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EXECUTIVES~RY

The present annual report covers the penod of January 1, 1998 - December 31, 1999

Dunng thIS penod, the followmg stages of the project were carned out

a) The purchase of sUitable software for the mvestIgatIOn of the kmetics of IOdIde oXIdatIOn

b) A spectrophotometnc method for the determmatIOn of vanous IOdme compound

concentratIOns In mmeralIzed waters was Improved

c) The eqUIlIbnum and kmetics of IOdIde oXIdatIOn was studIed at 25°C as a functIOn of the

followmg parameters

oXIdanthodide molal ratIo (0 5 - 1 7),

molalIty ofchlonde (1 0 - 5 28 mol/lOOO kg H20),

Imtial concentratIOn of IOdIde (0 0002 - 00006 M),

concentratIOns of oXIdazible ImpuntIes Br (0 003 - 0 006 M), H2S (2 - 10 mg/l),

Fe2
+ and Fe3+ (14 mg/l), naphthemc aCId (50-100 mg/l) for solutIOns wIth

average mIneralIzatIOn (2 84 mol CI /1 000 kg H20) and IOdIde concentratIOn

o 0004M

d) A method for calculatmg the mam kmetIcs parameters (order and rate constant) for

stOichIOmetnc ratio of oXIdanthodide was developed

e) The algonthms of the SolutIon for kmetic problems m the first approXimatIOn have been

developed the dIrect algonthm (a calculatIOn of reagent concentratIOns and reactIOn

product concentratIOns vs tIme by usmg known kmetic parameters) and the reverse

algonthm (eStimatIOn ofkmetic parameters by Implementmg expenmental data)

RESEARCH OBJECTIVES

A IntroductIOn

The process of IOdIde OXIdation proceeds through a number of several fast,

consecutive-concurrent reactIOns (Ksenzenko and StasmevIch, 1995) of OXIdatIOn, complexatIOn

and hydrolYSIS The system m the eqUIlIbnum contams the mitIal and final substances (I, Ch, CI,

h,) side-by-side WIth mtermedlate compounds (I2CI, 13 , ICI, ICh, 10H, 10, 103 , etc) The

composItion of an eqUIlIbnum system depends on the composItIOn of the InItial bnne, the OXIdant

content added, the content of OXIdIzable ImpuntIes, on pH and temperature We have recently

proposed (Kazantseva et ai, 1998) several hypotheses that allowed us to estImate the mechamsm of

2



IOdIde oXIdatIOn by chlonne m mmeralIzed solutIOns dependmg on vanous factors A system that

was formed m chlonde bnnes due to IOdIde oXIdatIOn, contams too many components absorbmg

lIght at close wavelengths m order to determme the concentratIOns of all eXIstmg substances m a

solutIon by a spectrophotometnc analysIs Taking mto consIderatIon the mdustnal aspects of the

current project, we SImplIfied a system m order to estImate the contents of the mam IOdme

compounds wIth maxImal trustworthmess

Accordmgly, wIth the acceptable condItIons of IOdIde productIOn, the pHs3 values should

be kept for hIgh IOdme yIeldmg A prehmmary study showed that the hydrolYSIS of IOdme m

mmeralIzed SolutIons was suppressed under these condItIons HOI, WhICh IS the most SIgnIficant

mtermedIate m the IOdme and IOdme monochlonde hydrolYSIS, becomes protonated around pH=2

(Lengyel et aI, 1996) The formatIOn of oxygen contammg IOdme compounds was not observed

dunng IOdIde OXIdatIon m a natural bnne WIth chlonde concentratIon of 3 5 molll and pH=3

(Emepesova et al, 1988 and Emepesova, 1990) In order to completely suppress IodIde hydrolysIs

m solutIOns WIth chlonde concentratIOns of 0 1-1 0 molll, It IS enough to keep pH around 1

(Margerum et ai, 1986) The hydrolYSIS path was not observed m the study of ICh reactIon WIth I

m solutIOns contammg chlonde concentratIOns of 0 I-10M for pH that equaled eIther 0 or 1 In

SolutIons WIth hIgher chlonde concentratIons, the IOdIde hydrolYSIS has to be suppressed at a lesser

SolutIon aCIdIty Therefore, we assume that at condItIOns close to mdustnal ones, the first

mechanIsm that excludes the formatIon of oxygen contammg IOdIde compounds at pH<2 IS the

mam mechamsm

In accordance WIth the thIrd mechanIsm, at pH >2 the hydrolytIC reactIons of IOdme and

chlonne occur, and oxygen-contammg compounds are formed The mechamsm of IOdme

hydrolySIS m salt free solutIOns was studIed m detaIl by Palmer and LIetzke (1982), Deane and

Marsh (1985) and Wang et al (1989) Smce the values of molar extmctIOn coeffiCIents for

oxygen contammg IOdme compounds are SIgnIficantly smaller than those for halogen contammg

compounds (Kazantseva et aI, 1998, Table 4), It IS ImpOSSIble to determme the concentratIOns of

IOdme hydrolYSIS products HID II 10 m solutIOns WIth hIgh chlonde content Therefore, the

pOSSIbIlIty to study a system by the thIrd mechanIsm usmg spectrophotometry was not found

lodme monochlonde easIly forms dichiormodate ICh, whIch IS very stable m SolutIons

WIth chlonde concentratIOns of 0 5 M or larger (Cazon and Neumann, 1961) Therefore, amount

of monochlonde eXIstmg m the studIed solutIOn IS neglIgIble In mdustnal processes of IOdme

productIon, the OXIdant excess does not exceed 1 5-1 7 comparatIvely to stOIchIOmetnc amount

Cazon and Neumann (1961) found that four tImes the excess of OXIdant IS necessary for IC4
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formatIon Therefore, we assume that at gIven condItIons the ICl4 concentratIons are neglIgIble

TakIng Into consIderatIon all the above-mentIOned, It IS necessary for studyIng the eqUIlIbnum

and kmetics of IOdIde oXIdatIon m natural bnnes and for determmatIOn of the optImal

technologIcal regIme, to determIne the Influence of vanous factors on the formatIon of the

followmg compounds I (imtIaI compound and suboxided IOdIne form), h (suboxided IOdme

form), hand hCI (target IOdIne forms) and ICh (peroxIded IOdme form) The proposed

mechamsm of IOdIde oXIdatIOn IS descnbed by the follOWIng reactIOns

C + Clz ¢:> ICIl: (1)

ICIl: ¢:> ICI + CI- (2)

ICI + C ¢:> IzCI- (3)

12Cl- ¢:> 12 + Cl- (4)

12 + I- ¢:> 13" (5)

I2Cl- + CI- ¢:> ICIl: + C (6)

ThIS set of reactIOns IS usually used for the descnptIOn of the IOdIde oXIdatIOn by vanous

oXIdants It was found that IOdIne monochlonde IS an essentIal mtermedlate compound (Beck

and Rabat, 1986, Kumar et ai, 1986 and Nagy et ai, 1988) at IOdIde oXIdatIOn by vanous

chlonne contaInmg compounds ContnbutIOns of hIgh Wand CI concentratIOns gIve ICh as the

predommant specIes m solutIOn (Margerum et aI, 1986) The reactIOns wIth the formatIon of

chlonde and IOdIne compounds In solutIOns wIth Iomc strength less than 1 0 were studIed by the

pulsed-accelerated-flow method (Kumar et ai, 1986, Margerum et aI, 1986 and Nagy et ai,

1988) Expenmental studIes devoted to IOdIde OXIdatIon by chlonne m solutIOns WIth large

chlonde concentratIOns are not numerous (Abrosimova et ai, 1976, Emepesova et ai, 1988)

The eqUIlIbnum constants and rate constants for major reactIOns presented above are

summanzed In Table 1

Table 1 The eqUIlibrIUm and rate constants for IOdIDe compounds at 25°C

ReactIOn a EqUIlibrIUm Rate constants LIterature source

constants

ICIl:
1..2 ) K2=0 0060 M* k2»66 104 s *'" '" Cazon and Neumann,

K2=0 013 M *-1<:,< 108 MIs I<k 2<6 109 M IS 1 1961
( ICI + CI-

(dIffuSIOn hmIt) "'*
*'" Margerum et al , 1986

L 2 ",-1<* Wang et ai, 1989

ICl+C
1..3 )

K3=73 108 M 1* k3=1 1 109 MIs 1'" * Margerum et ai, 1986

k-3=1 5 s 1* *'" Wang et ai, 1989
( 12CI- k3=5 1 108 M I S1*-l<L 3
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L3=0 7 s I h

