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SUMMARY 

The purpose of this investigation was to study the hydrolysis of 

the SbCl^ ion and to learn the effect of acid and base concentration 

on the rate of this reaction» Because the reaction had been thorough­

ly studied in strongly acidic solutions, and because the reaction becomes 

too fast to measure above pH 12 , the rate of the reaction was studied 

in the pH range 2 - 1 2 . 

A stock solution of SbCl^ in concentrated HC1 was injected into 

various buffer media and the absorption due to SbCl^ was measured with 

a Beckman DU spectrophotometer. Because the absorption is proportional 

to the concentration of the absorbing species, the slope of a plot of 

log absorption against time should give the rate of the reaction. 

The final product of the hydrolysis was determined to be the 

Sb(OH)^ ion in both the acid and basic pH's used in this study* 

The plots of log absorption vs. time usually showed deviation at 

high pH from the straight line expected for a first-order or pseudo 

first-order reaction. Most of the curves could be resolved into two 

straight line components, one of which was attributed to the SbCl^ hy­

drolysis, and the other to the decay of some intermediate or product 

characteristic of the basic buffer system. The rate of the hydrolysis 

of SbCl^ is almost constant from pH 2 to pH 6 . It is essentially first-

order in hydroxide in the pH range 9 -11• The rate of decay of the inter­

mediate shows dependence on hydroxide within the NH,C1-NH,0H buffered 
4 4 

runs, but there appears to be dependence on the type of buffer as well. 
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CHAPTER I 

INTRODUCTION 

One of the areas of interest and importance in contemporary inor­

ganic chemistry is the study of substitution reactions of complex ions. 

Many reactions, which in the past have merely been called hydrolysis re­

actions, are in fact reactions of this type with water molecules being 

the substituting reactant. This thesis reports the investigation of the 

hydrolysis of the SbCl^ ion. 

The hydrolysis of SbCl^ to SbCl^OH has been studied by Neumann 

and Ramette (l) in HCI concentrations from 1 to 9 M. They determined rates 

under conditions where the reaction was pseudo first-order: i. e., the 

rate - k-^*[SbCl^ ]. The reaction was accelerated by the presence of hy-

drogen ions. The rate constant k^ was ( 3 . 9 + 0 . 8 [ H ] ) * 1 0 min. in 6 M 
— + —3 

CI . At a total chloride concentration of 9 M, kh was ( 5 .3 + 1.6[H ] ) * 1 0 

min. ^. They also observed that Sb(lll) accelerated, the reaction and that 

SbCl^ was apparently the active species. 

Bonner and Goishi (2) reported a thorough study in hydrochloric 

acid of the kinetics of electron exchange between Sb(lll) and Sb(V) species 

and of the hydrolysis of SbCl^ . Their data on the hydrolysis was obtained 

from both spectrophotometric measurements and from the exchange reaction 

studies. These results are in very good agreement with those of Neumann 

and Ramette. 

Mazeika ( 3 ) attempted to study the hydrolysis 1/: higher pH ranges. 

Certain difficulties in the work and irregularities in the results made 
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i t d e s i r a b l e to s tudy f u r t h e r t he pH 2-12 r e g i o n i n o rde r to improve or 

e x p l a i n h i s e x p e r i m e n t a l da ta* 

A l l p r e v i o u s work i n d i c a t e d t h a t the f i n a l product i n a c i d i c c h l o ­

r i d e s o l u t i o n s i s an e q u i l i b r i u m mix tu re of i ons of the t ype Sb(OH)xCl^_ . 

There was no ev idence a s to what the f i n a l product i s i n b a s i c s o l u t i o n , 

a l t h o u g h Sb(OH)^ might be e x p e c t e d . The behav io r of ant imony(V) i n 

c h l o r i d e - f r e e s o l u t i o n w i l l be d i s c u s s e d b r i e f l y because of i t s p e r t i n e n c e . 

