - o o - 2+ 4dl o
qzBuHlTuUNNgA (Ussunnl 70%) 71 pH 5.8 Tafialae OH wnquiy U0, Minia
Complex fil DPDHP tHesaniasaafiafluuiin Symmetry AN Log K, 7ilAAssa9Ms
dﬁl ¥ AS' L &
2 1 lHlAAN Log K, Auviada
-10.15

Log K, = = -5.075

v ' ° t %4 0 - ddl o o 24+ :I/ - g
AMNABYARNT V]’]"Lﬂﬂ’lﬂl,ﬂ’]‘lﬂ’l"] OH wnu_uny Uo, umﬂu OH 9931

‘Hl dl é’ o L% - [ [ 2+ ASI a o
tUAIRINY pH 4N1U H,O A1NT0UANF I OH NN_unL U0, viina Complex NU

DPDHP uazhilsmauiingraanunfiralsnauaininiues -

1 <l 2+ : ° g val 2+
u@n@’mu”l,uﬂmQ:?Jmma‘mﬂmmﬁmmmm UO2 @QN"]T] V]’]I‘MN UO2
< . or o g pd" =l é’a ] [ %4 é’
L‘Vlﬂ@ﬂ"}iﬂ?ﬂ@‘uﬂUU’}iﬂTG@ﬂ‘HZ‘ﬁALﬂ@Iﬂ‘HQQ pH > 7.4 ASRUNTY

UO,"+H,0 == [UO,OH] +H  ;LogK,=-9.82

} wazluaninzasanisnaaastaiianislantaaallsnauaestin lfseannissa
il

HO =— H + OW ' ; Log K, = -18.20
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nnflayaildl allTdsin 9 Anndrezintufilnsaadradudal

wanse 1 M* wanadis U0,

5117 4-4 uanaed@d (U0, LHI"

CHg

51l71 4-5 uamasddd [Uo,),LH,*



CHj HsC
Q 0
AN 1V£ (OH)*1 1+(HOZM‘/
T NN T
=N N—
Ne— N
OH o HO’

g1l 4-7 uamsdidd ((UO,),LH,(OH),1"
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pH

na1uil 4-5 uansdayanislmnsnszudtegnialuineniu DPDHP
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8.00 +

6.00 -

4.00 -

2.00 «

0.00 T T | _ 1 T
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AgilAANISNARBIUASTDIFUBUNY

: mnmmmnmm?mmmsﬂ?vn@mmmm 1914Bis(pyridoxylidenehydrazino)
phthalazine %38 DPDHP fulanzgaila (1) el manalnnudeaiwssn nmsdu
LAYAILIANANINE msmmam‘lﬁummLLN‘lﬂfa@umm‘Ewmeﬂmm'lwmm winiu 0.5 M
figuvnfl 37 esrniTaTed uazAuanilng1lilsunsy SUPERQUAD yinlsmsudn
DPDHP @nunsoinalilslniudyl (Protonation) 1atlad [LH] uaz [LH,"] Failanmasa
Lafesnw (log K) it 8,70 WAz 4.20 Tmmzmm‘lmm’tumq pH Wiy 2.6 - 10.4 LAY
1.6 - 6.4 AURAL )

fsuansilsznen@edauszudne DPDHP fulanzgsiila (D) ePtRELIRTY
aladpina 3 ifiAnAesiadasnam (log K) wazdae pH 7 Anaiiadmant Aeuanslu
ANgA9T 4-2 '_ |
’&ﬁq‘ﬂ‘lﬁdﬁ Bis(pyridoxylidenehydrazino)phthalazine ho) DPDHP L‘ﬂumﬂumﬁu
Bnanda flasairannivgjadne i uazdluuiy symmetry Finlianunsalday
Tauzgaila () 1 ludnsngdrueed DPDHP : Tanzgsila () Wiy 1: 2 Tnaazsiagdl
nsaruAN pH Wmanzay, @ pH wnnda 3) Lﬁi‘dlﬁﬁﬂﬁ’]ﬁ‘ﬂ?zﬂﬂuﬁd%‘du’ﬂﬂ’]dﬁ
ﬂ?”mﬁmWﬂm mm?ﬂ?zn@m‘nwaumnmum 3 mﬂmzﬁ’mu [(UO )2LH]
[(UO,),LH,] Waz [(UO,),LH, (OH),)’ - taailAnassaadasn (log K) Wiy 7.525
>774 URY -5.075 AINAAL urazatidaziialénuges pH 3. 6-51,42-60UAS
WANNGT 4.6 ANAAL Lenaniniaingnslsznaudeussudnalavegsnia( fu
DPDHP  gnunsonnlfifiansiulilsnau (Protonation/lFaTiad [(UO)LHJ" Fatien
AIFALATIETNNA (log K) winfi 3.955 waziia 1AA U IpH 3.3 - 4.6 nas BN nIed
Tanzgaiia (D) ynazifinalidd [UO,(OH)]’ 2 SAnaaiusnn (log K) winfiu

L~

932 Halaaludas pH 8nndn 7.4
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wuansluntgdnmsiell

1. wmmﬁnmﬂﬁﬁ?m@wdwiwz’é‘uq‘lumgwaﬂf;i‘luﬁ fu DPDHP tWeiilu

Aa/ dl [ % a v 0 o 1l
m'mgmmnum?ﬂ?zn@uL‘nwau‘lum?mqmmavmu

al

as

2. nagaAneitenssudvaunudauT) ffluanslunquininends Ause

q

°

Tuvs] uaAFluR Lﬁ'@Lﬂuﬂqwilﬁ'mﬁﬁmm?xn@uL%ﬁ@ulumsﬁﬁmﬁmmgﬁ
3. wmammﬁ@uimwﬁuﬁmﬁﬁ LLﬁ.Lﬂ?{ﬂuLLﬂﬂdlﬁ‘N’WMﬂJﬂﬁﬂﬂ3?45"]'?4@ () ¥3e
DPDHP ginfinantials o
TAENITNAREY  ATAILIANANIITNITNAAEN .Lwiazqm‘lﬁinéiﬁmﬁumn%m
ialdnanisAnengnses LazamnsatnBuasinddls densslemilunsinm

sl luaumn
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JIMAAWAN 1

TR sidamganullsunsy TR600

Tlsunss TR600 Lfluiﬂmnmﬁ‘l%muamLﬂ%ﬂmwﬁ‘mﬁm‘tuzﬁmq Schott ¢4
'lumsm‘uﬂum?ﬂd@ﬂmaa:mmmLﬂ?im‘lwmm . meednsindinlnadiaalnig
squansideureuazdssiudeyaiuneufiames § GasuaziduanisldTilsunsy TR600
mmmﬁnmmuLmu‘lmmnquﬂmﬂmmem‘lwmmm‘iuum

dvsunnsinmsndasetadnimendatu®  illsunsutenifiedonnisaoy

aunstnmsnlsidullausenis Ineustaclisunsufiseaz@undsiely

T1lsungst ECAL
lunnstnmsaiiterirfayalidiuniin Blectrode Calibration Geflseaziden
Tlsunsusasieluil
Initialize
Parameter
Work Graphic
Dose 2.000 ml. (01/A)
Get Value Slot: 01A Range: 400 Dim: pH
Get Value Slot: 01A Range: 400 Dim: mV
WHILE (pH <= 12.0000)
Titrate 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 ml
Documentation

