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Abstract 
This paper presents a theory that links solution complexation equilibria with a model for 
prccipitation predicting the panicle sizc distribulian. This model uses classical nucleation 
theory and growth rates by various rate limiting steps for the growth of the crynals. This 
model i s  compared lo forced hydrolysis experiments whcrc dilute lndium nitrate solutions. 
acidified with nitric acid. were heated to 80'C. The exprimenu produccd cubic panicles 
of Indium hydroxide. Thc cxperimcnn were monitored for tcmperaturc, pH, mrbidity. 
indium conccntration in solution and panicle s i x  distribution. all as a function of timc for 
comparison wilh this model. The model gives an accuralc prediction of the evolution of thc 
panicle size disuibution, pH. mrbidity, and indium concenlration with timc. 

Forced hydrolysis i s  a common way to pmducc metal hydroxides from an acidified metal 

salt solution. To induce precipitation. this acidified metal salt solution, initially below i ts  

solubility and stable with rcsact to precipitation, i s  hcaed to an elevated temperature. 

Upon healing the solution, the concentration of OH- ion increases forcing the prccipitation 

of a metal hydroxide, Professor Matijcvic has taught us that these metal hydrorids can be 

prccipilated under controlled conditions as monodisperse colloids and as such are of 

inarcst for many applications including ceramic powders, magnetic media, imaging 

materials. toners and pigments. Professor Matijcvic', over his long and productive career. 

has becn able lo produce monodispcrsc hydroxides of nearly all the mctals in the periodic 

table. Over the years, his work has been cxpandcd by many researchers around the world 

to produce numerous types of monodispenc paniclcs for numerous new tcchnologics. 

In this work. we develop a model of forced hydrolysis which predicts both the panicle size 

diswibution of the precipitated paniclcs causcd by changes in the concentration of ions in 

solution. This is done by performing a mass balance on the rpccics in solution that 

precipitate and using these conccnuarions to predict thc concentration of  the othcr ions in 

solution, assuming that the solution is in equilibrium wilh respct to all othcr species. The 

rcsults of this model are compared to the experimental ~ y s t c m ~ . 3 . ~  where a dilute 

IJI(NO~)~ solution acidificd with HNOj i s  healed from mom tcmpcmrurc to BO'C in a water 
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bath causing thc precipitation of cubic submicron ln(OH)3(s). This experimental sysam 

was chosen because it is simple due to I )  a reduced suite o f  ion complcxcs and 2) the 

precipitation o f  a crystal with a known geometry. However. the model can be applied to all 

forced hydrolysis systcms. 

Mass balances arc performed for the Indium metal ions. M+m, and OH- ions and am given 

by h c  gcncralizcd diffcrential equations given below : 

= (release o f  OH. from dissociation of H 2 0 )  

-(Loss of OH- duc to complcxation w i h  metal) 

-(Loss o f  OH- duc to nucleation) 

-[Loss of OW due to crystal growth) 

= .(Loss o f  M'm due to complexation with various anions in  solution) 

-(Loss of Mtm due to nucleation) 

-(Loss of Mfm due to crystal growth) 

whcre [)symbolizes conccntrationJhc initial conditions for these differential equations arc: 

[OH-) = C2. at t = 0. [M+m] = C3 at I = 0 and [Hi] = C, at all time. 

A l l  Ci values arc constants. Since we are in dilute solution, we wi l l  assume that activity 

and concentration arc equivalent. This is not totally accurate. Howcver, to add activity 

coefficicnls. which arc a function o f  the ionic strength, and their calculation to thcsc two 

non-linear couplcd differential equations would rendcr them much more time consuming to 

cvaluatc. Each o f  the terms o f  thc above differential equations is discussed below aRer a 

discussion o f  the reactions that take placc as an acidified mctal salt solution is heated. To  

rcsolvc these two couplcd differential equations. a forward difference technique was used 

far h e  time derivatives. This finite difference tcchniquc was found to be stable i f  time 

steps less than I scc. were used. 