12Cl-
k4 ) ~=060M ~=5 104 s I Margerum et al , 1986

( 12 +CC
L 4

12 +r
ks ) Ks=748 M 1$ ks=62 109 M I s I * $ Ramette & Sandford,

Ks=710 M 1$$ Ls=7 5 106 S1 * 1965,
( 13 ks=5 6 109 M I S1 ** $$ Ksenzenko & StasmevIch,

L s
Ls=75 106 s 1 ** 1995,

'" Turner et ai, 1972
.j<* Ruasse et al, 1986

12 + Cl- k 6 ) ~=1 7MI * *Cazon & Neumann, 1961

~=166MI ** ** Ksenzenko &
( 12Cl- StasmevIch, 1995

L 6

12Cl- +Cl- k7 ) Kr 1 1210 7 Emepesova et al, 1988

ICll: +r
K7=69 10 8

(
k_7

aThere IS no kinetIcs data for reactIOn #1 m lIterature

The rate constants show that the above reactIOns are extremely fast, so that they cannot be

studIed by eIther stopped-flow or relaxatIOn methods Smce our eqUIpment allows studymg

reactIons startmg With 0 1 s, It was Impossible for us to mvestigate a separate reactIOn and to

determme ItS kmetlcs parameters The purpose of the current stage of our project was to determme

the mechamsm of oXIdatIOn processes m solutIOns wIth large chlonde contents, the optImal

conditIOns of oXIdatIOn processes and the calculatIOn of total rate constants dependmg on process

parameters (solutIOn compOSitIOn, oXIdant amount and temperature)

B Experimental sectIOn

Bl Reagents

Chlondes of sodIUm, calcIUm and magneSIUm, and potaSSIUm IOdIde of analytIcal grade

have been used to prepare model solutIOns resemblIng the underground natural bnnes of

Turkmemstan A basIc solutIOn has been prepared WIth the largest chlonde concentratIOn amongst

the natural studIed bnnes with the followmg Iomc concentratIOns (mol (kg H20rI) mCa2+=O 5498,

mMg2+=O 0921, mNa+=4 6462, mHC03 =00007, mS042 =00013, mel =59269, Im=6 5734 (Kazantseva

et al, 1998, brme #13, Table 3) Less concentrated solutIOns were prepared by dllutmg the basIc

solutIOn wIth distilled water 0 1M solutIOn of KI was prepared usmg a standard KI solutIOn and

was used as a basIc solutIon for the preparatIOn of solutIOns contammg IOdide Ions by their dIlutIOn
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to the reqUired concentratIOns WIth a salme solutIon Chlonne water used for IOdIde OXIdatIon was

obtamed by passmg gaseous chlonne through cooled dIstIlled water Gaseous chlonne was obtamed

by a reactIOn between HCl and KMn04 The prepared chlonne water was kept m a refrIgerator and

Its concentratIOn was detenmned WIth IOdometnc tItratIOn dIrectly before each OXIdatIOn

expenment The measured volume of a standard solutIOn of I2+KI was added to an ahquot of the

chlonne water, and the excess of iodme was determmed by volumetnc tItratIOn WIth 001 M

Na2S203 usmg starch solutIOn as an mdicator

The preparatIOn of natural solutIOns WIth OXIdIzable compounds was carned out as follows

a) 0 1M solutIOn of KBr was prepared usmg a standard KBr solutIOn and was used as a

baSIC solutIOn for the preparatIOn of solutIOns contammg bromIde Ion by their dilutIOn to

the reqUired concentratIOns With a salme solutIOn,

b) H2S solutIOns were prepared by the followmg procedure a calculated amount of Na2S

was added to a mmeralIzed solutIOn After addmg aCId to the solutIOn up to pH=2, the

formation ofH2S took place H2S content m the solutIons was determmed by addmg an

excess of h + KI solutIOn WIth a known concentratIOn to a sample and then by back

tItratIOn WIth 0 1M Na2S203 (Rezmkov et aI, 1963)

c) SolutIOns contaImng 1 g Fe2
+ and Fe3

+ per liter have been prepared usmg FeS04 and

FeCh of analytical grade, respectively, and were used as baSIC solutIOns for the

preparatIOn of solutIOns contaImng fernc Ions by theIr dIlutIOn to reqUired concentratIOns

WIth a salme solutIOn Fe2
+ concentratIOn was determmed by colonmetnc analysIs WIth

usmg 1,10-fenantrohne (Lune and Rybmkov, 1974) Fe3
+ concentratIOn was determmed

by complexonometry analysIs WIth sulphosahcyl aCId as an mdicator (Rezmkov et al ,

1963)

Modelmg the compOSItion of natural bnne of Cheleken oil field (NIJazov, 1962) was

attempted usmg low molecular fractions of natural naphthemc aCids obtained from Turkmemstan

Oil However, the mtroductIOn of such aCIds m a mmerahzed solutIOn leads to the formatIOn of a

collOIdal cloudy solutIOn that cannot be subjected to spectral analysIs Therefore, we used sodIUm

salt of cyclohexanecarbomc aCid C6HIlCOONa mstead of naphthemc aCid for the preparatIOn of

model solutIOns 1 gil solutIOn of C6HIlCOONa was prepared and used as a basic solutIOn for

prepanng solutIOns contaInmg naphthemc aCId by theIr dIlutIOn to the reqUired concentratIOns WIth

a sahne solutIOn The above naphthemc aCIds were supphed by Prof A NIJazOV (Head of the

Laboratory of Orgamc SynthesIs at the InstItute of ChemIstry)

Dunng the kmetic expenments, solutIOns contammg IOdIde and chlonne water were mIxed

m a mIxmg cell In order to prevent changes m the solution compOSition (undergomg mixmg dunng
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kInetIc expenments) the mIxed IOdIde contaInmg solutIOn and chlonne water had the IdentIcalIOntc

matnx and pH values

B2 Spectrophotometric Measurements

UVIVIsIble measurements were conducted wIth a Hewlett Packard dIOde array

spectrophotometer (8453 UV-VIsIble Spectrophotometer) Interfaced wIth a HP Vectra XA 5/133

computer All scans were performed at 25±loC Spectral data were obtamed from 200 to 600 nm

for all compounds In all UV/vlSlble regIOn, slIt wIdth of the Instrument has a default set of2 nm

To compensate for absorbency of chlonde and other actIve optIcal compounds, solutIons haVIng

the same composItIon WIth the exceptIOn of IOdme compounds, were measured as blank SolutIons

B3 Kmetlc measurements

KInetIc measurements were carned out usmg a SFA-20 RapId KmetIcs Stopped-Flow

Accessory of HI-Tech SCIentrfic combmed WIth a spectrophotometer ThIS model compnses a

dnve untt, a constant temperature supply tube and an observatIon cell WIth an Integral mIxer

SolutIon reservOIrs, dnve syrInges, a mIXIng cell and solutIOns used for kInetIC expenments were

kept at 25±loC The dead-tIme of the stopped-flow apparatus was approxImately 20 ms, and the

mInImUm collectIOn tIme of spectrophotometer was 0 1 s The tIme reqUIred for thorough mIxmg

of the solutIOns entenng m a mIxmg cell was determmed by the change of absorbency at 225 nm

whIle mIxmg the solutIOns WIth or WIthout IOdIde The tIme for mIneralIzed solutIons was found

less than 0 1 sec Every reactIon was measured at wavelengths of 225, 248, 350 and 474 nm

Three to seven replIcate runs were conducted m order to obtam concentratIOns of the mam Iodme

compounds and the expenmental rate constant was calculated WIth hIgh preCIsIon

B4 Spectrophotometric procedure for kmetlc studies of IOdide oXidatIOn

In order to calculate concentratIOns of the mam IOdme compounds I, h, h+hCI, ICh,

the spectra of the reactIon mIxtures were analyzed by a method developed espeCIally for such

bnnes (Kazantseva et at, 1998) Dunng kmetIc calculatIons, It was concluded that the use of the

average extmctIOn coefficIent of SumI2 at a wavelength 350 nm accepted by us earlIer

(Kazantseva et ai, 1998), resulted m consIderable errors Therefore, thIS extmctIOn coefficIent

was recalculated takIng mto account the mfluence of the chlonde concentratIOn On the baSIS of

the absorbance spectra of SolutIons WIth a constant IOdme concentratIOn and vanable chlonde
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concentratIOns (Kazantseva et aI, 1998, chapter B3b) the dependence of the extInctIOn

coefficIent e(Sumh 350) on the chlonde molahty mCI- has been estImated as

e(SumIz 350)=1802+063 (mcl-)3 (7)