End of Method
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Tiusunsy ATOB

W lunslninsmitetindayan K ldAnenmiAiasdiiangs  TmANN118e

1
=

Tusunsuiasinnisinmenansazatefiagluanmnsaliluidudneh pH sznn 12.0

e a o
TGIHTIEATLDE ﬂT‘LIﬁ‘LLﬂﬁ‘N AU

Initialize
Parameter
Work Graphic
Get Value Slot: 01A Range: 400 Dim: pH
Get Value Slot: OlAlRange: 400 Dim: mV
WHILE (pH <= 12.0000)
Titrate 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 ml
Documentation

End of Method

Tisunss BTOA

W unisinmsaiieiideyan E A wanmAatiauns  Sardnnisves

'
~ ]

1 o . H -
Tsunsubagrnnsinmsngnsazansfiagluanmanalineed pH Uszunnl 12.0 W

= ~l ar é’
N?’]EI@SL@EJ@I‘LI?LLH?N@GH

Initialize
Parametér
Work Graphic

Get Value Slot: 01A Range? 400 Dim: pH

Get Value Slot: 01A Range: 400 Dim: mV



WHILE (pH <= 2.0000)
Titrate from 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
Docﬁmcntation

End of Method

l1swnsy FILLA

Hlunsimindasazantnsalussn U3u1mg 2.000 Hafans

Initialize
Dose 2.000 ml. (01/A)
End of Method

lilsinsy FILLB

Wlunndnansazanemnsulansanlss 15u1ms 2.000 aaans

Initialize
Dose 2.000 ml. (01/A)
End of Method

be

ynldsunsuazdadmnmBinedildlunisineawindu Teildndeialui

Titration Parameter

Points for final value 0
Points for delay P : 0
A Sum of differc:nces.Z : 1.000

" Slope of value : 0.500

71



Difference of averages -

Linear step value
Smallest step

Largest step
Dynamic curve shape
Dynamic curve ship
Dynamic titration
Electrode efficiency
Electrode offset [pH]

Temperature

0.100
0.200
0.001
0.100
0.150
0.850
on
0.980
0.330
37.000
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ANANUIN U
ANNUNEIDIAIRIN T 1D U

Sample Indentification #az Comments

Tu sample name documentation LR comments documentation J1NLURTUIUTI
v 4 usevia aziflunguAndanasdannasutiayaueslsunsy TR600 Tnalilsunsy
v . o ar f-q' (4 ]
pCo Wiy input A wsulilsunsy ELE (oA WIMn electrode parameters Ayl
AIMNNEBIAN IR
1) e01a9801 {1uT@ input THduasdiayafldainnisinmsagail miulusunsy
ELE Azfaalfiudnusn s aannHuasialausunuasy 8 FianeR Aafaating
. .
e Al electrode ~
o d
01  wuEie AU 1
=3 o
a NN LAY 1NTIAY
=

98  wuieme 1 1998

01 wunafi feyagad 1 (unsdideyagasalifiazilu 01,02,.)

2) ves[wat=25.0,ac01=0.25,acv=2.0],
. 4 1 2/ Adl ci' o . .
ves[...] wanefe ngudayainaaiuansazanalu titration vessel
Hnasinluil
wat=25.0 MU 1BuNRTANIFasU AR A19AZA1E KNO, 0.5 M
11U 25 ml
’ P L7 7S [ rai-:l
aco1=0.25 wnnefe  Arudindusesnsa HNO, Wulnand Al
titration vessel
acv=2.0  uN1eDe UiumensafiAnly titation vessel .
: . ar . : -d!
acol 187 1 avilu running key (RK) 1035iau1lslu input 284li/sunsn BLE &

S

azmingferanududuresnsalusin (HNO). avgnAunsluainieniusoulsauiive
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WFAgnea Lasaciaus 818a1 0 winnanet avddudulensa HNO, axgn
. v o . ‘
Avua Ay 0.25 AaaANITANLWINY
3) bur{bco0=-0.25],
& [ [} n} -== (¥4 Aﬂl el o ]
vurf...] P n@gmmgamnmnumwzma’tu buret TIHAIFD
b
& v Vv ] I's =l r'd
bco0=-0.25 HUNENY mmmmu’lwmﬂ‘lﬁumwm‘lﬁmmﬂu‘lam@n‘hm
(NaOH) LA784MLNE - U118 T4 base , 691 beol
&% 0 A8 running key (RK)

4) ele[ezel=400.0] -

he

. P} v v ol al ar A oo
elel...] PHILON nzgm@uamnmnu electrode mumm@‘lﬂu

4

el = 4000 Wineda  AnTiansasiudusi B 1ag 1 A8 running key

(RK)

(ezel Wnunaziily eze0 INZLERINITANLAIUNAN B Tula)

114 sample name .documentation WRE comments documentation ﬁmﬁﬁﬂﬁdLLﬁ
195%A7 1 (@'BA2NN h01a9802, from=h01a9802) LssTimauLantdne Tlsunsu DCO Wi
W memsazvain input file d150Tsunsy SUPER Ae I 10129802 Tnpaslddnya

| - P <« [ sy
salfinsnangausnielwd 10129801 Inednluin
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NIAKUIN A
Data Input d1usulilsunsy SUPERQUAD uag Tisunsa ELE

slunsmsgudmiunislddeya

Running Key 4 = RK
Reactant Index = RI
Total Amount of Reactant (mmol) = TMMOL
Reactant Concentration (M) = CONC.
Error in Reading Volume of Burette = ERR.
Error in Millivolt = Emv.