M e t a l  C o m p l e x a t i o n  in S o l u t i o n  

Solution speciation reactions wilh anions A[= NO3] are given by : 
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For lhis work. we wil l  u x  the NO]  complcxes consisting of i:j cqual to 1: I and 1:Z5. For 

thcsc complexes. we have the equilibrium constant. K ~ 0 3 j j .  and the A H ~ o 3 i j  o f  reaction6 

given in Table I. 

Solution speciation rcactions with OH- ions7 also occur in solution : 

For this work. we wi l l  usc Bicdcrmann's madc18.9 o f  solution speciation of Indium 

hydroxide complcxcs. Thcsc include complcxcs i:j . 1:1, 12. 22.  3:4. These solution 

complcxcs havc becn observed by Raman SpectroscopylO.ll. For there complcxcs, we 

havc the equilibrium constant. KoH~,. and the AHOH;; of reaction12 given i n  Table I. The 

rcaction kinctics between the I: I and the 2:2 complexcr havc been studied by lcmpcraturc 

jump c ipc r imon ts~~ .  

Thc forward ratc constant for this reaction was found to be 4.1r0.4 n 105 M-I sec-I. Thus 

lhis rcaction is fast. occurring within a mscc for zhc solution concenlration typically u x d  i n  

forced hydrolysis. Othcr fonvard and backward reactions given in cquarion (4) havc not 

been studied as to their reaction mtcs as evidence of the lack o f  information in the l i a r a t u ~ .  

I n  general, athcr solution speciation reactions can take placc with othcr anions (ar cations) 

B: 
KB,, 

i ~ + m + j ~ - b  M$,<im-jb) (5 )  

However, i n  this experimental system, there are no othcr ions in solution for the mctal to 

complex with, but this not always the case i n  forced hydrolysis. Solution speciation 

reactions with anions A-a. B.b and OH- lower the concentration of M+m in  solution and 

lower thc supersaturation with respect to the metal hydroxide precipitate. 
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Table I Indium complexation reactions - Equilibrium constants. 

K o ~ i j  
Reactions of the type iMf"4jOH. e ' ( O ~ ) ~ t ( ~ ~ - j )  

(Reactions of the t y p  iM+VjN03-  2. M , ( N O ~ ) , * ~ ~ - ~ )  I 

Acid Dissociation 

Acids present in solution dissociate. For nitric acid. used in this example of forccd 

hydmlysir. he maction is : 
K D 

Water Ionization 

~Atcr ' s  ionization cquiiibriurn is also necessary to describe he experimental sysarn : 



HYDROLYSIS OF In(OH), 233 

In an acidified metal salt solution [OH-] is very low. For a solution with a fixed [H*], the 

[OH-] is increased by an increase in the temperamre of the solution. since the value of K, 

increases with smperature. 

Model predictions for [H i ]  and [OH-] for a 0.00078 M HN03 solution at various 

tcmperamrer between 25'C and I(X)',C show thal thc [OH-] =K J[H+] increases from 1@Ir 

M to 10-9 M while ihc [H+] and [NO3-] do not change by more than 0 . 4 1  and 0.04%. 

respcctively. in this temperaturc range. Furthermore, if wc assume that the [H+] is 

constant. the error in [OH-] is less than 0.04%. Experiments performed on heating this 

solurion show a pH change of only 0.05 after temperamre compensation. This change is 
similar to thc noise lcvcl in these experiments. This prover that NOj- complexes and [H+] 

do  not vary significantly with temperamre. We will take advantage of this insignificant 

change in [H+] and [NO3-] as temperature changes lo simplify the necessary differential 

equations for the mass balance, i.e. no balance is nccessaty for H+ or for NO3-. 