The value of the extInctIOn coefficIent of h was checked once more at a wavelength of 350 nm

At the studIed h concentratIon range (1 5 10 6-2 5 10 4) the value of e(h 350) was found to be

equal to 25,000 These findIngs cOIncIde wIth hterature data from Palmer et al (1984) The

concentratIon of1zCI was calculated WIth the use of values of optIcal densIty at a wavelength of

248 nm and the extInctIOn coefficIent e(hCI, 248) equal to 39,600 (Abroslmova et aI, 1976)

The spectral parameters obtaIned (Table 2) have been used to Improve the calculatIOns of IOdIne

compound concentratIOns at theIr common presence

Table 2 The maIn spectral characterIstics needed for calculatIng
concentratIOns of IOdIne compounds

IodIne Analytical band Error of absorptIOn ExtInctIOn coefficient,
compound length, nm measurIng, 0/0 dm3 mOrl cm 1

r 225 020 12,875±30
248 542 1,012-66 1 mCI-

SumIz 225 2 17 8,400+4,276 log IIlcI-
248 036 20,923+14,255 log rncl-
350 3 12 1802+063 (mcl-i
474 1 35 610 2±19 4

1Ch 225 021 47,100±360
248 040 7,040±274
350 282 217 6±6 0
474 1583 10 3±3 1

13 350 062 25,000±400

B4a An Improved algorithm for calculatIng IOdIde compound concentratIOns

1 CalculatIOn ofextInctIOn coefficients dependence on mCI
e(SumIz 225), e(SumIz 248), e(SumIz 350), e(I 248)

2 CalculatIon of SumIz concentratIOns for absorptIOn In 474 nm {A(474)}, where A IS the
absorptIOn at a wavelength gIven In brackets

(SumIz 474)=A(474)/e(SumIz 474) Iv
where Iv=1 cm IS the path length In VISIble regIOn,
e(SumIz 474)=6102

3 LIght absorptIon calculatIOn ofSumIz In 225,248 and 350 nm
A(SumIz 225)=(SumIz 225) e(SumIz 225) lu
A(SumIz 248)=(SumIz 248) e(SumIz 248) lu,
A(SumIz 350)=(SumIz 350) e(SumIz 350) lu,
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where lu IS the path length III ultravIolet regIOn
where lu=O 2 cm

4 CalculatIOn of dIfference of lIght absorptIOn at wavelengths of 225, 248 and 350 nm and that
of SumI2 at the same wavelengths

6. A(225)=A(225)-A(SUmI2 225)
6. A(248)=A(248)-A(SumI2 248)
6. A(350)=A(350)-A(Sumh 350)

5 SelectIon ofa calculatIon path
CalculatIOn ofKl= 6. A(225)/ 6. A(350)
If K1<20 then go to steps 6-11,17 (eIther deficIency of the oXIdant or the stOlchIOmetnc

amount of the oXIdant),
IfKl>20 then go to steps 12-17 (excess of oXIdant compared to stOlchIOmetnc amount of

oXIdant)
6 CalculatIOn ofconcentratIOn ofh

13 = 6. A(350)/(8(I3 350) Iv)
8(h 350)=25,000

7 CalculatIon ofresIdual concentratIOn ofI
I R= 6. A(225)/(8(I 225) lu)
8(I 225)=12,875

8 CalculatIon ofabsorbance ofI at 248 nm
A(I R, 248)=1 R8(I 248) Iv

9 CalculatIon ofconcentratIon ofhCI
A(hCI , 248 )=A(248)-A(I R,248)
hCI =A(hCI, 248 )/(8(hCI ,248) lu),
8(hCl, 248)=39,600

10 CalculatIOn of concentratIon ofh
h=Sum 12 -hCI

11 Mass balance
Suml=2 Sumh+I R+3 h (recalculated III moles ofI)

12 CalculatIOn of concentratIon ofICh
ICh = 6. A(225)/8(ICh 225) lu
8(ICh 225)=47,100

13 CalculatIOn of absorbance ofICh III 248 nm
A(ICh-,248)=ICh- (8ICh-,248) lu),
8 (ICh-,248)=7,040

14 CalculatIOn of concentratIOn ofhCl
A(hCI , 248 )= A(248)-A(ICh ,248)
hCl =A(hCI, 248)/(8(hCl ,248) lu),
8(hCl, 248)=39,600

15 CalculatIOn of concentratIOn ofh
h = Sum 12- hCl

16 Mass balance
Sum2=2 Sumh+ ICh (recalculated III moles ofI )

17 Error calculatIOn, %
error=(f1llIt-Sum) 1001l 1Dlt, where I lmt IS the InItIal concentratIon of IOdIde
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B4b PrecIsion of measurement and calculatIOn procedures

The precIsIon for the expenmental determmatlon of absorptIOn was determmed by

conductmg several parallel measurements (n=3-7, Table 2) The largest mIstakes observed were

due to the absorptIOn of ICh at 474 nm (158%) and I at 248 nm (542%) However, these

values were not sIgmficant for our calculatIOns The extmction coeffiCIent of ICh at 474 nm IS

neglIgIble compared to that of Sumh at the same wavelength and therefore was Ignored m our

calculatIons The extmctIOn coefficIent of I at 248 nm IS used for the calculatIon of hCI

concentratIOn, whIch does not play sIgmficant role m the current study The total preClSlon of the

developed method for the calculatIOn of IodIde compounds m solutIOns WIth OXIdant excess

(Ch/2I molal ratIo < 2) was less than 5 2% Such a preclSlon IS conSIdered as qUIte acceptable

whIle conductmg kmetic studIes even m SolutIons contammg the only IOdIde compound ICh

(Wang et ai, 1989) In technologIcal processes of IOdme productIOn, the Chl2I molal ratIO IS

kept less than 17m order to obtam hIgh outputs of a target product Therefore, the method

developed IS acceptable for studymg the problem m the current project

B5 Examples of concentration calculations of varIOUS IOdIDe compounds

The developed method was checked out on SolutIons WIth vanous chlonde concentratIOns

and addItIons of mIcrocomponents of natural solutIOns Favorable results WIth rare exceptIons (as

lIsted below) were observed (Table 3)

1 SolutIons contammg H2S Hydrogen sulfide IS OXIdIzed sImultaneously WIth IOdIde Therefore,

ItS addItIon mto ImtIal solutIOn used as a blank cannot compensate ItS contnbutIOn m the total

spectra and dIStOrtS the results obtamed

2 SolutIOns WIth mmeralIzatIOn hIgher than 50 mol CI/kg H20 The error of concentratIOn

determmation m these types solutIOns exceed 6% of that determmed by the eXIstence of small

concentratIOns of I and ICh sImultaneously m a solutIOn These two compounds have SImIlar

spectrums m ultraVIolet range Smce I does not absorb lIght m VISIble range, we tned to

calculate ICh concentratIOns usmg the dIfference between absorptIOn at 350 nm and that of

Sumh However, the error of these calculatIons conSIderably exceeded both relatIve errors of

determmatIOn for concentratIOns of other compounds and pOSSIble ICh concentratIons

Therefore, It was recommended to use only the changes of concentratIOns compnsmg total

IOdIde content m order to study the regulanty of IOdIde OXIdatIon m bnnes WIth chlonde

concentratIOns larger than 5 mol/kg H20
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Table 3 Calculated concentratIOns of IOdme compounds m solutIOns with various
t tdffi t f dd dhlcomposl Ions a I eren ratIOs 0 10 I e an c orme

Example Molal ConcentratIOn, mol/I 104 Sum I, Error,
ratIO, I Sumh h ICb moll %
Cb/21

Example 1 044 1907 1 018 0006 0 4 12 09
4088 10 4 mol Ill, 099 0220 2047 0 0 429 48
10m CI, pH= 1 1 09 0 1 850 0 0365 406 06

1 53 0 1 586 0 0797 3969 29
197 0 1 053 0 1246 335 10 1

Example 2 05 1 691 1007 0034 0 3 81 48
[I lUllt =4 000 10 4 mol/I, 1 0 0100 1 915 0002 0 394 1 7
3 28 m CI , pH = 1 12 0 1 954 0 0230 414 35

20 0 0490 0 2486 347 134
Example 3 05 1 680 0991 0012 0 390 25
[I lUllt =4 030 10 4 mol/I, 09 0366 1 730 0002 0 383 43
4 68 m CI , pH = 1 105 0187 1 830 0001 0 3 85 38