~ Slope Factor = Sl

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 X] [No. of Reactant] [No. of Ligand] [RK]

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

8. Blank Line

9. [Control No.] [RI] [Initial \;/olumc (ml)] [ERR.]

10. [Control No.] [Control No.1; [RY] [E°) [Emv] [RK of E°] [SI Factor]
11. glank Line |

12. [RK of Point] [Titrant Volume] [Reading Voltage (mv)] [Point No.]



13. Blank Line

14. Options
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Tnestuaasnislddeya wathlAumnilagldlisunsy SUPERQUAD Uay

ELE lunnasanisanaiifeyasinngn 1 14 vu

~ .
gEnIsn 3

P
$18N139 5

o
98NN 7 :

=
T18NITN 12 ¢

k2 ]

arunsniifiayalfuniign 4 ussin usiazUTiIRAZUILANTH

FULRARZFIN

1
=

ansniideyalfiuniiga 18 ussiia udazussinazunuAing

9

as <l a v 1 o A:Il o ¥
fadasnmrasasdeteundazsaniinunaly

al o 2 | A .
anunsniidaudeyaldivindu
Fauanaseaziaantesansiesuusazaiialunislnmem
ansniideyaldiuanngs 401 UsViA UAATUSIVIARY

wnuAraasdiayanisinmsausiazn
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[

String [80]

11-15

16-20

INT
INT

INT

No. of Loops (RMUIUFALIFIAA TUN1IN1L)
Print Mode (FlataquANnsRuy®) dud

1 Aa RUALAWIZHANNITNARDY

2 A WaBRAAI Residuals

L) U ) } 7N ¥4
3 AR NAAANAIHITHIU

P -y « «
Ae Auiaaaeanriningm

wn

S

< « '

6 A9 RUWATT19A Residuals luuingl emf

<y = « U b 3 b []
7 Aa ANmPeAANdudulumnag

- Tuasiedng

8 Ao AudeyafitAruaddn  chisquare

' Y « 7 by 14
9 A9 AUWANTI9DIANMNTUIUTINURY

k7 ¥ e
AN N U a Ty

v o

B3 mun TPRIN 1 9 1AFe9RsneulH
v
FAUAN 1-9
.II v
No. of Reactant (ANUAUANTHIAUNINNA LU
F2UL)
Det Reaction ( NMIABNAMNAIATY T
v
dnya)
' © v -g [y 7 dl v
0 fie Anudndduatiufeysilian
NNSNARDY

1 Aa doyannsdidnyiniunue

1-12

String [12]

No. of Reactants (19210IAIAIAULARLEA)

1-10
11-15
16 - 20

Float - 10.6
Float - 10.6
Fioat - 10.6

Working Temp.
Under \:/oltagc Range

Lower .'Voltage Range




dy a N o o N A = . gj ' N o N o N
wnansiiduenarsnanubidnsunislynuiionsfnwimiu lueygainilulsdsslosuaunisan

lunsdllagvsau Snvimuiiludawdasilon waznesedadaarvesenarsynasaminisinluly
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NIARUIN 3

saaging INPUT aasldsunsy ELE Tunisuadiusvaianlvsa

e07j9701  ecal____.001
9 5 1 3
proton

37.00 400.00 300.00  .002
21325 -1 0

11 .25000 -24938 0 1

0 27.00000 2.00000
00 0496.35268 .10000 1 .000

.0000 389.5370 1

1.9690 244.1594 18

0

0 .0010 387.8238 2
0 .0042 388.1922 3
0 - .0554 388.0080 4
0 2554 3853370 5
0 4554 3822607 6
0 .6554 379.1476 7
0 .8554 374.1740 8
0 1.0554 368.7029 : 9
0 12554 3647977 10
0 1.4554 3557346 11
0 1.6554 342.0295 12
0 1.8226 324.0139 13
0 19105 305.6299 14
0 19566 289.2722 ' 15
0 19669 2689355 16
0 19680 256.6119 17
0

0

19700 234.4700 < 19



1.9710
1.9720
1.9730
1.9740
1.9750
1.9760
1.9770
1.9780
1.9790
1.9800
1.9810
1.9820
1.9830
1.9840
1.9850
1.9860
1.9870
1.9880
1.9890
1.9900
1.9910
1.9920
1.9930
1.9940

"1.9950

1.9960
1.9970
1.9980
1.9990
2.0000
2.0010
2.0153
2.2153
22272

2269175
219.6413
213.5071
208.6440
204.8125
200.7046
196.0073
191.3836
186.2442
181.9153
177.7338
173.1654
168.1918
163.0155
157.9682
152.6998
147.9472
141.7394
134.3526
127.4080
120.1317
113.5370
107.2371

99.7766

91.6346

82.9215

74.0427

66.1033

57.5744
-51.8271
-51.9192
-53.0061

-133.9474
-139.6210

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
47
48
49
50
51
52
53

82
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2.2340 -143.4525
22385 -145.0736
22532 -146.0314
24532 -165.6497
2.5500 -173.3496
2.6927 -180.5153

54
55
56
57
58
59

83.
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84

F8g1d OUTPUT wagli/sunsy ELE Tunisundiusvaianinss

ELECTRODE FITTING PROGRAME
V. 2.0, WINTER 1994

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

KMIT LADKRABANG, BANGKOK 10520

CONVERGENCE SATISFY AFTER 1 LOOPS
PARAMETERS CHANGE NOT MORE THAN .10 %

FINAL VALUES OF THE PARAMETERS :
CHI-SQR = 1.55711
PARAMETERS AND STANDARD DEV

PARAMETERS 496.35 -.24938

DEVIATION 38072 .57037E-03
% DEVIATION  .76704E-01 -.22872
DEPENDENCIES 29170 . 29170

CORRELATION COEFFICIENTS :
Al 10000
A2 -48252  1.0000

DEGREES OF FREEDOM = 12
FINAL LAMBDA = .20000E-04



POINTS EXP.MV CAL.MV RESIDUAL

1

10
11
12
13
14

389.54
387.82
388.19
388.01
385.34
382.26
379.15
374.17
368.70
364.80
355.73

342.03

324.01
305.63

389.75
389.73
389.69
388.94
385.85
382.41

378.53

374.05

368.75

362.24
353.76
34148
323.94
306.28

-21000
-1.9089
-1.4946
-93538
-51691
-.15364
62034
12588
- 46076E-01
2.5591
1.9787
55137
78688E-01
-.64860

THE LAST RESULT OF CALCULATION

CONCENTRATION OF ACID

CONCENTRATION OF BASE

FINAL VALUE OF EZER

FINAL VALUE OF SLOP .