Precipitation of Metal Hydroxide 

The reaction of a metal hydroxide is givcn by : 

For Indium hydroxide, &p is 10-36.9 M3 at 25'C and 10.- M3 at 90'C(predicted value 

using AHSp=24,789 caUmolct7). 

The supersaturation ratio. S, is given by : 

S = [Mtm][0W]" 
K,,(T) 

Thc ratc of precipitation will dictate the lass rate of OH- and In+3 ions due to thc stcps of 

nucleation and growth of thc panicles, discussed below. 

Release of OH-due t o  ionization of H1O 

Rate of precipitation is controlled by the release rate of [OH-]. We will make the 
assumption that the forward and reverse reactions responsible for the dissociation of H 2 0  

are very fast (msec.) compared to the rate at which heat can be vansfemd to the solurion 

(min.). Thus the release rate of [OH-] is limitcd by the change in temperature of the 
dT 

solution'8, x: 
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assuming that the [H']. is fixed during the forced hydrolysis cxpcrimcnt. Nos,  RI is the 
dT 

gas conslant. As a result. the rclcasc of [OH-] is controlled by lhc heating ratc. . of the 

solution. 

nic temperature o f  the solution is altered by placing a 300 m l  vessel containing the solution 

into a water bath. Thc vcsscl's contcnls starts at a constant temperaturs. To, often roam 

Icmperaturc. and is immersed in watcr with a constant temperature. T-, assumed to be an 

infinite reservoir. Heat is transferred to thc solution by convection (natural or  forced) 

through the walls of the vessel. We wi l l  make the assumption that the solution inside the 

vcsscl is all lhe samc temperature and that the heat transfer is given by19 : 

whcrc V is the vcsscl'r volume, p is the density and Cp is the hcat capacity of the solution 

i n  lhc vcsscl. A is lhe surfacc area o f  the versei exposed to the hcat reservoir and h, is lhe 

ovcrall heat transfcr coefficient far both lhc inside and outside boundary layer. as well as, 

the hcat conduction for the glass wall o f  the vessel. The solution to this hcat balance on lhc 

solution in the vcsscl is given by : 

T = T, + v,-T-) exp I-(=) 11. (12) 
"PCp 

Vessels filled wilh thc samc volume o f  solution to be uwd i n  foxed hydrolysis experiments 

have bccn subject l o  hcating tests. The temperature in the vessel was measured with a 

thermocouple as a function o f  timc. A plot of (To-T,)/CT,-T,) as a function of timc was 

made and an crpncnt ia l  curve was used as a best fit (r2=0.998). Analysis of the slope 

gives the paramotcr group (=) [= 0.1838 mi".-'1 which is all that is nccdcd to 
"PCp 

dotcrminc the tcmpcraNre Venus timc curve for any initial. To. and balh. T,. 

Thc tcmpcraen change is rather slaw in the watcr balh taking more lhan 5 minutes l o  reach 
dT 

SO'C. This equation givcs a heating rate. ;if. for the solution in the tcst tube of : 

This hcating ratc can be used in the equation describing the relcasc rate o f  [OH-], equation 

(10). completing a theoretical description o f  the [OH-] rclcasc rate. As a result of lhc 

hcating ratc. thc [OH-] can be calculated if lorrcr due to nucleation and growth arc 

accounted for. as discussed below. 
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Losr of M+m due to  complexation with anions in solution 

The hcating rate will also release Mim ions due to the altering of the solution speciation 

equilibria of the metal with and OH- ionsgiven bylo : 
AHOHii +jAH, 

R,TZ 1 
I + - j KoHd [ M + ~ ~ ~ [ O H ~ V  [Mtm] 

dT where - IS again the hcating raa  of the solution. This cxprcssion assumes that [A-'1 is not dt 

dependant upon tcmpcraturc which is the case if it is an indcpcndent ion added with the 

metal salt uwd in the initial formulation of the solution and not camplexing anything but the 
metal. Other solution speciation, i t .  [MiBj] can also be evaluated in the very same way 

giving additional terns like the MiAj term. Far [he Indium hydroxide system under 

investigatian the equilibrium conslanls and the enthalpies are given in Table I .  