1 2 0 1 930 0 0053 391 1 9
1 6 0 1440 0 1250 413 32

Example 4 05 2476 0777 0024 0 410 o1
[I lUllt =4 100 10 4 mol/I, 1 0 0327 1 825 0009 0 401 24
2 84 m CI , pH = 1 1 3 0071 1968 0001 0 401 24
3 0 10 3 mol Br II 1 6 0 2027 0 0014 407 09

20 0 1472 0 1 143 409 04
Example 5 05 1408 1292 0 0 3992 22
[I lUllt =4 080 10 4 mol/I, 1 0 0 2006 0 0110 4122 10
2 84 m CI , pH = 1 1 4 0 1482 0 1 058 4022 14
14 mg Fe2+11 1 6 0 1 291 0 1 357 3939 35
Example 6 05 1665 1 183 0017 0 408 20
[[lUllt =4 000 10 4 mol/I, 1 0 0 1954 0 0114 4023 06
2 84 m CI , pH = 1 1 3 0 1480 0 1256 4 151 39
50 mg/l orgamc aCId 1 6 0 0924 0 2364 4212 53
Example 7 1 0 3434 0287 0010 0 4037 1 1
[I lUllt =4 080 10-4 mol/I, 20 1 882 0952 0018 0 3 839 5 1
2 84 m CI , pH = 1 30 0929 1 388 0013 0 3 031 82
2 mg H2S/I

C Results and diSCUSSion

Cl Mechamsm of IOdide OXidatIOn m highly mmerahzed chloride solutions

InvestIgatIon of IOdIde OXIdatIon by chlorme m artIfiCIal salt solutIOn (1 e WIthout the

addItIon of OXIdIzable substances) at 25°C shows that the mechamsm of the process IS controlled

by the oXIdantlIodIde molal ratIO and by a degree of mmerahzatIOn of the SolutIon The typIcal

spectrums, WhICh demonstrate the composItIon changes of the IOdIde contammg solutIOn WIth

11



tIme changes whIle mtroducmg the oXIdant are presented m FIg 1 (oxIdanthodIde stOIchIOmetrIC

ratIo) FIg 2 (deficIency ofoXIdant) and FIg 3 (excess ofoXIdant)
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FIg 1 AbsorptIon spectra at temperature of 25°C for a solutIon wIth I lllltIal concentratIon of
00004 M, chlorIde molalIty of 1 0, Ch/21 molal ratIo of I 0, pH=2 and reactIon tIme of 5
second (The black contmuous curve corresponds to tIme 0 I s, and the lIlac mterrupted
curve corresponds to 4 7 s)
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FIg 2 AbsorptIon spectra at temperature of 25°C for a solutIon wIth I lllltIal concentratIon of
00004 M, chlorIde molalIty of 1 0, Ch/21 molal ratIo of 0 75, pH=2 and reactIon tIme of 5
second (The black contmuous curve corresponds to 0 1 s, and the lIlac mterrupted curve
corresponds to 4 7 s)
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FIg 3 Absorption spectra at temperature of 25°C for solution wIth I mitIal concentration of
o0004 M chlorIde molalIty of2 84, Ch/2I molal ratIo of I 7, pH=2 and reactIon time of 5
second (The black contmuous curve corresponds to 0 1 s, and the green mterrupted curve
corresponds to 4 8 s)

The calculatIOns based on the spectrum obtamed demonstrate that the mechamsm of thIS

process IS mamly controlled by the amount of the OXIdant added At hIgh degrees of IOdIde

oXIdatIon, 1 e at Ch/2I molal ratIo IS more than stOIchIOmetrIC one, the reactIOn rate IS large and

therefore eqUIlIbrIum tIme equals to approxImately 0 1 sec and less for all ranges of chlOrIde

concentrations (FIg 4) If the oXIdant IS added m an amount less than ItS stOIchIometnc one or

close to thIs value the reactIOn rate IS then small and the reactIon system reaches eqUIlIbrIum

much slower (FIg 5-7) In low mmeralIzed brmes wIth a chlonde molalIty of 1 0 moll kg H20

eqUIlIbrIum time IS equal to approxmmtely 5 sec (FIg 5) The rate of mcrease for IOdme

concentration under these condItions IS approxImately proportional to the rate of IOdIde

concentratIon decrease These facts pomt out dIfferent mechamsms of mvestIgated processes for

the OXIdant amount less than ItS stOIchIometnc one or close to the value, and more than

stOIchiometnc one The change of the reactIon mechamsm occurs at IOdIde/oxIdant ratIo optImal

for the formatIon of IOdme

FIg 4 ConcentratIon changes for IOdme
compounds wIth time changes at
temperature of 25°C for a solution wIth
I ffilhal concentration of 0 0004 M,
cWonde molalIty of 1 0, Ch/2I molal
ratIo of 1 25 and pH=2
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Under the oXIdant excess the formation of!z, hCI, ICh compounds take place whIle the

eXIstence Of!3 and I was not observed (FIg 4) It IS ObVIOUS that the process goes accordmg to

the reactions 0-4) All these reactIons are extremely rapId as can be seen from Table 1 The rate

constant for the reaction (1) was not found m lIterature, although whIle due to large total rate of

the process under these condItions, reaction (1) IS not lImItmg one If the oXIdant IS added m an

amount less than ItS stOIchIOmetrIC one or close to this value the formation ofIz bCI h occurs

m the solution and some reSIdual amounts of I eXIst m the solution (FIg 5-7) ObVIously, the

process IS determmed by reactions (1-5) The hIgher the OXIdant amount close to the

stoichIOmetnc one the longer the eqUIlIbnum time IS At time equalmg 0 1 s (the mInImUm

experImental time accessIble for us to study the kmetIcs of the process), we observed a
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maXImum concentratIOn ofh and then Its concentratIon decreases ThIs fact IS explamed by an

extremely large eqUIlIbnum and rate constants for the reactIon of the h formatIon (Table 1) The

formatIon ofh m accord to the reactIOn (5) at the mitIal stage of the process (at the excess ofT)

IS preferable than the formatIon of hCI accordmg to the reactIon (6) due to larger values of

eqUIlIbnum constant of the reactIon (5) Ks»~, ~ = 17M (Cazon and Neumann, 1961)

When the system reaches the eqUIlIbnum, the 1 concentratIon decreases that leads to the

destructIon of 13 and the formatIon of h and hCI occur Ck-s=7 5 106
, Ruasse et aI, 1986) The

reactIon (5) moves dIrectly and reverse very qUIckly, therefore, thIs reactIon cannot lImIt the

process rate under OXIdant defiCIency

The other factor that determmes OXidatIon mecharusm of IOdIde IS chlonde concentratIon

The rate of OXIdatIon grows With the mcrease of chlonde concentratIOn Thus prOVIded that all

other parameters of the process are kept constant, the eqUIlIbnum tIme m SOlutIOns WIth

oXIdanthodide stOIchIometnc ratIo IS reduced from 4-5 s at cWonde molalIty 1 0 moIlkg H20

(FIg 5) to 1-2 sat chlonde molalIty 284 mol/kg H20 (FIg 8), then to 05 s at chlonde molalIty

468 mol/kg H20 (FIg 9) and less then 0 1 s at chlonde molalIty 52 moIlkg H20 The

eqUIlIbnum tIme IS mversely proportIonal to chlonde molalIty (FIg 10)

FIg 8 ConcentratIon changes of IOdme
compounds WIth tIme changes at
temperature of 25°C for the solutIOn
WIth 1 lllitIal concentratIon of 0 0004
M, cWonde molalIty of 2 84, Ch/2I
molal ratIo of 1 0 and pH=2
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wavelength 225 nm (ICh and I) and the
red curve corresponds to wavelength 248
nm (hCI)}

201510

Reacbon bme s

05

07

08

o5 +----~--~---.---_____.
00

15



6 ~-----------~

5

rn
Ql 4
E

.;::;

§ 3

~
~2
w

FIg 10 The dependence of eqUIlibnum tIme at
temperature of 25°C wIth chlonde molality
for the solutIOns wIth I ImtIaI concentratIOn
of 0 0004 M, Ch/21 molal ratIo of 1 0 and
pH=2

65234

Chloride molality

o +--.----,----.---,-----~---j

o

Margerum et a1 (1986) assumed that chlonde IOn suppressed the I reactIOn wIth ICI

much more than It suppressed the I reactIon wIth b due to the fact that K3«Ks and ICI reacted

56 times slower than b with I (the rate constant k3for IOdide transfer to IClis 1 1 109 MiS i,

whereas the rate constant ks for the reactIon IOdIde wIth b is 62 109 M is i) In thIS case, h

formatIon at earlIer stages of the process should be observed for bnnes wIth any Iomc matnx