OR CORRECTED FACTER

FINAL VALUE OF WCON

INITIAL VOLUME

WORKING TEMPERATURE

TOTAL NO. OF PARAMETERS WERE FITED -

.25000
-.24938

496.35268

61.53664
1.00000

-13.25000

27.00000
37.00000

PH

1.7358

1.7636
17577
1.7607
1.8041

1.8540 .

1.9046
1.9855
2.0744
2.1378
2.2851
2.5078
2.8006
3.0993

SETRUN =0
SETRUN =1

SETRUN =]

SETRUN =0

SETRUN =0

85
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A3 INPUT 2a9ltsunsa SUPERQUAD @145unisin 11

h07j9703
9 5

metall

ligand1

proton

STABILITY CONSTANT 2a481515enauiaesay
ﬁ‘zwdwfawzg/mtﬁ'ﬂu A1 DPDHP

atob

3 3

.002

37.00 560.00 -510.00 9999.000

1740 0 1 2
2580 0 1 4
200 2 1 2
1500 2 1 0
5.00 2 1 -2
-5.00 2 1 -4
21000 1 0 -l
A1325 0 0 -I
11 .10000 .00000
12 03655 .00000
‘13 66359 -.24938
0 34.80380 .00200

003 496.35270 5.00000 O

.0000
.0010
.0179
2179
4179

O o © o o o

6179

385.5212
385.3554
385.3738
383.3107
380.5660
377.4713

0
0
1

1

1.000
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o
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8179
1.0179
12179
1.4179
1.6179
1.8179
20179
2.1644
2.3506
2.4012
2.4305
2.4553
2.5027
25782
2.6651
2.7608
2.8656
3.0019
30515
3.2515
3.4426
3.5434
35732
3.5799
3,5809
3.5819
3.5829
3.5839
3.5849
3.5859
3.5869
3.5879
3.5889
3,5899

374.3029
369.3661
366.1056
361.2241
354.4636
345.5295
330.8849
320.8087
291.6669
281.6459
274.6276
270.7776
265.5645
257.3119
248.8568
240.2358
231.7806
211.7019
211.5913
198.4572
179.9'995
157.7287
139.2341
124.2027
110.7002

97.8425

84.4505

72.0532

60.3744

49.9850

40.3693

31.4905

23.0537

14.7459

10
11
12
13
14

15

16
17
18
19
20
21

23
24
25
26
27
28
29
30
3]
32
33
34
35
36
37
38
39
40

87
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3.5909
3.5919
3.5929
3.5939
3.5949
3.5959
3.5969
3.5979
3.5989
3.5999
3.6009
3.6019
3.6029
3.6039
3.6050
3.6065
3.6089
3.6153
3.6370
3.6720
37072
37193
37234
3.7249

3.7259 -
. 3.7269
3.7279 -
3.7289 -
3.7308 -
3.7378 -
3.7888 -
3.9888 -
4.0375 -
4.0617 -

6.7512
5066
-4.9828
9.9933

-14.7643
-19.1301
-23.3853
26,8116
-30.5694
-33.9036
-37.1641
-39.5220
-41.7877
-43.5930
-45.3982
-47.0561
-48.3824
-49.9850
-54.3876
-61.8665
-76.7874
85.9794
-92.8136
-98.7267
103.0556

-106.5555

108.5818
109.8713
110.9397
111.9897
114.3476
145.2209
156.8261
158.3919

41
42
43

45
46
47
48
49
50
51
52 "
53
54

55

56
57
58
59
60
61
62
63
64
65

67
63
69
70
71
72
73
74

88
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42617 -168.7997
4.4617 -177.3101
4.6617 -184.1811
4.8617 -189.7442

5.0617 -195.1968

5.2617 -198.3283
5.4617 -201.7730
5.6617 -204.4440

5.8617 -207.0598

75
76
71
78

79 -

80
&1
82
83

89



90

NARKIN T
samee OUTPUT waaltlsiunsa SUPERQUAD d1usumsinm
%1 STABILITY CONSTANT aav9d@15Usenaingdday
seudnlanegsuiden i DPDHP
SUPERQUAD PROGRAM
V 2.0 Winter 1994 adopt from V 1984A

by Dr. P. Doungdee KMITL

h07j9703  atob .002

MAXIT IPRIN MODE TOL ACCM RELAC
99 5 3 .10E-03 .10E-74 .298023E-07 -

REACTANT  I- metall

REACTANT  2- ligandl

REACTANT  3- proton
THE TEMPERATURE OF SOLUTION(S) IS 37.00 DEGREES CENTIGRADE
THE TITRATICNS ARE IN RANGE 560.0 TO -510.0 ( IN MV )

. THE SD-LIMITS =  9999,00

FORMATION LOG REFINEMENT STOICHIOMETRIC
CONSTANTS  BETAS KEYS COEFFICIENTS

A 25119E 17 17.4000 0 01 2
B 6.3096E 25 25.8000 0 01 4 )
C 1.0000E22  22.0000 1 | 2 1 2
D 10000E15 . 150000 1 2 10
E  1.0000E 5 . 5.0000 1 2 1 -2
F  1.0000E-5  -50000 I 2 1 4
G 1.0000E-10 -10.0000 1 1 0 -1



H 5623E-13 -13.2500 1 0 0 -1
6 FORMATION CONSTANTS TO BE REFINED
SLOPE =  61.53891

CURVE 1 INITIAL VOLUME 34.80
TITRE VOLUME ERROR .00200 MILLILITRES

91

REACTANT INITIAL NO TITRANT STANDARD POTENTIAL ELECTRODE

OF MILLIMOLES MOLES/LITRE MILLIVOLTS

metall .10000 .00000
ligand] - .03655 .00000
proton .66359 -.24938 496.35270

POINT TITRE -LOG3 EMF. WEIGHT

1 . .000 1.801  385.52 .04
2 .001 1.804  385.36 .04
3 . 018 1.803  385.37 04
4 218 1.837 38331 .04
5 418 1.882 38057 .04
6 618 1.932 37747 04
7 818 1.983 37430 .04
8 1018 2064 36937 .04
9. 1.218 2.116  366.11 .04
10 1.418 2.196 36122 .04
1 1.618 2306  354.46 .04
12 1.818 ° 2451 345.53 04 -
13 2.018 2.689 330.88 .04
14 2.164 2.853 320.81 .04
15 2.351 3.326.  291.67 04
16 2.401 3..4'89;; 281.65 .04
17 2.431 3.603,  274.63 .04