J a n d e r and Ostmann ( 4 ) r e p o r t t h a t a t pH g r e a t e r than 12 a r e v e r s i ­

b l e e q u i l i b r i u m e x i s t s between two monomeric s p e c i e s , p robab ly Sb(OH)^ 

and SbO(OH)c . Although they do not use t h e i r da t a to c a l c u l a t e K fo r 
j a 

Sb(OH) 6 " , i t i s p o s s i b l e to e s t i m a t e the v a l u e from da ta i n F i g u r e 2 of 

t h e i r a r t i c l e . The u l t r a - v i o l e t spectrum of KSb(OH)^ a t pH 12 i s i d e n t i ­

c a l to t h a t a t pH 6 . 8 , i n d i c a t i n g t h a t Sb(OH)^ i s the on ly s p e c i e s p r e s ­

e n t . The s p e c t r a a r e d i f f e r e n t a t pH's 13 and 14• From the s p e c t r a , and 

assuming t h a t a t pH 14 the predominant s p e c i e s i s SbO(OH)^ , i t appea r s 

t h a t about 25 pe r cent of the ant imony(V) i s p r e s e n t a s SbO(QH)^ a t pH 

13o This would correspond to an i o n i z a t i o n cons tan t cf 3•10 f o r 

S b ( 0 H ) 6 " . They r e p o r t t h a t condensa t ion of Sb(OH)^ i n the a c i d r e g i o n 
_3 

i s c o n c e n t r a t i o n dependent; i n 10 M s o l u t i o n s on ly monomeric s p e c i e s 
—2 — 

e x i s t , but i n 10 M s o l u t i o n s Sb(OH)^ a g g r e g a t e d a t pH 3 . 6 - 4 ° 0 to a s p e ­

c i e s w i th i o n i c we igh t of 960 (hexaan t imona te )» 

Souchay and Peschansk i ( 5 ) r e p o r t t h a t the an t imonate ion i s Sb(OH)^ 

a t h i g h pH, and HSb^O^™ a t pH below 2 . 5 w i th no a p p r e c i a b l e amounts of 

o t h e r i o n s o c c u r r i n g above pH 0 . 9 * According to R i c c a , D'Amore, and 

Bellomo ( 6 ) , the s p e c i e s p r e s e n t i n weak ly a c i d s o l u t i o n s a r e S b ( 0 H ) 6 and 

HSb^O^ a long w i t h HSb^O = . They c a l c u l a t e the f o l l o w i n g e q u i l i b r i u m 
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constants from their data; 

H 3 0 + + 2 Sb(0H) 6 ^ H S b
2 ° 6 + 7 H2° 

= [H 30 +][Sb(0H) 6-] = 2 > 5 . 1 Q - 6 

psb2o6 ] 

3 HSb 20 6 <± H S b 6 0 1 7 + H 20 

K 2 = [ H S b 2 ° 6 " ] 3 = 3.3.IO- 5. 
[HSb 60 1 7=] 

If the hydrolysis of SbCl^ proceeds to the point where all chlo­

rides are replaced, the final product would then be expected to be Sb(OH)^ 

or its condensation products, depending on the solution conditions. 



CHAPTER II 

EXPERIMENTAL 

The SbCl^ ion exhibits a strong absorption peak at 2 7 0 0 A (extinc-

tion coefficient = 7 ° 8 4 ° 1 0 ). If one assumes that none of the hydrolysis 

products show appreciable absorption in this region, the reaction 

SbCl 6" -* SbCl^OH)" 

can be followed by spectrophotometric methods. Absorbance readings were 

taken with a Beckman DU spectrophotometer at several wavelengths (usually 

3 0 0 0 , 2 8 0 0 , 2 7 0 0 , and 2 6 0 0 A ) . The readings at 3 0 0 0 A were taken in those 

runs in which the initial SbCl^ concentration was too great to allow use­

ful absorbance readings at the absorbance peak. Those readings at 2 8 0 0 A 

and 2 6 0 0 A provided a check on the readings at the absorbance mjjaximum 

( 2 7 0 0 A) and also some assurance that the reaction products did not con­

tribute to the recorded absorbance. 

Fused silica cells with a path length of 1 cm. were used in the 

initial runs both to contain the reaction and for the absorbance measure­

ments. Some of the later runs were contained in 2 5 0 - m l . volumetric flasks 

with aliquots removed for absorption measurements. The cells were main­

tained at a constant temperature ( 2 5 . 0 + 0 * 4 ° ) by means of a water jacket, 

through which water from a thermostated bath was pumped. Those runs which 

were made in volumetric flasks were maintained at 2 5 « 0 + 0 o 2 ° by a sepa­

rate water bath in which they were immersed. For readings from these 
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f l a s k s , the c e l l s were r i n s e d two or t h r e e t imes w i t h the s o l u t i o n , f i l l e d , 

and p l a c e d i n the the rmos ta ted DU spect rophotometer c e l l h o l d e r where the 

r e a d i n g s were made. The t ime recorded was the t ime t h a t the absorbance 

measurement was a c t u a l l y made. 