Temperature comction of an equilibrium constant was accounted for by : 

Losr of [OH-] and [Mtm] due to Nucleation 

With precipitation, we nccd a mass balance an [OH-] and [Mtm] since they arc changing 

wtth the formation of a metal hydronldc. The loss of is due to two processes ; nucleation 

and growth. For nucleation, we have : 

dlOH-1- * J(S.T) R*(S.T)) dt - -  M, (16) 

= - J(S,T) R*(S.T)3 
Mw 

(17) 

where p is thc density and Mw is the moleculc w igh t  of the solid. 

J[=Jma exp{-:~:~~~!$')]21 is h e  nudeation raG,23 ,24  which is a function of 

12yp /MW time (i.c. S and T are functions of time) and Ra(S.T)[= 3R,T ] is the size of the 

critical nuclei25, assuming nuclei and crystals arc cubic. R*(S,T) is also a function of timc 

since S and T are functions of timc. 
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Loss of [OH'] and [M+m] due l o  Crystal Growth 

Afkcr a crystal is nuclcatcd at time, t, it wil l continus to grow until thc reaction is stopped or 

thc supcriaturation decreases to < I. The loss of [OH-] and [M+m] duc lo crystal growth 

is lhcrcfore given by : 
f 

= - & I J(S(t).T(t)) dt Iculleatsd d R 
R 2  x d t  (19) 

huclcaml 
dR . 

whcrc IS the growth rate of the crystal from the timc it is nucleated until time. t. 

dR 
Generally, thc growth raw has the f o r m x  = C f(S) Rn. Parametcn in the various crystal 

growth rate models26 an given in  Table 2. Al l  growth rates are a function of the saturation 

ratio. S. which is intern a function of timc. 

Results o f  Experiments 

Experiments similar to those performed by Hamada. el. a1.27 and Yuar. et. aL28 giving 

submicron cubic crystalline In(OH)l~panicles were performed using a solution 4.0x1W4 M 

In(N03)3 and 4 . 0 ~ 1 0 - ~  M HN03 . pHinilial =2.8M0.05. Using chronomal analysis29 an 

the average paniclc size. Hamada. ct. d.10 found that the growth limited by a poly-surface 

nucleation mechanism. 300 ml  of this solution was prepared and f i l t e d  through a 0.2 pm 

mcmbranc filter and la stand for 24 hrs at room temperature (22.W.SC). This vessel 

was then placed in a water bath (filled with a ethylene glycol solution to slow evaporation) 

at 80.MO.I'C. At various times 20 ml samples were taken and rapidly qvcnchcd to room 

temperature and mcasured as to their pH, absorbance at A= 390 nm and were centrifuged 

at 700 G and washed rcpcatedly with dirtillcd water using ultrasonic agitation". The 

panicle sizc distribution as measured taking a samplc on an aluminum stub for obwrvation 

with a Cambridge Stereoscan 240 Scanning Electron Microrcape. An example of the 

particles produced by this reaction i s  given in Figure I. Thc paniclc sizc distribution was 

mcasured by automatically counting 400 panicles of different sire in the SEM pictures 

using Image 1.4gTM software32. The error of the size distributions33 mcasured was less 

than 51 .  The arithmetic mean size and standard deviation were determined from the 

paniclc size distribution. A portion of the samples wcre also extracted with chlorolorm 

solution. Thc total amount of  indium ions and the amount of  indium in polymcric 

hydroxide compler form were dctecad using a pH shift specuoscopic tcchniquc pioneered 

by Hamada, ct, a1.I4 that uses the colored Indium - 8-quinolinol complex for detection. 
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Table  2 Crystal Growth Rate 