Our results do not support tms suggestIOn We observed that hIgher chlonde concentratIOn is the

smaller role of reactIOn (5) for the h formatIOn plays Our expenmental data demonstrates that

at the oXIdatIon of a solutIOn with an I mitIal concentration of 0 0006 M, chlonde molality of

1 0, Ch/21 molal ratio of 1 0 and pH=2 at temperature 25°C at time 0 1 s the maXimum 13

concentration is 4 3%, while the maXimum eqUilibnum 13 concentratIOn is 2 5% For a solutIOn

wIth an I imtIaI concentratIOn of 0 0006 M, chlonde molality of2 84, maXimum eqUIlibnum h

concentratIOn IS ca 1 0%, whIle at a chlonde molality larger than 2 84 the formatIOn of 13 was

not observed ThIS expenmental data agrees satIsfactonly with the results of the calculatIOn of

eqUilibnum concentratIOns of IOdIde contammg compounds counted from eqUIlibnum constants

m Eqns (5) and (6) (Margerum et a1, 1986) The calculatIOns were carned out for solutIOns

with W concentratIOn of 10M, an IOdIde ion concentratIOn of 10 3 M and chlonde IOn

concentratIOns of 0 10-1 00 M For aCidIC solutIOns contammg band CI , the ratIOs of the mam

products of reactIOn (h, bCI, h) are dIctated by the mltial I and CI concentratIOns The

product dIstnbution vanes from 9 to 42% of!], 9 to 55% ofbCI, and 26 to 77% ofh(aq)

An extremely important peculIanty of the process of Iodide oXIdatIOn m bnnes with

large chlonde concentratIOns IS the occurrence of disproportIOnatIOn reaction

(7)
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Emepesova et al (1988) proved that the reactIon (7) occurred m solutIons wIth an IodIde

concentratIon (0 19-2 75) 10-4 M and chlonde concentratIon large than 5 M Durmg a

spectrophotometrIc mvestIgatIon of the h brme system, a sharp IsobestIc pomt at a wavelength

of474 urn was observed (Kazantseva et ai, 1998, Chapter B3b, FIg 8) m the absorptIon spectra

for solutIons WIth constant IOdme concentratIOns and varIable chlOrIde concentratIOns from 0 to

3 0 molal ThIS IsobestIc pomt demonstrates the eXIstence of two mam substances m the

solutIon 12 and hCI WIth a further mcrease of chlOrIde concentratIon, the solutIon spectrum

does not go through an IsobestIc pomt due to the appearance ofICh

The followmg experIments proved the formatIon of ICh under IodIde OXIdatIOn m

SolutIons WIth chlOrIde molarIty larger than 3 For a solutIon WIth a chlOrIde concentratIOn of 4 68

moll (kg H20) the added amount of the OXIdant (Ch/21 molal ratIo 1 2) was msufficlent for

complete OXIdatIon of IodIde to IOdme (FIg 11) ThIS observatIon was based on the absorbance

value at a wavelength of 225 urn for a reactIon trrne of 0 1 s However, the value of absorbance at

a wavelength of225 urn mcreased later due to the mcrease ofICh and I concentratIons (FIg 12)

SImultaneously, the absorbance value at a wavelength of 248 urn determmed by on hCl

concentratIon decreases In the solutIons WIth chlOrIde concentratIon of 5 80 mole/(kg H20), the

mfluence of the dIsproportIonatIon IS even more conSIderable despIte of the large content of

mcompletely OXIdIzed IodIde (FIg 13) Smce the rate ofdIsproportIonatIon IS small, the changes of

the spectra are observed durmg several hours (up to 24 hours) Our study regardmg a

dIsproportIOnatIOn reactIon IS only qualItatIve one, smce we could not develop a method for the

determmatIon of each ICh and I concentratIons m theIr Jomt presence m the system The

mechamsm of OXIdatIon processes at a chlOrIde concentratIon larger than 30 IS deSCrIbed by

reactIons (1-4, 7)
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FIg 11 AbsorptIon spectra at temperature of
25°C for a solutIon WIth an mItIal I
concentratIon of 0 0004 M, chlOrIde
molalIty of 468, Ch121 molal ratIo of
1 20, pH=2 and trrne of reactIon 5 s (The
black contmuous curve corresponds to 0 1
s, and the green mterrupted curve
corresponds to 4 8 s)
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FIg 12 T1ll1e dependence of absorbance at
temperature of25°C for a solutIon wIth
an lllitIal IodIde concentratIOn of
00004 M, chlonde molalIty of 468,
Ch/21 molal ratIo of 1 20 and pH=2
{the black curve corresponds to 225
run (ICh and I), and the red curve
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FIg 13 AbsorptIon spectra at temperature of
25°C of a solutIon wIth an lllitIal IodIde
concentratIOn of 6 10-4 M, chlonde
molalIty of 5 80 mole/(kg H20), Ch/21
molal ratIo of 1 0, pH=1 and t1ll1e of
reactIon 30 mIn {The spectrum wIth
maXImum absorbance at a wavelength of
225 run and maX1ll1um one at a wavelength
of 248 run corresponds to the reactIon t1ll1e
of 0 1 s The spectrum wIth maXImum
absorbance at a wavelength of 225 run and
maXImum one at a wavelength of 248 run
corresponds to reactIon t1ll1e 1800 s }

Accordmg to (Margerum et al , 1986) the reactIon

(8)

IS rrreversible because k3 IS very large (more that 5 104 SI) Thus, the dISSOCiatIOn ofI2CI to 12 and

CI IS many orders ofmagmtude faster than ItS dISSOCiatIon to ICI and I The reactIOn of! wIth ICI

has a second-order rate constant of 1 1 109 M IS I, whereas the rate constant for the reactIon of I

wIth ICh IS at least 1,000 tImes smaller The value of k7 obtamed by them IS uncertam

(k7=(1±3) 106 M IS I), therefore a path for the dIrect reactIon between I and ICh to produce bCI

and CI was OmItted from the mechamsm due to the uncertamty of the k7 value for thIS

second-order rate constant Thus, a disproportionatIon reactIon (7) does not occur The

above-mentIoned conclUSIons are applIcable to the bnnes studIed by the above authors The

reactIon ofICh solutIons wIth IOdIde was studIed m aqueous media WIth W concentratIons of 1 0

or 0 1 M, IOdme Ion concentratIOn 0,001 M and chlonde IOn concentrations between 0 10 and 1 00

M WIth a CllI ratIo less than 103 The ratio of CllI for the bnnes mvestIgated m the current study

reached 25 103 The fact that the reaction of dIsproportIonatIon occurred m the studIed SolutIons
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proves that m such condItIons, the reactIon ICI+I =h+CI IS reversIble even ItS rate IS consIderably

less than those of other reactIons occumng m the oXIdatIon process Therefore, under such

condItIOns, the reactIOn rate IS detenmned by the dISSOCiatIon of!2CI for ICI and I (k-3 = 0 7 S1)

It IS mterestmg to find why the oXIdatIOn rates dIffer so sIgmficantly for the process taking

place eIther wIth an excess of oXIdant or WIth oXIdant defiCIency All reactIons occumng m the

IOdIde oXIdatIon process are extremely rapId as It can be seen from Table 1 The value of the rate

constant for the reactIon (1) was not found m lIterature, whIle due to a large total rate of the

oXIdatIon process at oXIdant excess, thIS reactIOn IS not the rate-detenmmng step To our opImon,

the reactIOn between ICh and I has a dIffuSIOn-controlled rate constant Margerum et al (1986)

and Wang et al (1989) showed that ICh and I react Via ICI(aq) and the formatIOn of h was

observed too Thus, the reactIon (3) of hCI IS the rate determmmg step The results of our

expenments do not contradIct thIS opImon Based on our expenmental data, we have come to the

followmg conclUSIOns

1) The rate of the oXIdatIon process IS maXImal at condItIons where eIther h formatIon IS

ImpOSSIble (Ch/21 > 1 0, FIg 4) or the solutIOn condItIons such as large chlonde concentratIOn

depress ItS formatIOn (FIg 9)

2) The rate of the OXIdatIon process IS large If the condItIOns are favorable for h formatIon large

concentratIon of! reSIdual and low salt background (FIg 7)

3) The rate of the oXIdatIOn process IS mmimallfthere are condItIons at whIch the h formatIon IS

possIble but dIfficult a combmation of low salt background and oXIdants amountmg close to

the stOlchIOmetnc one leads to a low I reSIdual concentratIon (FIg 5)