Two c o n c e n t r a t i o n s of Sb(V) s tock s o l u t i o n were used i n the r u n s . 

They were p repared by t r a n s f e r r i n g Baker and Adamson Reagent Grade 

SbCl^ to a g r adua t ed t e s t tube and d i l u t i n g to 100 ml . w i t h concen t r a t ed 

HCI. Because the SbCl^ r e a c t s w i t h w a t e r vapor i n the a i r , the volume of 

SbCl^ cou ld not be a c c u r a t e l y measured . Spec t rophotomet r ic measurements 

showed the c o n c e n t r a t i o n s to be 0 .12 M and 0 .45 M. In each run about one 

m i c r o l i t e r of the S b C l c s o l u t i o n was added fo r each ml . of b u f f e r . This 
5 

gave an i n i t i a l absorbance of about 0 . 9 a t 2700 A when the 0 .12 M SbCl^ 

s t o c k s o l u t i o n was used and of about 0 . 9 a t 3000 A when the 0.4-5 M s tock 

s o l u t i o n was u s e d . 

Buf fe r s o l u t i o n s of N a ^ H ^ C l , K C ^ O ^ l , N a C ^ O ^ K C ^ O ^ 
KH"2PO ,̂ K2HP0^, K^BO^, K

2

C ° 3 > a n d N H ^ C 1 w e r e u s e d - I n m o s t r u n s t h e c o n _ 

c e n t r a t i o n of the p o s i t i v e ion (Na , K , NH, ) was ma in t a ined a s c l o s e a s 
4 

p o s s i b l e to 0 . 1 N. The pH was a d j u s t e d w i th the a p p r o p r i a t e a c i d or b a s e . 

In g e n e r a l , the runs a f t e r number 15 used w a t e r which had been d i s ­

t i l l e d from a l k a l i n e KMnO. s o l u t i o n . This wa te r was used f o r two r e a s o n s : 
4 

f i r s t , the r e s u l t s seemed to be somewhat b e t t e r , and second, t h i s w a t e r 

was c o n s i d e r e d to be about a s c o n s i s t e n t l y pure a s p o s s i b l e . 

Absorbance r e a d i n g s were t aken a t i n t e r v a l s dependent upon the 

r a t e of the r e a c t i o n . For the f a s t e r r e a c t i o n s , r e a d i n g s were t aken a s 

of ten a s e v e r y 1.5 minutes* However, i f the r e a c t i o n was going s l o w l y , 

r e a d i n g s were not needed t h i s f r e q u e n t l y . U s u a l l y , f i v e to t en r e a d i n g s 
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p e r h a l f - t i m e were s a t i s f a c t o r y . The r e a c t i o n was u s u a l l y f i r s t - o r d e r 

or pseudo f i r s t - o r d e r , a s shown by the l i n e a r i t y of p l o t s of log(A-A ) 

v s . t i m e , where A i s the absorbance or o p t i c a l d e n s i t y a t a t ime t . The 

h a l f - t i m e s of the r e a c t i o n s were determined from the s l o p e s of t h e s e p l o t s . 

Some t y p i c a l runs a r e shown i n F i g u r e 1. 

In an a t t empt to s tudy s e v e r a l runs s i m u l t a n e o u s l y , i t was dec ided 

to perform the runs i n v o l u m e t r i c f l a s k s kep t i n a cons tan t t empera ture 

b a t h . At convenien t i n t e r v a l s a spect rophotometer c e l l was f i l l e d w i t h 

the s o l u t i o n and absorbance r e a d i n g s made. In t h e s e runs , what was termed 

the " c e l l e f f e c t " was f i r s t obse rved . An example of t h i s i s run number 

6 6 . A p l o t of t h i s run proceeded i n a r e a s o n a b l y l i n e a r manner and w i t h 

a h a l f - t i m e of more than 200 m i n u t e s , based upon r e a d i n g s made on p o r t i o n s 

f r e s h l y removed from the v o l u m e t r i c f l a s k . The p o r t i o n t h a t was p l a c e d 

i n the s i l i c a c e l l f o r the r e a d i n g began to h y d r o l y z e i n a normal manner 

bu t w i t h a h a l f - t i m e of about 30 m i n u t e s . Af t e r the c e l l e f f e c t was ob­

s e r v e d , most of the runs were made i n both the g l a s s v o l u m e t r i c f l a s k and 

i n the s i l i c a c e l l . In g e n e r a l , the v o l u m e t r i c f l a s k produced a l o n g e r 

h a l f - t i m e than the s i l i c a c e l l . The reason for t h i s d i f f e r e n c e i s not 

c l e a r . The most s imple e x p l a n a t i o n i s t h a t i t i s j u s t a s u r f a c e e f f e c t ; 