Growth Mcchanirm C f(S) n Ref 

Diffusion Bulk % S-1 -I 
40 

Mono Surface Nuclea~ian PAD d" crp[AG'&,T]( 2 4 I 

Chemical R a t i o n  rl* S-1 -I 

4AG.' = P L ~  yc2 d2/(l BA kBT In S) 

9 is the molar volume. NA, is Advogadro's number. Cq is lhc cquilibrium concentralion. 
D is the diffusion coefficient. rub-r rurfacc.rl is the Damkohlcr Number. PA is the a x  
shape factor for surface nuclei, yo is the distance between steps, n, is the equilibrium 
surface conccntration. P=I-o,lS is anc minus the m i m u m  surface supcMNratian 
divided by the solution supenaNration, p is the dcnsity 

Experimental data arc prewntcd in Figures 2 and 3. The lcmperamre compensated pH (not 

shown) decreases approximately 0.30f0.15 pH units after the temperature of the solulion 

is raised. The solution absorbance is near zero for ncarly one hour thcn increaser from 100 

lo 250 min. As a result, we can presume that the paNclcs are nucleasd rather quic!dy and 

lhcy take timc to grow to h e  a size that is sufficiently large lo scallcr lighl. (Nolc. R* is 

-SOA for these values of S and T.) The mean paniclc sizc increases from 150 min. lo 3M) 

min.wilh a decreasing r a a  and the standard deviation of thc panicle sizc distribution 

generally incrcascs with growth rime. The fraction of monomeric Indium complexes 

[defined as all indium complcxcs in solulion except the i:j= 3:4 hydroxide complex] 

decreases with timc. The palymeric Indium complexes [defined as [he 3:4 indium 

hydroxide species] incrcascs lo a maximum conccnmtion at 180 min.. then decreases lo a 
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Figure I. Scanning Electron Micrographs of panicles pmduced at 240 min. Bar = 5 pm. 

minimum at 250 min. then increaxs again. The polymeric Indium complexes have a very 

low concentration at all times and may bc subject to erron sincc Bc dcrcction limit of this 

technique is 6 x10-6 M or a fraction of 0.015. The measured paniclc size distributions. 

shown in Figure 3A. show lhc increasing s i x  and breadth of the panicle size distribution 

as timc progrcsses. 

Comparison with Model Calculatians 

Utilization of lhis modcl allows the prediction of lhc panicle size distribution and the values 
of [In')]. [OH-]. S and all of the species of rhc type lnj(OH-)j+(im-J) or inj(NO3.),+(im-j). 

shown in Figure 2. 3 and 4. The parameters used in these model calculations arc given in 

Table 3. These result an highly dcpendcnl upon I )  the growth modcl used for calculation 

2) the diffusion coefficient. D, uscd in both the growth rate and the nucleation ratc and 3) 

the inrerfacial cncrgy, y, uscd in the nucleation ratc. Changing the growth law alters the 

shape of the paniclc size distribution as it matures with time. Thc diffusion coefficient 

altcn the spccd with which thc panicles are both nuclcxted and grow. And the interfacial 

cncrgy indcpcndcntly alters the nucleation ratc which as a consequence alars both the 

number density of paniclc and the timc over which nucleation tabs place. i.c. the nuclei 

sire distribution. The growth modcl which bcst fit the panicle size data (Figure 26)  (and 

the abrorbancc dara. Figure 2A) i s  the diffusion limited growth law. Previous 
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researchen35 using chmnomal analysis have found that poly surface nuclcation is the rate 

dctcrmining growth sap. Howcver, chronomal analysis uses LaMcr's concept of a single 

bun t  o f  nucleation followed by a period o f  growth which our model suggests is not t ~ c  

because nuclcation is continuous, broadening the panicle size distribution. The modcl 

parameten of diffusion coefficicnr. D [=5x10-~ cm2/sec]. and interfacial energy. y [=I05 

crg/cm2], were altered to give thc best fit (by eye) o f  the panicle size distributions. Thc 

value of  interfacial cncrgy war found to be typical o f  a solid i n  a liquid36.37 and has a 

great deal of  conlrol of the paniclc sizc distribution cvcn for small changes. i.e I erg/cm2. 