Therefore, the h formatIOn reactIon (5) plays a very Important role m the kmetics of

IodIde oXIdatIon We were the first who demonstrated that partIal decomposItIOn of h and the

hCI formatIOn takes place under IOdIde oXIdatIon Smce the rate of 13 formatIon IS about one

order hIgher than that ofhCI (k,=62 109 M I S\ Turner et aI, 1972, k3=5 1 108 M I SI, Wang et

aI, 1989), then the h formatIOn m the begmnmg penod IS preferable Therefore, thIS IS the

reason why the ratIo of the formed IOdme compounds h, hCI and h m the startmg penod dIffer

from those under eqUIlIbnum condItIons However, eqUIlIbnum concentratIOns of these

compounds are determmed by the concentratIOns of mItIal products, therefore, the

dlsproportlonatIOn of IOdme takes place accordmgly wIth the eqUIlIbnum constants of the proper

reactIOns The observed decrease of 13 concentratIon IS less than the mcrease of hand hCI

concentratIons ThIS IS determmed by the fact that h If hCI are formed due to h dISSOCIatIOn

whIch goes by one of two ways eIther by h formatIOn due to h dISSOCiatIon (k-s step) or by
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hCI formatIOn due to I and ICI mteractlOn (k3 step) ThIS type ofbehavlOr of the system studIed

confirms that the reactIOn (3) IS a rate-determmmg step However, the large value ofk3 dIsagrees

wIth the oXIdatIOn tIme observed Accordmg to Margerum et al (1986), rapId eqUlhbnum occurs

between h(aq), hCI and 13 It should be noted that the conclusIOns related to hIgh rates of

formatlOn of major IOdIde compounds have been drawn for systems wIth speCIfic condItIons

favorable for the formatlOn of some of these compounds It IS pOSSIble that there are speCIfic

condItIons for the slow reversIble reactIon m brmes of the composItIon studIed By analogy, the

disproportIonatlOn reactlOn (7) IS extremely slow even the kmetIcs parameters of the formatIon

of all partlclpatmg compounds are extremely large We assume that under certam condItIons, the

rate-determmmg step IS a reactIOn

(9)

Probably, sometImes there are peculIar condItIOns m bnnes that lead to a slow destructlOn of h

and hCI formatIOn The study of the reactIon (8) WIll be an object for a separate study m the

near future

C2 EqUilIbrIUm of IodIde oXIdation m hIghly mmeralIzed chlorIde solutIOns

It IS generally accepted that oXIdatIOn of I to Iz m salt-free solutIOns reaches 100% at an

oXIdant consumptIOn of 103% from stOlchlOmetnc value (Yavorsky and Zalkmd, 1965) The

amount of oXIdant that IS necessary to reach a maXImum oXIdatIon degree mcreases wIth the nse

of CI concentratIon (Zalkmd and Yavorsky, 1962) It was necessary to estImate the amount of

oXIdant reqUIred for a maXImum yIeld of lOdme dependmg on bnne composItIOn both for the

determmatlOn of the optImal regIme of OXIdatIOn and for the estImatIon of kmetIc parameters It

was shown m a prevIous chapter at what Ch121 molal ratIO the change of OXIdatIOn mechamsm

occurred It was found (FIg 14-16) that the maxImal yIeld of lOdme dependmg on bnne

mmeraltzatlOn the hIgher chlonde concentratIOn was the larger amount of the OXIdant was

reqUlred for reachmg the most favorable conditlOns Thus, at pH=2 0 and a temperature of 25°C,

the hIghest yIeld of SumIzwas observed at the followmg Ch121 molal ratIOS

1 0-1 05 at a chlonde molalIty of 1 0 mole/(kg HzO) (FIg 14),

1 0-1 1 at a chlonde molahty of2 84 mole/(kg HzO) (FIg 15),

1 1-1 2 at a chlonde molahty of4 68 mole/(kg HzO) (FIg 16)
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14 ConcentratIon changes of Iodme
compounds at temperature of 25°C
wIth a Cb/21 molal ratIo of solutIon
wIth an lllltIal IodIde concentratIon of
00004 M, chlonde molalIty of 1 0
mole/(kg H20) and pH=2
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compounds at temperature of 25°C
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FIg 16 ConcentratIon changes of IOdme
compounds at temperature of 25°C
wIth a Ch/21 molal ratIo of solutIon
wIth 1ll1tIal IodIde concentratIOn of
00004 M, chlonde molalIty of 468
mole/(kg H20) and pH=2
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At present, we are mvolved m developmg the mathematIcal model of IodIde OXIdatIon m

vanous brmes ThIS model WIll allow us to calculate concentratIons of vanous compounds

contammg IOdIde dependmg on the mitIal concentratIons ofchlonde, IodIde and OXIdant

C3 Kmetics of IOdIde o~ldatIOn m highly mmerallzed chlOride solutIOns

The results of the expenmental study ofthe kmetics m OXIdatIon processes dependmg on

brme mmeralIzatIon and oXIdantliodide molal ratIOS are presented m sectIon Cl It was found

that the OXIdatIon process IS extremely rapId for bnnes WIth a chlonde molahtv of more then 3

mole/(kg H20) and for brmes WIth OXIdant excesses WIth respect to stOIchIometry (oxidantiiodide

molal ratIo> 1 0) Therefore, the kmetIcs of thIs process at gIVen condItIons cannot be studIed by
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usmg the eqUIpment m our laboratory From a technologIcal pomt of VIew, such a high rate of

the process means that tills process is not lImited by kmetic aspects at gIven condItIOns The

mmimal rate of the process was observed for bnnes with oXIdanthodide molal ratio close to a

stOlchIOmetnc one, when the highest yield of IOdme is proVIded This field IS a most important

one for technology, therefore, the mam kmetIc parameters have been calculated for this field

C3a Method for calculatmg the kInetic parameters

In order to estimate the kmetics of IOdIde oXidatIOn by chlonne we determmed the major

kmetics parameters general order of a reactIOn and an apparent rate constant ("observed rate

constant" accordmg to Margerum et al , (1986) defimtIOn) Let us consider the followmg reactIOn

I +Ch-----»products

The ImtIal substances (I and Ch) WIll be deSignated as A and B The rate of thIS reactIOn is given

as

(10)

At a stOlchIOmetnc ratio of reactmg substances, ie, at condItIOns that are close to optimal ones for

the studIed IOdIde oXidatIOn by chlonne, the Eqn (10) can be expressed m the form of

or

- d[Alidt = k [A]a+b

- d[Alidt = k [Af

(11)

(12)

For the estimation of a rate constant (k) of the reactIOn and reactIOn order (n), we developed a

method consIstmg of the followmg usmg the expenmental data a dependence of 1/[Af -1 =f(t) is

deSIgned for different "n" (n;t:l) values by a fittmg method For mstance, for n=2 lInear

dependence should be observed m the coordmates 1/[A] =f(t) and so on For n=1 the lInear

dependence m the coordmates In [A] =f(t) should be observed The function correlatIOn is

estimated by correlatIOn coeffiCient (R) The most probable n corresponds to the function WIth the

largest R-value The reaction constant at n;t:l is calculated by the equatIOn

k~ L ([Al~-l - [Al~-lJ
1=1 N [(n-l) t 1 N]

where N is the number ofexpenmental pomts

22

(13)



The calculated value of reagent A concentratlOn for n :F1 IS calculated by the followmg

equatlOn

(14)

If n=1, the reactlOn constant IS calculated by the equatlOn

then the calculated value of reagent A concentratlOn IS calculated by the followmg equatlOn

A=[A1 exp(-k t)

(15)

(16)

A program for the calculatlOn of the parameters nand k was developed on TURBO

PASCAL FOR WINDOWS The method developed demonstrated hIgh accuracy when calculatmg

a model example for a reactlOn of lOdmatlOn of 13-phenylpropyl aCId (Table 4) With a known

reactlOn order ofn=1 and a constant of rate reactlOn k=O 1 c 1 (Table 5)

C6Hs-C=C-COOH+!z---+C6Hs-CI=CI-COOH

The known kmetlc parameters of thIS reactlOn were taken from Emanuel and Knorre (1974) and

Spmdonov and Lopatkm (1970)

Table 4 KmetIcs of the mteractlOn of 12 WIth 13-phenylpropyl aCId

Expenmental data Calculated data ([I]calc)
TIme, mm [I]exp Method ofRoss Method ofWllkmson, Our