0.64- cm. / m l . f o r the v o l u m e t r i c f l a s k . The v o l u m e t r i c f l a s k s were a l w a y s 

washed w i t h c o n c e n t r a t e d HC1 be fore runs to be su re t h a t no r e a c t i o n prod­

u c t s were on the s u r f a c e before the run.. On o c c a s i o n s , the s i l i c a c e l l s 

were washed w i t h c o n c e n t r a t e d HC1 between r e a d i n g s of the p o r t i o n s from 

the v o l u m e t r i c f l a s k s wi thou t any d e c r e a s e i n the c e l l e f f e c t . Attempts 

were made to " i s o l a t e the s o l u t i o n from the c e l l ' ^ by the u se of a t h i n 

the s u r f a c e a r e a of the s i l i c a c e l l was about 





8 

covering of paraffin on the inside of the cells. This seemed to help 

lessen the cell effect in some of the runs, but cracking or peeling of 

the coating occurred in some cases, making interpretation of the data dif­

ficult . 

In an attempt to determine if the reaction products had any effect 

on the rate of the reaction, several runs were made by adding more SbCl^ 

stock solution to an already used NaC^H^O^ buffer solution (pH 5). While 

the kinetic results of these runs were inconclusive, there was an inter­

esting occurrence. Small crystals of some substance were formed on the 

cell surfaces. Larger amounts of the stock SbCl^ were added to the buf­

fer and a white crystalline precipitate formed. A similar treatment of a 

Na^CO^ buffer also resulted in the formation of the white precipitate. 

Various analyses indicate that the precipitate in both cases is 

NaSb(0H)^#l/2H20 (Table l). The method used for determination of anti­

mony (V) was basically that described by Willard and Diehl (7), in which 

Sb(V) oxidizes iodide in strong acid, and the liberated iodine is titrated 

with thiosulfate. The results indicated that the end product of the re­

action is the same in all buffer solutions, as well as characterizing 

the end product of the hydrolysis. 

Because some of the runs at high pH showed curvature and an inter­

mediate product was suspected to be responsible, several spectra were 

made on a Cary 14- recording spectrophotometer of solutions prepared by 

passing a stream of dry air over SbCl^ and bubbling this gas through 

various buffer solutions. The resulting curves had a single absorption 

maximum located either about 2700 A or 2900 A. The 2700 A maximum is 

assumed to be caused by SbCl^ . The solutions that produced the maximum 
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Table 1 . A n a l y s e s of Antimonates P r e c i p i t a t e d from Buffered 
S o l u t i o n s 0 

M a t e r i a l % C % H % Sb 

Unknown from N a C ^ C ^ J 0 . 2 1 2 .80 

Buffe red S o l u t i o n J 0 . ^ 6 2 . 7 8 

Unknown from Na^O^ ") 4 7 . 6 

Buffered S o l u t i o n J 4 7 . 5 

NaSb(0H) 6 0 . 0 2 .^5 49-4 

NaSb(0H) 6 *H 2 0 0 . 0 3 .05 45-9 

N a S b ( 0 H ) 6 ' l / 2 H 2 0 0 . 0 2 . 7 6 47-5 

a t 2900 A were s o l u t i o n s of h i g h pH. The m a t e r i a l which produced the 

peak a t 2900 A was a c i d s e n s i t i v e and d i s a p p e a r e d immediately. , i f the 

s o l u t i o n was a c i d i f i e d . 



CHAPTER I I I 

RESULTS 

The r a t e of h y d r o l y s i s was measured i n s o l u t i o n s cover ing the pH 

range 2 - 1 2 . For c l a r i t y , the r e s u l t s w i l l be p r e sen t ed i n groups depend­

i n g on the pH range and /o r composi t ion of the b u f f e r medium. 

In many of the runs w i t h h i g h pH, the p l o t s of l o g ( A - A ^ ; ) . v s . 

t ime were not l i n e a r . S e r i o u s d e v i a t i o n s from l i n e a r i t y were f i r s t ob­

s e r v e d i n runs bu f fe red w i t h NH.Cl and KQBO„„ In t h e s e r u n s , the r a t e 
4 J J 

a c c e l e r a t e d a s the r e a c t i o n p roceeded 0 Such an e f f e c t can occur whenever 

the product of the r e a c t i o n i s a c a t a l y s t fo r the r e a c t i o n . However, 

a d d i t i o n of enough KSb(OH)^ to s a t u r a t e the s o l u t i o n was observed to have 

no e f f e c t ( run 8 1 ) , i n d i c a t i n g t h a t some o the r e f f e c t was c a u s i n g the d e -

A second p o s s i b i l i t y i s t h a t t h e r e i s an I n t e r m e d i a t e of measurable 

l i f e - t i m e which has an a p p r e c i a b l e absorbancy a t the wave leng th u s e d . 