"8 2455 3666 27078 04

19 2.503 3.750 265.56 .04

ERROR

NO ELECTRODE
NO ELECTRODE
5.00000



20
21
2
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53

3.002
3.002
3.002
3.052
3.002
3.052
3252
3.443
3.543
3.573
3.580
3.581
3.582
3.583
3.584
3.585
3.586
3.587
3.588
3.589
3.590
3.591
3.592
3.593
3.594
3.595
3.596
3.597
3.598
3.599

3.600

3.601
3.602
3.603

4.626
4.626
4,626
4.627
4.626
4.627
4.84'1
5.141
5.503
5.803
6.047
6.267
6.476
6.693
6.895
7.085
7.253
7419
7.554
7.691
7.826
7.956
8.057
8.147
8.228
8.306
8.377
8.446
8.501
8.56'2
8.617
8.670
8.708
8.745

211.70
211.70
211.70
211.59
211.70
211.59
198.46
180.00
157.73
139.23
124.20
110.70
97.84
84.45
72.05
60.37

49.99

40.37
31.49
23.05

14.75.

6.75
.51

-4.98

-9.99
-14.76
-19.13
-23.39
-26.81.
-30.57
-33.90

-37.16

-39.52
-41.79

.04
.04

.04
.04
.04
.04
.04
04

.04
.04
.04

.04
.04
.04
04
04
.04

.04

.04

.04

.04

.04
.04
.04
.04
.04
.04
.04
.04
.04

92



LR TR

54 3604 8.774 -43.59 .04
55 3.605 8.803 -4540 .04
56 3.607 8.830 -47.06 .04
57 3.609 8.852 -48.38 .04
58 3615 8.878 -49.99 04
50 3.637 8949 -5439 .04
60 3.672 9.071 -61.87 .04
61 3707 9313 -7679 .04
62 3.719 9.463 -8598 .04
63 3723 9.574 -92.81 .04. -
64 3725 9.670 -98.73 .04
65 3726 9.740-103.06 .04
66 3.727 9.797-10656 .04
67 3728 9.830-10858 .04 . -
68 3.729 9.851-109.87 .04
69 3731 9.868-11094 .04
70 373

oo

9.885-11199 .04

71 3789 9.924-11435 .04

72 3989 10.425-14522 .04

73 4.038 10.614-156.83 .04

74 4062 10.640-15839 .04

75 4262 10.809 -168.80 .04

76 4.462 10947-17731 .04

77 4662 11.059 -184.18 .04

78 4.862 11.149-189.74 .04

79 5.062 11.238-19520 .04

80 5262 11.288-19833 .04

81 5.462 11.344-201.77 .04

82 5.662 11.388 -20444 .04

83 5.862 11.430-207.06 .04

83 DATA POINTS IN CURVE 1 |
83 DATA POINTS HAVE BEEN READ IN CORRESPONDING TO 1 TITRATION CURVES



1 SPECIAL PARAMETERS TO BE REFINED
CURVE VALUE

TOT MMOLES proton 1  6.6359E-01

ITERATION 1 SIGMA= 24.84969 SUM OF SQUARES = 4.6931E+04
MARQUART PARAMETER FOR NEXT ITERATION 8.6356E-02

PARAMETER OLD VALUE  REL SHIFT NEW VALUE
BETA C 1.0000E 22 78.3235 7.9324E 23
BETA D 1.0000E 15 9.5097 1.0510E 16 -
BETAE 1.0000E 5 13.0862 1.4086E 6
BETA F 1.0000E -5 14.4194 1.5419E -4
BETA G 1.0000E-10 60.5517 6.1552E -9
BETA H .5623E-13 12489 1.2647E-13

CURVE 1 TOT MMOLES proton ~ 6.6359E-01 -3822 6.3822E-01

100 ITERATIONS IN CCFR AT POINT 17

ITERATION 2 SIGMA= 23.15975 SUM OF SQUARES = 4.0764E+04
MARQUART PARAMETER FOR NEXT ITERATION 1.7271E-01

PARAMETER OLD VALUE REL SHIFT NEW VALUE

BETA C 1.0000E 22 78.3235 7.9324E 23
-BETA D 1.0000E 15 9.5097 1.0510E 16
BETA E 1.0000E 5 13.0862 1.4086E 6
BETAF 1.0000E -5 14.4194 1.5419E -4
BETA G 1.0000E-10 60.5517 6.1552E -9
BETA H S5623E-13 1.2489 1.2647E-13
-.3822 6.3822E-01