Thc value o f  the diffusion cocfficicnt is much lower than that typical for ions i n  

solution~~.39. i.e. 10-5 cm21scc. But since the diffusion coefficicnt for either nuclcation 

or growth is an effcctive valuc which must account for I )  counter diffusion. 2) multi- 

component diffusion, and hydraad indium ion complex diffusion, i t  may be reasonable to 

use such a low value. As a rcsult o f  these values. the absorbance mcasurcmenu shown i n  

Figure 2A arc also well fit by the modcl. The absorbance data contains infomation on thc 

number. as well as the sizc o f  the paniclcs. According to Rayleigh's law o f  light 

scattering. the intensity o f  light mnsmittcd through a suspension o f  length. I, is given by : 

whcrc 1. is the incident light intcnsity. N is thc number of panicles per unit volume and 

C, is lhc cross section for scattering given by : 

where V [=a31 is the volume of thc panicle. 1 is the wavelength, m is the relative refractive 

index o f  thc panicle in the medium, water. Sincc the model predicts well the paniclc size 

data and the absorbance data we can infer that the model also predicts the panlcle number 

density well. Thc model results for thc standard deviation of the panicle sizc distribution 

show the same trend as thc cxpcrimental results but the modcl rcsula arc about 0.05 

higher. 

I n  Figure 4, wc see the modcl rcsults o f  [Int3] and [OH-] as a function of time as the 

solution is healed from 22' to 80'C. The OH' concentration increases as the lcmperaturc 

tncrcascs. This incrcase slows as nuclcation and growth proceed. Thc In+) concentration 

decreases monotonically as nuclcation and growth praccds. Sincc S= [ln+"[OH. 
K," L, We 

~ c 

can see that changcs i n  [Int3] and [OH-] impact thc driving force. S.  S (not shown) 

incrcaes from - I to = IO.WO as thc tcmpcrature increases to 80'C and remains high for 

time >20 min. until the end o f  thc cxpcriment allowing growth to p m c c d  for scvcral houn 

at a "cry high supcnaruration. The paniclcs are nucleated over a specific period o f  time 
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A) 
0.15 

Absorbance 

Dl 

0.05 ~ x p e r i m e n y d ~ ~ ~ ~ ~  
/ /. 

igum 2. Plot o f  cxpcrimcntal data for an experiment performed with a 4.0~1  
In(N03)3. 4 OsIO-'M H N 0 3 ,  pH1=2.80. A) Absorbance at k 3 9 0 n m  ( I  cm cell) \ c r s ~ s  
lmc .  B) Mean sue and C)  Standard Dewauon of panlclc slze dtaribul~ons versus l m c  D) 
Fraction o f  monomeric and polymeric Indium spectes in solullon. The sum o f  sohd plus 
monomcnc and polymcnc specks lotals 1.0. 

(10 win. x,,,clca,i.,,,> 20 min.) giving a distribulion of nuclei sizes which conlinucs l o  

grow as shown in  Figure 3. Separate calculations show that the critical value o f  S is 

-IO.OW thus nucleation w i l l  be insignificant for all values o f  S << 10,000 before the peak 

in S a8 -10 mi". The number o f  particles pcr unit volume and thc panicle sire as a function 

o f  lime when compared to experimcntal values arc reasonably accurate, compare Figures 

3A and 38, except for limes greater than 250 min when thc particle settle out of the reaction 

VCSSCI. 

The way this model has been fomulasd gives the ability to predict the changes in  the 

conccnuation o f  solution species as thc experiment proceeds. This is also shown in Figure 
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Time( min) 

Figwe 2. Continued 

4. Hcrc we see that the various [OH-] compleres initially increase in concentration due to 

an increase in  [OH-] and then decrease in conccnmtion as nuclcatian and growth pmccd. 