I f such i s the c a s e , the i n t e r m e d i a t e w i l l p robab ly be d i s a p p e a r i n g by a 

f i r s t - o r d e r or pseudo f i r s t - o r d e r r e a c t i o n . Assuming the r e a c t i o n f o l ­

lows the p a t t e r n of consecu t i ve f i r s t - o r d e r r e a c t i o n s 

v i a t i o n s • 

X Y 

t h e c o n c e n t r a t i o n s of X and Y a r e g iven by ( 8 ) 

[X] - [X°] e ~ k l 
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and 

k 

[Y] = —V (e'V - e V ) 
K2 K l 

where [x] and [l] are the concentrations of species X and Y at time t, 

and the concentration of X at the start of the reaction. 

The variation of absorbance with time for the case where X and 

Y are the only absorbing species can be derived in the following manner: 

-k-,t Aj. = ex[x] 1 = A ° x e K l 

k £ 
A = s FYI 1 = — — A 0 (e" kl t - e~k2l) 
Y Y L I J 1 k 2 - k £ x

 A X k e 1 e ^ > 

A = Lr + 

w here A^ and Ay are the absorbances due to the species X and Y, respec­

tively; £ Y and £ v are the extinction coefficients of those species; and 
X JL 

1 is the path length of the solution. A ° Y is the .initial absorbance of 
X 

the solution due to species X and A ° x = e [x°] 1. By rearrangements of 

the above equations one can arrive at the following relationships. 

A = A° e - V + I1
 A° r-̂ V e ^ l * - J1 A° r^V ^ 

X s x X k 2 - k l
 e X X k2 " k l 

= Ao ( 1 + !i —ix_ , e - ^ t _ Ao !i e-k 2t 
X k2 " k l X £ X k2 " k l 

A system behaving in this way is best analyzed by plotting log(A - A ) 

vs. t. Such a curve should be capable of resolution into two straight 

line components, one having a slope equal to -k-^/2.303 and the other 
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Figure 2. Resolution of an Accelerating Run. 
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e q u a l to - 1 ^ / 2 . 3 0 3 • 

Because a f t e r a s u f f i c i e n t l y long t ime the l o n g e s t l i v e d component 

de te rmines the s lope of the cu rve , t h i s r e s o l u t i o n i s e a s i l y made by 

e x t e n s i o n of the l a t e s t r a i g h t l i n e s e c t i o n of the p l o t to t 0 , s u b t r a c ­

t i o n of the observed curve from the extended l i n e , and p l o t t i n g the l o g 

of the a b s o l u t e v a l u e of t he r e s u l t i n g numbers v s . t ime ( F i g u r e 2 ) . In 

p r a c t i c e t h i s r e s o l u t i o n works b e s t when the d i f f e r e n c e i n k-̂  and k^ i s 

l a r g e . However, i f the curves to be r e s o l v e d a r e i n r e a s o n a b l y good 

o r d e r , one should be a b l e to determine the h a l f - l i v e s of the components 

w i t h i n 1 5 pe r c e n t . 

I t should be noted t h a t the curve w i l l be convex i f k^ i s g r e a t ­

e r than k p and concave i f i s l e s s than kj « Most of the K^CO^ and 

NH ĈT bu f f e r ed runs gave cu rves t h a t could be r e s o l v e d i n t o two more 

or l e s s s t r a i g h t l i n e compounds. The curves i n the K^CO^ b u f f e r s were 

g e n e r a l l y concave; those i n the NH^Cl b u f f e r s were convex. A c l e a r r e s ­

o l u t i o n was not p o s s i b l e i n most of the K^BO^ buf fe red r u n s . An e x p l a n a ­

t i o n of t h i s i s t h a t the components have s i m i l a r h a l f - t i m e s . 

pH Range 2 -6 

Buf fe r s o l u t i o n s i n t h i s pH range a r e g e n e r a l l y made from a com­

b i n a t i o n of sodium a c e t a t e and a c e t i c a c i d . The I n i t i a l exper iments were 

performed In such a medium. These runs u s u a l l y gave r e l a t i v e l y s t r a i g h t 

l i n e s i n the log (A - ÂJ v s . t ime p l o t s . Because of t h i s good b e h a v i o r 

i n each i n d i v i d u a l run , and because of the convenience^ use of t h i s medi­

um was c o n t i n u e d . The work of Mazeika ( 3 ) i n d i c a t e d t h a t the h a l f - t i m e 

observed depended on the source of the w a t e r used i n the s o l u t i o n s . 
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This p o i n t was r e i n v e s t i g a t e d and the r e s u l t s a r e i n c l u d e d i n Table 2. 