CURVE 1 TOT MMOLES proton .6.6359E-01

100 ITERATIONS IN CCFR AT POINT 19

e

ITERATION 3 SIGMA= 22.67271 SUM OF SQUARES = 3.9068E+04

94

REL ERROR
170.9911
10.4051
19.2960
13.9515
21.1851
1.2019

.1944

REL ERROR-
170.9911
10.4051
19.2960
13.9_5 15
21.1851
1.2019

.1944



MARQUART PARAMETER FOR NEXT ITERATION 1.7271E-01

PARAMETER
BETA C
BETA D
BETA E
BETA F
BETA G
BETA H

OLD VALUE
1.0000E 22
1.0000E 15
1.0000E 5

" 1.0000E -5

1.0000E-10
.5623E-13

CURVE 1 TOT MMOLES proton  6.6359E-01

100 ITERATIONS IN CCFR AT POINT 17-

REL SHIFT
78.3235
9.5097
13.0862
14.4194
60.5517
1.2489
-.3822

NEW VALUE
7.9324E 23
1.0510E 16
1.4086E 6
1.5419E -4
6.1552E -9
1.2647E-13
6.3822E-01

ITERATION 4 SIGMA= 17.90488 SUM OF SQUARES = 2.4364E+04

MARQUART PARAMETER FOR NEXT ITERATION 8.6356E-02

PARAMETER
BETA C
BETA D
BETA E
BETA F
BETA G
BETA H

CURVE 1 TOT MMOLES proton

OLD VALUE
1.0000E 22
1.0000E 15

"1.0000E 5

1.0000E -5
1.0000E-10
.5623E-13

6.6359E-01

REL SHIFT
78.3235
9.5097
13.0862
14.4194
60.5517
1.2489
-.3822

NEW VALUE
7.9324E 23
1.0S10E 16
1.4086E 6
1.5419E -4
6.1552E -9
1.2647E-13
6.3822E-01

ITERATION 5 SIGMA= 11.61078 SUM OF SQUARES = 1.0246E+04

MARQUART PARAMETER FOR NEXT ITERATION 8.6356E-02

PARAMETER
BETA C
BETA D
‘BETAE

'BETA F
!BETA G
BETA H

OLD VALUE
1.0000E 22
1.0000E 15
1.0000E 5
1.0000E -5
1.0000E-10
.5623E-13

REL SHIFT .
78.3235
9.5097
13.0862
14.4194
60.5517.
1.2489

NEW VALUE
7.9324E 23
1.0510E 16
1.4086E 6
1.5419E -4
6.1552E -9
1.2647E-13

95

REL ERROR
170.9911
10.4051
19.2960
13.9515
21.1851
12019
1944

REL ERROR
170.9911
10.4051
19.2960
13.9515
21.1851
1.2019

.1944

REL ERROR

170.9911

10.4051

19.2969

13.9515

21.185,1v -".’“
1.2019



96

CURVE 1 TOT MMOLES proton  6.6359E-01 -.3822 6.3822E-01 1944
100 ITERATIONS IN CCFR AT POINT 28

ITERATION 6 SIGMA= 9.81626 SUM OF SQUARES = 7.3233E+03
MARQUART PARAMETER FOR NEXT ITERATION 4.3178E-02

PARAMETER OLD VALUE REL SHIFT NEW VALUE REL ERROR
BETA C 1.0000E 22 ’ 78.3235 7.9324E 23 170.9911
BETA D 1.0000E 15 9.5097 1.0510E 16 10.4051
BETA E 1.0000E 5 13.0862 1.4086E 6 19.2960
BETA F 1.0000E -5 14.4194 1.5419E™-4 13.9515
BETA G ) 1.0000E-10 60.5517 6.1552E -9 21.1851
BETA H . S5623E-13 1.2489 1.2647E-13 1.2019

CURVE 1 TOT MMOLES proton  6.6359E-01 -.3822 6.3822E-01 .1944
ITERATION 7 SIGMA= 6.65210 SUM OF SQUARES = 3.3630E+03

PARAMETER OLD VALUE REL SHIFT NEW VALUE  REL ERROR

BETA C 1.0000E 22 78.3235 7.9324E 23 170.5911
BETA D 1.0000E 15 9.5097 1.0510E 16 10.4051
‘BETAE | ' 1.0000E 5 13.0862 1.4086E 6 19.2960
BETA F 1.0000CE -5 14.4194 1.5419E -4 13.9515
BETA G 1.0000E-10 60.5517 6.1552E -9 21.1851
BETA H 5623E-13 1.2489 1.2647E-i3 1.2019
CURVE 1 TOT IViMOLES proton  6.6359E-01 . -3822 6.3822E-01 1944

ITERATION 8 SIGMA= 6.17705 ' SUM OF SQUARES = 2.8999E+03

PARAMETER OLD VALUE REL SHIFT NEW VALUE  REL ERROR .~—
BETA C 1.0000E 22 78.3235 7.9324E 23 -170.9911



BETA D |
BETA E
BETA F
BETA G
BETA H
CURVE 1 TOT MMOLES proton

1.0000E 15
1.0000E 5
1.0000E -5
1.0000E-10
5623E-13

6.6359E-01

100 ITERATIONS,IN CCFR AT POINT 16

ITERATION 9 SIGMA= 6.00758
PARAMETER OLD VALUE

BETA C 1.0000E 22
BETA D 1.0000E 15
BETA E 1.0000E 5
BETA F 1.0000E -5
BETA G 1.0000E-10
BETA H 5623E-13

CURVE 1 TOT MMOLES proton

6.6359E-01

100 ITERATIONS'IN CCFR AT POINT 16

100 ITERATIONS IN CCFR AT POINT 42

9.5097
13.0862
14.4194
60.5517
1.2489
-.3822

REL SHIFT

78.3235
9.5097
13.0862
14.4194
60.5517
1.2489
-.3822

1.0510E 16
1.4086E 6
1.5419E 4
6.1552E -9
1.2647E-13
6.3822E-01

SUM OF SQUARES = 2.7429E+03

NEW VALUE
7.9324E 23
1.0510E_16
1.4086E 6
1.5419E -4
6.1552E -9
1.2647E-13
6.3822E-01

ITERATION 10 SIGMA= 5.76580 SUM OF SQUARES = 2.5266E+03

PARAMETER
BETA C
BETA D
BETA E
BETA F
BETAG -
BETA H

CURVE 1 TOT MMOLES proton

OLD VALUE

. 1.0000E 22

1.0000E 15
1.0000E 5
1.0000E -5
1.0000E-10
5623E-13

6.6359E-01

REL SHIFT
78.3235
9.5097
13.0862
14.4194

605517

1.2489
-.3822

NEW VALUE
7.9324E 23
1.0510E 16
1.4086E 6
1.5419E -4
6.1552E -9
1.2647E-13
6.3822E-01

97

10.4051
19.2960
13.9515
21.1851
1.2019 -
.1944

REL ERROR
170.9911
10.4051
19.2960
13.9515
21.1851
1.2019

.1944

REL ERROR
1709911
10.4051
19.2960
139515
21.1851
1.2019

.1944



ITERATION 11 SIGMA=

PARAMETER
BETA C
BETA D
BETA E
BETAF
BETA G
BETA H

3.10570  SUM OF SQUARES = 7.3305E+02

OLD VALUE
1.0000E 22
1.0000E 15
l.OOOOE 5
1.0000E -5
1.0000E-10
.5623E-13

CURVE 1 TOT MMOLES proton  6.6359E-01

h07j9703  atob 002 -

11 ITERATIONS

REFINEMENT TERMINATED SUCCESSFULLY

CHI-SQUARED = 16.76

REL SHIFT
78.3235
9.5097
13.0862
14.4194
60.5517
1.2489
-.3822

NEW VALUE
7.93245 23
1.0510E 16
1.4086E 6
1.5419E -4
6.1552E -9
1.2647E-13
6.3822E-01

98

REL ERROR

170.9911

10.4051
19.2960
13.9515
21.1851
1.2019
1944

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

SIGMA = 17139

BETA A CONSTANT
BETA B CONSTANT
BETA C REFINED
BETA D REFINED
BETA E REFINED
BETA F REFINED
BETA G REFINED
BETA H REFINED