(Ross, 1982) (1961) method
0 00251 00251 00251 00251
1140 00213 002295 0021335 0021393
2730 00177 002026 0017635 0017712
4050 00155 0001827 001540 0015483
6620 00124 001493 0001236 0012413
1,3880 00079 000844 0007916 0007907
1,7800 00066 000621 000623 0006594
2,7900 00046 000281 0004655 0004600
S 000212 5583E-05 3934E-05
n 2 1 198 20
k, dm3 mol 1 mm 1 00614 0000785 005778 006215

Table 5 Results of the calculation of order and rate constant for model reaction
Kmetlcs parameters Known Method of Method of Our

values Ross (1982) Wl1kmson, (1961) method
N 10 10 1 173 10
K 01 o101 00702 010
S (standard deVIatlOn) 29710 2 66410 2 3 70 10 2
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C3b Kmetlcs parameters for process of Iodide oXidatIOn

The results of the kmetIc parameter calculatIOns (Table 6) demonstrate that the rate of

IodIde decrease at the InItIal step of IodIde oXIdatIOn (reactIOn tIme 0-0 5 s) IS charactenzed by a

first-order for IodIde, the rate constant k IS equal 1 6-22 s I for a solutIOn wIth a chlonde molalIty

of 1 0 and 5 5-6 5 s I for a SolutIon wIth chlonde molalIty of 2 84 In general, thIS reactIon IS

charactenzed by a thIrd order The thtrd-order rate constants for the loss of IOdIde mcrease from

(1 3-70) 107 to (30-36) 108 M 2s I as the chlonde molalIty mcreases from 1 0 to 2 84 The values

of rate constants mcrease approxImately on an order when chlonde concentratIOn mcreases from

1 0 to 2 84 molalIty and only slIghtly nses when the InItIal IOdIde concentratIOn IS mcreased from

o0002 to 0 0006 M

Table 6 Calculated kInetiC parameters for Iodide loss durmg IOdide OXidatIOn

InItial compOSItIon of solutIOn ReactIOn Kmetics parameters
[I], M CI, Ch/2I tIme, sec ReactIOn Rate Standard

mol/(kg H2O) order constant devIatIon
00002 1 0 1 0 0-1 1 1 1608 6510 :>

00002 10 1 0 0-05 1 2 188 6810 :>
00004 1 0 1 0 0-03 1 2072 8710 5

000061 1 0 1 0 0-02 1 208 1 2410 4

00002 1 0 1 0 0-23 3 1 31 10f 8510 3

00004 1 0 1 0 0-05 3 27410f 5210 :>
00004 1 0 10 0-1 1 3 1 881O<f 4710 :>

00006 1 0 1 0 0-1 5 3 69610f 4410 5

00006 1 0 10 0-2 8 3 55810f 4410 :>

00002 284 10 0-0 5 1 584 4510 :>
00002 284 10 0-0 7 1 545 4710 5

00004 284 10 0-0 7 1 610 8810 5

00006 284 1 0 0-0 5 1 647 11010 5

00002 284 1 0 0-1 1 3 2950107 1 910 5

00002 284 10 0-09 3 33 5210 f 4710 :>

00004 284 10 0-1 1 3 297010f 5310 5

00006 284 10 0-1 1 3 35 6710 f 2 110:>

The reactIOn IS a first-order one regardmg total IOdme The rate of IOdme formatIon

mcreases WIth an mcrease of mitIal concentratIOns of IOdIde and chlonde The rate constant k for
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total IOdme is equal to apprmamately 3 5 10 z Si for solutIOns with chlonde molality 1 0 and

(8 1-125) 10 Z s i for solutIOns with chlonde molahty 284 (Table 7)

Table 7 Calculated kInetics parameters for totallOdme durmg Iodide OXidatIOn

ImtIaI compOSition of solutIOn ReactIOn Kmetics parameters
[IJ, M CI, Ch/21 time, s ReactIOn Rate Standard

moU(kgHzO) order constant deViatIOn
00002 1 0 1 0 0-1 0 1 4 1610 2 4410 7

00002 1 0 1 0 0-1 7 1 25310 :l 4410'
00004 1 0 10 0-1 7 1 3601O:l 1 810'
00006 10 10 0-1 0 1 34510 z 54910 7

00002 284 1 0 0-14 1 8 121O:l 9310'
00004 284 10 0-1 0 1 10 731O:l 1 110 l>

00006 284 1 0 0-0 5 1 124810 :l 9010 '

The reactIOn is a first-order one regardmg to 13 The rate constant k for h is equal (5±1)

s i for solutIOns with chlonde molality 1 0

C4 Influence of oXidIZable components m natural brmes on IOdide oXidation

Natural bnnes contam organic and morgamc compounds (Br, H2S, sodiUm salts of

naphthemc aCids, iron ions) which can also be oXidized by chlonne (Ksenzenko and Stasmevich,

1995) Their nature and amount affect both the excess of the oXidant reqUired m order to obtam a

high degree of oXidatIOn, and the kmetlc of the oXidatiOn process We determmed the mfluence

of each of these substances on the eqUilibnum and kmetlcs of oXIdatIOn processes m solutIOns

with average values of mitlalIOdide and chlonde concentratIOns, for the solutIOn with an 1 mitIaI

concentratIOn of 0 0004 M, chlonde molality of2 84 and pH=2 at temperature 25°C

C4a Bromide Ion

Bromide as other halides decreases the IOdme yteldmg due to itS complex formatIOn

When the bromIde content m bnne mcreases, the optimal oXIdant consumptiOn mcreases too

Zalkmd and Yavorsky (1962) observed that the rate of IOdIde oXIdatIon mcreases m bromIde

SolutIons Our expenmental results show that at a chlonde molality of 2 84 mole/(kg H20),

pH=2 0 and a temperature of 25°C, the hIghest yIeld of Sumh was observed at the followmg

Ch/21 molal ratIOS 1 2-1 3 at a bromIde concentratiOn of 0 003 M (FIg 17) and 1 3-1 6 at a

bromIde concentratIOn of 0 006 M (FIg 18) The eqUilibnum m a system WIth an 1 Imtial

concentratIon of 00004 M, a bromIde concentratIOn of 0006 M, chlonde molality of 284,
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Ch/21 molal ratIo of 1 2 and pH=2 reaches 0 1-0 2 s at a temperature of 25°C (FIg 19) The

followmg values of kmetIc parameters for the loss of IodIde have been obtamed reactIon order

n=3 rate constant k=5 09 108 M 2S1 S=2 90 10 5 The rate of IOdIde oXIdation wIth the same

concentratIOns of IOdIde and chlonde IS 1 7 times slower (k=2 97 108 M 2S1) when bromIde IS not

present m the solutIon
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FIg 17 Concentration changes of IOdme
compounds at temperature of 25°C
wIth Ch121 molal ratIO of a solution
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FIg 19 ConcentratIOn changes of IOdme
compounds at temperature of 25°C
wIth time changes for the a solutIon
wIth an I lllitlal concentration of
o0004 M, bromIde concentratIon of
0006 M, chlonde molalIty of 284,
Ch/21 molal ratio of 1 2 and pH=2

The use of brmes contammg hydrogen sulfide for Iodme production IS very Important

for the Turkmemstan economy smce there are large stocks of stratal waters wIth relatIvely hIgh
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IodIde content and low mmeralIzatIon (Kazantseva et ai, 1998, brmes # 22-33 m Table 3) The

process of IodIde OXIdation was found to be very dIfficult even WIth a mmnnal amount of

hydrogen sulfide m the brme For mstance despIte the presence of 2 mg H2S/1 hIgh yIelds of

Iodme even at 3 5-multIple excess of OXIdant compared WIth the stOIchIOmetrIC amount cannot

be obtamed The yIeld of IOdme dId not exceed 42% of the mitIal IodIde (FIg 20) under these

condItions The kmetics study of IOdIde OXIdatIon showed that at a hydrogen sulfide presence m

brme after the stage of qUIck IOdIde OXIdatIon (the tIme reactIon IS less than 0 1 s) the long

reverse process of IOdme reductIon to IOdIde occurred (FIg 21)

20 ConcentratIOn changes of IOdme
compounds at temperature of 25°C
WIth Ch/21 molal ratio of the
solution WIth an mitIaI IOdIde
concentratIon of 0 0004 M,
chlOrIde molalIty of 284 mole/(kg
H20), H2S concentratIOn of 2 mg/l
andpH=2
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WIth respect to the aforementioned, It IS ImpossIble to obtam a large IOdme yIeld from brmes

contammg hydrogen sulfide The prelImmary removal of hydrogen sulfide by eIther aeratIon or

absorptIon should be proposed as the technologIcal solutIon OfthiS problem

C4c Naphthemc aCIds

It IS generally accepted (Ksenzenko and Stasmevich 1995) that organIC aCIds as

mgredients of natural waters mteract WIth chlOrIne and Iodme These organIc aCId.., are

naphthenIc ones whIch are OXIdIzed very slowly and dUrIng the desorptIon process they react