D i s t i l l e d w a t e r u s u a l l y gave h a l f - t i m e s markedly s h o r t e r than d id t a p 

w a t e r (Table 2, runs 1 and 2). Deionized w a t e r gave v a l u e s between t h a t 

of t a p and d i s t i l l e d w a t e r (Table 2, run 4) • The cause of t h i s d i f f e r e n c e 

was thought to be the Gl^ which i s p r e s e n t i n s m a l l amounts i n the t a p 

w a t e r . S e v e r a l runs were made where p o r t i o n s of a s a t u r a t e d Cl^ s o l u t i o n 

were added to the w a t e r u s e d . The Cl^ c o n c e n t r a t i o n i n t h e s e runs was 

about 100 t imes g r e a t e r than the c o n c e n t r a t i o n i n t a p w a t e r . The a d d i ­

t i o n a l Cl^ d id not seem to make much d i f f e r e n c e i n the r a t e . Because 

i t d i d not seem r e a l l y proper to be adding Cl^ to a s o l u t i o n j u s t b e ­

cause i t gave a l o n g e r h a l f - t i m e , i t was dec ided to a t t empt to improve 

the q u a l i t y of the w a t e r . I t was found t h a t w a t e r which had been r e d i s ­

t i l l e d from a l k a l i n e permanganate s o l u t i o n gave a h a l f - t i m e v e r y c l o s e 

to t h a t of t ap wa te r and In the same range a s those runs t h a t had e x ­

c e s s Cl^ added . I t was dec ided t h a t wa te r d i s t i l l e d from a l k a l i n e p e r ­

manganate s o l u t i o n would be used fo r the remain ing r u n s . 

S i n c e S b ( l l l ) i s known to c a t a l y z e the hydrolysis of SbCl^ i n 

h y d r o c h l o r i c a c i d s o l u t i o n s , i t was thought that the s c a t t e r i n g of the 

r e s u l t s might a r i s e from the p resence of v a r i a b l e amounts of S b ( l l l ) 

formed by the a c t i o n of r educ ing i m p u r i t i e s . However, a d d i t i o n of an 

a l i q u o t of S b ( l l l ) from a s tock s o l u t i o n In concen t r a t ed HCI to g i v e an 

S b ( l l l ) c o n c e n t r a t i o n o f 10"^ M d i d not produce a d e c r e a s e i n the h a l f -

t ime (Table 2, run 26). A p p a r e n t l y 5 the S b ( l l l ) does not c a t a l y z e the 

h y d r o l y s i s i n the pH ranges s t u d i e d h e r e . 

In an exper iment a t pH 4 i n which the Sb(v) c o n c e n t r a t i o n was 

r e l a t i v e l y l a r g e , s m a l l c o l o r l e s s c r y s t a l s were formed on the w a l l s of 
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Table 2 . pH Range 2 - 6 with Sodium Salts as Buffers« 

Half-
time 

Run pH (min 

1 2 2 . 3 0 5400 

1 3 2 . 9 5 3 1 0 

n 3 . 0 0 3 5 0 

16 3 . 3 0 4 1 3 

3 2 3 . 8 9 4 2 0 

3 1 3 . 9 0 2 9 0 

1 0 4 . 3 9 4 6 9 

3 0 4 , 5 1 4 5 0 

29 4 * 5 3 5 0 5 

3 3 4 - 5 5 3 3 0 

2 7 4 - 5 5 4 5 0 

2 8 4 . 6 0 5 0 0 

3 3 4.64 2 9 0 

2 6 5 o 0 0 4 4 5 

2 3 5 . 2 0 4 9 0 

2 1 5 . 2 8 4 9 5 

9 5 . 3 3 5 0 5 

24 5.40 440 
2 5 5 . 4 2 4 4 5 

7 5 . 4 8 5 6 0 

6 5 , 4 8 3 1 5 

distilled water + CI,-, 
10.0 M acetic acid 
KMnO^ distilled water 
KMnO^ distilled water 
KMnO^ distilled water 
KMnO. distilled water + 