TOT MMOLES  proton

74763

VALUE REL STD DEV  LOG BETA  STD DEVIATION
2.51189E 17 17.40000 0
6.30957E 25 25.80000 0
9.97866E 22 9945 22.99907 EXCESSIVE 2
8.86267E 14 7507 14.94756 60319 2

4.04572E 5 7375 5.60700 58094 2
1.17669E -5 7542 -4.92934 60938 2
4,70351E-10 0985 -9.32758 04503 1
6.30840E-14 0775 ~13.20008 .03504 0

CURVE INITIAL VALUE FINAL VALUE STD DEV
1 66359 .00006

12
14
12
10

1-4
0-1
0-1



99

CORRELATION MATRIX - PARAMETERS ORDERED AS ABOVE
1 2 3 4 5 ¢

2 -.07

3 .23 .33

4 21 35 94

5 .00 .02-02 .05

6 .00 .00 .00 -.01 -.33

7 .00-.04 .04-.10-54 .08

' REFINEMENT CONTINUES WITH WEIGHTS OBTAINED FROM THE CALCULATED TITRATION
CURVES

ITERATION 1 SIGMA= 1.38890 SUM OF SQUARES = 1.4661E+02

PARAMETER OLD VALUE REL SHIFT NEW VALUE REL ERROR

BETA C 1.000CE 22 78.3235 7.9324E 23 1709911

BETA D 1.0000E 15 9.5097 . 1.051CE 16 10.4051

BETA E 1.0000E 5 13.0862 1.4086E 6 19.2960 .

BE'I;A F 1.0000E -5 144194 1.5419E -4 . 13.9515

BETA G 1.0000E-10 60.5517 6.1552E -9 | 21.1851

BETA H 5623E-13 1.2489 1.2647E-13 1.2019
CURVE 1 TOT MMOLES proton  6.6359E-01 -.3822 6.3822E-01 .1944
CURVE 1 TOT MMOLES proton  7.4763E-01 -.0022 74747E-01 0035

ITERATION 2 SIGMA= 132149 SUM OF SQUARES = 1.3272E+(2

PARAMETER OLD VALUE REL SHIFT NEW VALUE REL ERROR

BETA C 1.0000E 22 78.3235 7.9324E 23 170.9911
BETA D 1.000QE 15 9.5097 . 1L.O510E 16 10.4051
BETA E 1.000QE 5 13.0862 1.4086E 6 19.2960
BETA F 1.000QE -5 14.4194 1.5419E -4 13.9515
BETKfé ‘ l.OOOdE-lO 60.5517 6.1552E -9 21.1851

BETA H . .5623E-13 1.2489 1.2647E-13 1.2019



CURVE | TOT MMOLES proton

ITERATION 3 SIGMA= 1.31702

PARAMETER
BETA C
BETA D
BETA E
BETA F
BETA G
BETA H
CURVE 1 TOT MMOLES proton

6.6359E-01

OLD VALUE
1.000CE 22
1.0000E 15
1.0000E 5
1.0000E -5
1.0000E-10
.5623E-13
6.6359E-01

-.3822

REL SHIFT
78.3235
9.5097
13.0862
14.4194
60.5517
1.2489
-.3822

6.3822E-01

SUM OF SQUARES = 1.3183E+02

NEW VALUE

© 7.9324E 23

1.0510E 16
1.4086E 6
1.5419E -4
6.1552E -9
1.2647E-13

6.3822E-01~

ITERATION 4 SIGMA= 131558 SUM OF SQUARES = 1.3154E+02

PARAMETER’
BETA C
BETA D
BETAE
BETA F
BETA G

BETA H

CURVE 1 TOT MMOLES proton

OLD VALUE
1.0000E 22
1.0000E 15
1.000CE 5
1'0000},:7 -5
1.0000E-10
5623E-13
6.6359E-01

REL SHIFT
78.3235
9.5097
13.0862
14.4194
60.5517
1.2489
-.3822

NEW VALUE
7.9324E 23
1.0510E 16
1.4086E 6
1.5419E -4
6.1552E -9
1.2647E-13
6.3822E-01

ITERATION 5 SIGMA= 1.31528 SUM OF SQUARES = 1.3148E+02

PARAMETER
BETA C
BETA D
BETA E
BETA F
_BETA G
BETA H
CURVE 1 TOT MMOLES proton

OLD VALUE
1.0000E 22
1.0000E 15
1.0000E 5
1.0000E -5
1.0000E-10
.5623E-13
6.6359E-01

REL SHIFT
78.3235
9.5097
13.0862
14.4194
60.5517
1.2489
-3822

NEW VALUE
7.9324E 23
1.0510E 16

" 1.4086E 6

1.5419E -4
6.1552E -9
1.2647E-13
6.3822E-01

100

1944 7

REL ERROR
170.9911
10.4051
19.2960
13.9515 -
21.1851
12019

1944

REL ERROR
170.9911
10.4051
-19.2960
13.9515
21.1851
1.2019

.1944

REL ERROR
1709911
10.4051
19.2960

+ 139515

21.1851
12019 ~

1944



h07j9703

atob____.002

5 ITERATIONS

REFINEMENT TERMINATED SUCCESSFULLY

CHI-SQUARED = 12.13

101

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

SIGMA = 13153
VALUE REL STD DEV

BETA A CONSTANT  2.51189E 17
BETA B CONSTANT  6.30957E 25
BETA C REFINED 9.97866E 22
BETA D REFINED 8.86267E 14
BETA E REFINED 4.04572E 5
BETA F REFINED 1.17669E -5
BETA G REFINED 4.70351E-10
BETA H REFINED