WIth IOdme decreasmg ItS yIeld Therefore It IS recommended to the conduct OXIdation process
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wIth an excess of oXIdants The only study dealIng wIth the mvestIgatIOn ofthe kmetIcs of IodIde

oXIdatIon m natural bnnes was conducted by Zalkmd and Yavorsky (1963) They studIed the

mfluence of organIc aCIds extracted from the natural waters of the Cheleken plant on the IOdIde

oXIdatIon by eIther chlonne or hypochlonte EarlIer, Nlyazov (1962) found the presence of

terephthahc aCId (p-benzenedlcarboxyhc aCId n-C6~(COOH)2) m Cheleken well water Zalkmd

and Yavorsky (1962) studyIng the oXIdatIOn-reductIOn potentIal of the PtIHg2Ch electrode paIr

showed that In the case of a sImultaneous presence of IOdIde Ions and orgamc aCIds m bnne

IOdIde, Ions are oXIdIzed first trreSpectlve ofaCId concentratIOn The IOdme formed Interacts wIth

naphthemc aCIds from 8 to 20% of formed IOdIne are reduced for 30 mm at 20°C and the

concentratIon of naphthemc aCIds from 0 25 to 2 0 mg-eqv/l The IOdIne reductIOn mcreases wIth

Increase of naphthemc aCIds content In the bnne, pH and temperature The InteractIOn of aCIds

wIth chlonne IS accelerated wIth the Increase ofaCId concentratIOn, pH and temperature

StudyIng the mfluence of naphthemc aCIds on IOdIde oXIdatIOn, we first attempted to

create artIficIal natural bnne sImIlar to the Chelecken formatIOn The attempt was made to use

mIxtures of sodIUm salts of natural naphthemc aCIds (low-molecular, water soluble fractIOns of

R-COONa, where R = C6Hll, CSH9 WIth vanous SIde SubstItutes) obtaIned from 011 by multIstage

dIstIllatIon and extractIOn (NIyazov et ai, 1992) It was found that the mtroductIOn of aqueous

solutIons of the gIven mIxture m mmerahzed solutIOns and theIr aCIdIficatIOn to pH=2 leads to

the formatIOn of cloudy solutIOns whIch cannot be mvestlgated by a spectrophotometnc method

We also could not use a solutIOn of terephthahc aCId, smce It IS msoluble m water Therefore, m

order to study the mfluence of naphthemc aCIds on IOdIde OXIdatIOn we used synthetIC sodIUm

salt of cyclohexanecarbomc aCId (C6HllCOONa) whIch was syntheSIzed by NIyazov et al

(1992) WIth a further solutIOn aCIdIficatIOn to pH=2 It was found that the presence of 50-100

mg/l of cyclohexanecarbomc aCId dId not mfluence the IOdIde OXIdatIOn The maXImum IOdIne

yIeld (approxImately 100% of the mItIal IOdIde content) was reached at a Ch121 molal ratIO

equal to 1 0-1 1 (FIg 22) The change of IOdme compounds WIth tIme changes was mdependent

to the presence of the naphthemc aCId (FIg 8 and 23) Dunng a 30-mmute observatIOn, the

changes of solutIOn spectra, WhICh could be the eVIdence of the reductIon of IOdme, were not

observed Thus, pure naphthemc aCIds, as saturated hydrocarbon, do not mfluence IOdIde

OXIdatIon and IOdme reductIOn
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Our fmdmgs are supported by the results of Shenker and KOlfman (1965) who dId not

observe the formatIon of IodIde at the long contact of Iodme wIth pure naphthemc aCIds

(carboxyl denvatIves of cyclopentane hydrocarbon of the general formula CnH2n 202) m a

sodIUm chlonde solutIon at a pH rangmg from 2 to 3 m a sealed ampoule The observed

dIscrepancy WIth the data of Yavorsky and Zalkmd (1963) can be explamed bv msufficlent

punficatIon of naphthemc aCIds In our opmlOn, orgamc unsaturated compounds are probably

requIred for the IOdme reductIon The underground waters of west Turkmemstan are

characterIZed by a poor content of organIc compounds ThIS can be explamed bv weak leachmg

of organIc compounds from rocks by hIghly mmerahzed CI-Na-Ca waters (Krryukhm and

Shvets, 1980) There are volatIle organIc compounds (mostly phenols) besIdes organIc aCIds m

natural waters It IS pOSSIble that these volatIle organIc compounds mfluence on IodIde OXIdatIon

ThIs hypothesIs wIll be further mvestIgated

C4d Iron IOns

The presence of Iron IOns m natural waters explams the corrosIon of pIpes for brme

supply We could not find any data m lIterature regardmg the mfluence of Iron Ions on IOdIde

OXIdatIon It was found through expenments that the presence of Fe2
+ Ions does not affect the

eqUllIbnum of IOdIde OXIdatIon the IOdme yIeld reaches about 100% at a Ch/2I molal ratIo of
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1 0-1 05 (FIg 24) The oXidatIon takes less than 0 1 s, Ie, Iodide oXidatIon IS possIbly

accelerated by the presence ofFe2
+ Ions

Fig 24 ConcentratIOn changes of IOdme
compounds at temperature of 25°C
wIth a Ch/2I molal ratIo of a
solutIon wIth an mltIal IOdIde
concentratIon of 0 0004 M,
chlOrIde molalIty of 284 mole/(kg
H20), Fe2

+ concentratIon of 14
mg/l and pH=2
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CONCLUSIONS

It was proven that only bromIde and hydrogen sulfide amongst dIscussed oXldI7able natural

mgredlents ofnatural brInes mfluenced on IOdIde oXIdatIon

2 The mfluence of orgamc compounds reqUIres further mvestIgatIOn

3 In order to calculate kmetIc parameters of IodIde oXIdatIon m the presence of oXldI7able

mgredlents the solutIons wIth 1 0 molal chlOrIde concentratIon WIll be studIed henceforth

The oXidatIon rate m such solutIons IS one order magmtude less than that m studIed solutIOns

m the current mvestigatIon

4 The major features of the oXIdatIOn process at 50°C wIll also be studIed Due to eqUIpment

lImItatIons, thiS study WIll be carrIed out only at chlOrIde concentratIons less than 1 0

molalIty
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MANAGEMENT

Dunng the reported penod, we met wIth a senous budgetary problem ThIS problem was

related to the delay m money transfer for work fulfilled by the Turkmemstan partners

COLLABORATION AND TRAVEL

Prof B S Krumgalz, Dr Kazantseva N N, Prof KhodJamamedov A M and Dr

Ernepesova A S partIcIpated m XVI Mendeleev Congress, WhICh took place m Samt Petersburg

and m VII InternatIOnal Conference "The problems of solvatIOn and complex formatIOn m

solutIOns" whIch took place m Ivanovo WIth talks "PECULIARITIES OF IODIDE OXIDATION

IN NATURAL MINERALIZED WATERS OF TURKMENISTAN" and "COMPLEXING

AND HYDRATION PHENOMENA IN THE PROCESS OF IODIDE OXIDATION IN

CHLORIDE SOLUTIONS", respectIvely PartIcIpatIOn m these conferences helped m the

re-establIshment of SCIentIfic connectIOns between Turkmemstan SCIentIsts and theIr colleagues

m Ivanovo, Moscow and SaInt Petersburg

Dr N N Kazantseva VISIted Prof V I Ksenzenko m Moscow (1999) m order to dISCUSS

the expenmental results related to vanous aspects ofthe kmetlc aspects of IOdIde OXIdatIOn

Dr 0 Geldyev spent two weeks of trammg m the M I Mendeleev's RUSSIan ChemIcal

TechnologIcal Umverslty (Moscow) The purpose of hIS trammg was to aSSImIlate modern

methods for the processmg of kmetlc expenmental data to work out the eqUIlIbnum and kmetlc

models for OXIdatIOn of IOdIde by chlonne

32



•

Both sIdes dIscussed, m detaIl, the sCIentIfic plans for fulfillment of the project, detaIls of

financIal and SCIentIfic reports, the results of expenmental work and necessary future steps for

successful fulfillment of the project
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