4 Sb(lll) 
KMnO^ idistilirtd*..water 
distilled water + CI,-, 
KMnO, distilled water 4 
KMnO, distilled water + 

4 Sb(lll) 
KMnO, distilled water 4 
KMnO, distilled water + 

4 Sb(lll) 
KMnO, distilled water + 

A C 1 2 
distilled water 
KMnO, distilled water + 

4 Sb(lll) 
KMnO, distilled water + 

A C 1 2 
KMnO. distilled water + 

distilled water + Cl^ 
KMnO. distilled water 4 
KMnO distilled water 4 
distilled water + C I a 
treated stock 
SbCl 6- + ' ; C 1 2 

distilled water + CI, 
U 

6 

treated stock 
SbCl 

sodium acetate 

sodium monochloroacetate 
sodium monochloroacetate 
sodium monochloroacetate 
sodium acetate 

sodium acetate 
sodium acetate 
sodium acetate 
sodium acetate 

sodium acetate 
sodium acetate 

sodium acetate 

sodium acetate 
sodium acetate 

sodium acetate 

sodium acetate 

sodium acetate 
sodium acetate 
sodium acetate 
sodium acetate 

sodium acetate 
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5 5.49 450 distilled water t CI 2 sodium acetate 
4 5.62 330 deionized water sodium acetate 
2 5.62 430 tap water sodium acetate 
1 5.62 253 distilled water sodium acetate 

the spectrophotometer cell. In a separate experiment larger amounts of 

this product were produced by further increasing the antimony concentra­

tion. The product was identified as the we 11-known NaSb(0H) 6"l/2 ^0 

(Table l). Because of the low solubility of this salt, micro-crystals 

might form and affect the behavior of the reacting system. Since potas­

sium antimonate is much more soluble than sodium antimonate, it was de­

cided to use potassium salts rather than sodium salts for all buffer 

solutions. 

The results in the pH range 2-6 using potassium salts are shown 

in Table 3. The improvement which had been hoped for in the consistency 

of the data was realized and Is apparent In the tabulated results. 

The only runs which appear abnormal in thl;--; -et are the two which 

contain 1.0 M acetic acid (Table 3. runs 11 and 4'iJ • The marked slowing 

in rate is apparently due to the large percentage of acetic acid. In the 

solutions; In the other solutions the acid content was generally not more 

than 0.1 M. The same effect is more obvious in a 10 M acetic acid run 

which had a half-time of 5400 minutes (Table 2, rur "7.2). 

If one excludes the runs with high acetic acid cortent, the rate 

is independent of the buffer composition find le constant to within ex­

perimental error. The average value of the half-time i- 4-25 minutes In 
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Table 3. pH Range 2-6 with Potassium Salts as Buffers 

Run P H 
\ / 2 
(min 

15 2.42 440 

46 2.80 410 
57 3.15 460 
19 3.15 444 
20 3.28 450 
11 3.45 660 

41 3.64 640 

43 3.89 435 
40 4-53 440 
39 4̂ 55 410 
52 5.30 390 
36 5.30 400 
63 5.50 415 
38 5.55 415 
37 5.55 425 
63a 5.55 420 

60 5.63 365 

Comment 

KMnO, distilled water + 
U C 1 2 

KMnO^ distilled water 
KMnO distilled water 4 
KMnO, distilled water + 

KMnO, distilled water 4 
distilled water + CI 
loO M acetic acid 2 
KMnO distilled water 
1.0 acetic acid 
KMnO, distilled water 4 
KMnO, distilled water 4 
KMnO distilled water 4 
distilled water 
KMnO, distilled water 4 
KMnO , distilled water 
in a volumetric flask 
KMnO^ distilled water 
KMnO, distilled water 4 
KMnO distilled water 
in a polyethylene 
bottle 
KMnO distilled water 4 

Buffer 

potassium monochloroacetate 

potassium phosphate 
potassium phosphate 
potassium acetate 

potassium acetate 
potassium acetate 

potassium acetate 

potassium phosphate 
potassium acetate 
potassium acetate 
potassium phosphate 
potassium acetate 
potassium acetate 

potassium acetate 
potassium acetate 
potassium acetate 

potassium acetate 
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t n /rs SbCT^ t n / 0 I n t e r m e d i a t e 