The concentration of [Int31 and the Ini(N03)j complcxcs decrease monotonically. The 

cxperimcntal results for the monomeric and polymeric lndium hydroxide complexes arc 

shown in Figure 2D.  Comparing the modcl and experiment for the monomeric lndium 

species shows that the modcl significantly under estimates, however. the downward trend 

is consistent with experiment. Comparing the modcl (Figurc 4) and experiment (Figure 2D. 

3:4 complex) for thc polymeric lndium species shows that the model is in significant error. 

i f  we can trust the cxperimcntal data, as diwuswd above. Overall thc model works well 

for the number and size distribution of panicles pmduccd but does not accurately predict 

the lcmponl changes in LC monomcric and polymeric lndium species. 

Differences bctwccn cxpcrimental and model rcsults are caused by both cxperimcntal 

problems and model inaccuracies. In  enperimcnrs, the big panicles settling on the 

bottom or sticking on the glass wall while small panicles are lost due to the 

washing/ccnuifugation method employed. There experimental problems are observed 
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Rgum 3. Pmicle size Jisuibutions at \.miom limes v6@= 60 min.. vlZC= 120 min.. etc. A) 
Erpcrimcnwl rerule B) Model m u l e .  
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1 0 0  

1 0  Temperalure 

1 

Cancentralion. Moles 0 . 1  

Fig. 4Con~~nlration of rolwion species versus time of  the forccd hydrolysis of 41 10% 
In iN0j) j .  4 1  I W ~ M  HNO3. Using bmogcncour nucleation md diffurm limited gmwh 
modcl. 
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late in the reaction time. The modcl docm'l considcr thc effect of the dissolution of the 

small particles during quenching. washing and ccnrrifugation on the standard deviation 

and the resulting change of polymeric indium species in solution. To improve the modcl. 

the dissolution of the small paniclcs at late rcaclion limes should bc considcrcd. Diffcrcnt 

valucs for thc model parameters, i.c. the diffusion cocfficicnt and h e  interfacial energy. 

should also considered to better taylor h e  modcl so that i t  will better fit the experimental 

results. 

Table 3 Parameters i n  Model  calculation w i th  homogeneous 

Conclusions 

K w  

Hsp 

Ksp 

A H o ~ i i .  K o ~ i i  

AH~03 j i .  K ~ 0 3 i i  

AH I 

K1 

The hydrolysis of acidified In(N03)3 solution has bccn studied experimentally. The 

result Is a relatively narrow s i x  distribution of submicron cubic In(OH)) crystals. A 

modcl o f  forced hydrolysis has been developed. This modcl accounts for the varying 

10-1399 @ 2SC 

24789 c a l l  mole 

M3 @ 25'C 

See Table 1 

See Table I 

3.30 kca l l  mole 

101-18 @ 25'C 

4 8  

4 9  
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concentration o f  ions in solution as the precipitation proceeds and prediclr the panicle sire 

distribution. I t  assumes that all chcmical reactions i n  solution arc fast compared to lhc 

change i n  solution tcmpcramre. The formalism of Lhis model is a mzss balance on both lhc 

mclal. In+3, and hydroxide. OH-, ions in solution which allows calculation at any timc o f  

the supersaturation ratio. S.  the driving force for precipitation. Various crystal growth 

laws can be incorporated into the modcl. Comparison between modcl and experiment 

shows I )  good agreement o f  thc evolution of the panicle size distribution, disuibution 

width and light absorbance with time. 2) reasonable agrccmcnt of the indium conccntration 

in solution as a function of timc and 3) poor agreement o f  the indium polymcr 

concentration i n  solution as a function o f  time. The richncss of data provided by this 

modd gives valuable insight into the details of changes in solurion complcxarion that arc 

responsible for prccipilation of monodispcrre panicles i n  forced hydrolysis ryrtcms. 
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