TOT MMOLES proton 1 74763

6.30840E-14

LOG BETA

9945 |
7507
1375
7542
.0985
0775

STD DEVIATION

17.40000
25.80000
22.99907
14.94756
5.60700
-4.92934
-9.32758
-13.20008

" CURVE INITIAL VALUE FINAL VALUE

74729

CORRELATION MATRIX - PARAMETERS ORDERED AS ABOVE

2 -05
3 .20
4 .17
5 .00
6 .00

.32
41
.04
.00

.85

-.04 .06

.00 -.01 -.32

7 .00-08 .09-.13-50 .05

RESIDUALS PLOTS - UNITS OF SD

-3

-2 -1 0

1.3153

2

++ttt

EXCESSIVE
.60319
.58094
.66938
.04503

.03504

STD DEV
.00014

MMwNOO



1+
2+
3+
4+
S+
6+
7+
8+
9+
10 +

12 +
13 +
14 +

16 +
17 +
18 +
19 +
20 +
21 +
22 +
23 +
24 +
25+
26 +
27 +

28 +

29 +

30 +
31 +
32 +
33+
34 +

+3

+3

+3

+3

3+

+3

+3

102



103

35+ + + + 3 + + +

36 + + + + 3 + + +
37 + + + + 3+ + +
38 + + + + ‘+3 + +
39+ + + + +3 + +
40 + + + + +3 + +
41 + + + + . 3+ + +
42 + + + + 3+ | + +
43 + + + + 3 0+ + +
M+ + + + 3 + + +
. 45+ + + +3 + + +
46 + + + 3+ + -+ +
47 + + + 3+ + + +
48 + + + 3' + + + +
49 + + + 3+ + + + -
50 + + +3 + + + +
51+ + 3 + + + +
52 + + 3+ + + + +
53 + + 3 + + + + +
54 + + 3+ + ot + +
55+~_ + 3+ + .+ + +
56;-: + 3 + + + + +
57 + + . 3+ + + + +
58 + +"' + 3 0+ + + +
59 + + + + + 3 + +
60 + + + + + + 3
61 + + + + + + 3
62 + + + + + + 3+
63 + + + + + 3 +
64 + + + + . 43 + +
65 + + + + 3 + + +'
66 + o + +3 + + +
67+’ + . + 3+ | + + +

68 + + + 3+ . + + +



69 +
70 +
71 +
72 +
B+
74 +
75 +
76 +
77 +
78 +
79 +
80 +
81 +
82 +
83 +

h07j9703
CURVE 1

PERCENT FORMATION RELATIVE TO TOTAL CONCENTRATION OF metall

atob .002 .

1.8 +
1.8 +
19 +
19+
20+
2.1+
2.1 +
22+

104



23 +

25 +

2.7+

29 +

35+C

35+ C

364D C
37+D C
38+ D C
39+ DC
40 + C D
42 +E Cc
43+ EC

4.6 +FC E
4.6 +CF E

4.8 + “F D

51+ D
55+ E
58+E
6.0 +E
63 +
6.5 +
6.7 +
69 +
7.1+
73+
74 +G
7.6 +G
1.7 +G
718 +G
8.0 +G
8.1+4G
8.1 +G
82+G

s

oy I s B s BLe v I s RS ¥ I '

m =—m T W T m ™ ™

105 .
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83+G *

F +
84+G * F +
84+ G * F +
85+G * F +
86+G - * F +
86+ G * F +
87+ G * F +
87+ G * F +
87+ G * F +
88+ G * F +
88+ G * F +
88+ G * F +
89+ G * F +
89+ G * F +
89+ G * F + -
9.1 + * G F +
93+ * G F +
95+ * G F +
9.6+ * G " F +
9.7+ * G F +
9.7+ * G F +
98+ * G F +
98+ * G F +
99+ * G F +
99+ * G F +
99+ * G F +
99+ * G F +
104 +* G F +
10.6 +* G F +
10.6 +* G F +
10.8 +* G F +
10.9 + G F +
1.1 + G F +

e

11.1 + G F +
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11.2 +

G F +
113 + G F +
113+ G F +
114 + G F +
114 + G F +.

h07j9703 atob____.002

CURVE 1

PERCENT FORMATION RELATIVE TO TOTAL CONCENTRATION OF ligand]

19 +
1.9 +
2.0+
2.1+
2.1 +
22+
23+
25+

27+

mmmmmmmmmmmmmm

29+
33+AC B +
35+DA C ‘ B +
364D A C . B +
37+D A C- B +
38+ DA C B T
3.9 + ADC B ‘ +

4.0 +E AC D B +
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42 +E CA B D ‘ +
43+ E C A D +
46 +FBC A E D +
46 +BF A E D +
48 +A F D E +
51+ D E . F _ +
55+ E F +
58+E F +
6.0 +E . F+
63+
6.5 + .
6.7 +
6.9 +
71+
73 +
74 +
7.6 +
7.7 +,
7.8 +
8.0 +
8.1+
8.1+
82+
83+
8.4 +
8.4 +
85+
8.6 +
8.6 +
8.7 +
8.7 +

A 8.7+
8.8 +

’11’11’11”ﬂ*ﬂ*ﬂ*ﬂ”ﬂ*ﬂ”ﬂ”ﬂ*ﬂ*ﬂ*ﬂ”ﬂ*ﬂ*ﬂ”ﬂ*ﬂ”ﬂ*ﬂ”ﬂ*ﬂ*ﬂ*ﬂ

8.8 +



8.8 +
89 +
8.9 +
89 +
9.1 +
93+
9.5+
9.6 +
9.7+
9.7 +
9.8 +
9.8 +
99 +
9.9 +
99+
9.9 +
104 +
10.6 +
10.6 +
10.8 +

10.9 +
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11.1 +

o o]

111+
112 +
113 +
11.3 +

114 +
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19 +

19 +

20+

2.1+

2.1+

22+

23+

25+

2.7+

29 +
33+4C *
35+AC *
36 +AC*
37+ A*C
384 * C
39+ * AC

40+ * AC

42+ *
43+ *
4.6+
4.6 +
48 +
5.1+
55+ E
58 +E
6.0 +
6.3+
6.5 +

CA
Cc

A
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6.7 +
6.9 +
7.1+
7.3 +
74 +
7.6 +
7.7 +G
7.8 +G
8.0 +G
8.1 4G
8i+G
8.2 +G
8.3 +G
8.4 +G
8.4 +G
8.5 +G
86+ G
86+G

87+G

87%G
87+G
88+G
88+G

8.8 +HG

8.9 +HG

89+HG

89 +H

G

9.1+ H G

93 +
9.5 +
9.6 +
9.7+
9.7 +
9.8 +

HG
HG
HG
HG
HG
HG

F+
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' ‘ 112

98+ HG F +
99+ HG F +
99+ HG F +
99+ HG F +
99+ GH F +
104 + G H F +
106+ G H F +
10.6 + G H F +
108+ G H +
109+ G F H +
1.1+ G F H -. +
1.1+ G F - H : +
112+ G F H +
113+ G F H +
113+ G F H + N
14+ G F H +
114+ G F . H +

Stop - Program terminated.