Run pH ( m i n . ) (min . ) Conta iner 

4 6 2 .80 410 s i l i c a c e l l 

57 3 .15 4 6 O s i l i c a c e l l 

43 3 . 8 9 435 s i l i c a c e l l 

52 5 .32 390 s i l i c a c e l l 

47 6 .30 380 s i l i c a c e l l 

4 8 7 . 2 0 387 
388 _— 

s i l i c a c e l l 

4 9 7*51 415 
410 . 

s i l i c a c e l l 

53 7 . 8 0 360 
350 

-— s i l i c a c e l l 

50 8 .05 354 
374 

— s i l i c a c e l l 

t h i s b u f f e r r a n g e c 

nH Range 6-8 

Buffer s o l u t i o n s i n t h i s pH range were made by use of 0 , 0 $ F 

K^HPO ,̂ 0 1 F KH^PO ,̂ or m i x t u r e s of t h e s e s o l u t i o n s 0 The g e n e r a l q u a l i t y 

of t h e s e runs was not a s good a s those i n the pH 2-6 r a n g e . The p l o t s 

showed some c u r v a t u r e but not enough to a l l o w a r e s o l u t i o n of the c u r v e . 

The r e s u l t s a r e p r e s e n t e d i n Table 4 . The phosphate b u f f e r s from the pH 

range 2 -6 a r e i n c l u d e d i n t h i s t a b l e . The r a t e i n t h i s pH r e g i o n appea r s 

t o change v e r y l i t t l e w i t h pH, showing on ly a s l i g h t i n c r e a s e i n r a t e a s 

one approaches pH 8 . 

Table 4 . pH Range 6 - 8 . The Phosphate B u f f e r s . 
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pH Range 8 -9 .3 

The b u f f e r s i n t h i s pH range were p repa red by a d d i t i o n of KOH to 

H^BO^ s o l u t i o n s . P l o t s of log(A - A ^ v s . t ime showed an a c c e l e r a t i o n a s 

t ime i n c r e a s e d i n each of the r u n s . Some of the convex cu rves could be 

r e s o l v e d i n t o two s t r a i g h t l i n e components. The r e s u l t s ob t a ined from 

the b o r a t e bu f fe red runs a r e p r e s e n t e d i n Table 5« While the v a l u e s of 

the h a l f - t i m e s a r e h i g h l y i r r e g u l a r , one can see a t r e n d toward a f a s t e r 

r a t e a s the pH i n c r e a s e s . 

Table 5° pH Range 8-9-3 . The Borate B u f f e r s . 

Run 
\/2. S b CV 

(min . ) 

t̂ y2 I n t e r m e d i a t e 

(min•) Con ta ine r 

70 8 .90 332 v o l u m e t r i c f l a s k 

67 9-18 100 34 s i l i c a c e l l 
370 v o l u m e t r i c f l a s k 

62 9 . 2 5 54 347 v o l u m e t r i c f l a s k 
32 302 p o l y e t h y l e n e 

61 9»25 53 290 v o l u m e t r i c f l a s k 

66 9 . 3 0 227 v o l u m e t r i c f l a s k 

pH Range 9 . 3 - 1 0 . 5 

NH.0H - NH.C1 b u f f e r s were used to a t t a i n t h i s pH r a n g e . In each 
4 4 

run c u r v a t u r e was obse rved , and r e s o l u t i o n was p o s s i b l e i n most c a s e s . 

The da t a fo r t he se runs a r e p r e s e n t e d i n Table 6. There i s i n g e n e r a l 

a more r a p i d a c c e l e r a t i o n i n the h y d r o l y s i s r a t e w i th pH than i n the more 

a c i d i c r a n g e s . I t i s r e a s o n a b l e to assume t h a t the t a c t i o n i n t h i s pH 

range i s p roceed ing by two p a t h s ; one a pH independent mechanism, and the 
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Table 6. pH Range 9 - 3 - 1 0 . 5 • The Ammonium B u f f e r s . 

^ l / 2 ^ C l ^ " ^ 1 / 2 ^ n " ' : e m e | i i a " ' : e 

Run pH (min . ) ( m i n . ) Con ta ine r 

78 9.30 185 53 s i l i c a c e l l 
185 80 v o l u m e t r i c f l a s k 

77 9.60 88 43 s i l i c a c e l l 
90 47 v o l u m e t r i c f l a s k 

82 9.97 52 17 s i l i c a c e l l 
55 22 v o l u m e t r i c f l a s k 

80 10.00 62 33 s i l i c a c e l l 
68 34 v o l u m e t r i c f l a s k 

79 10.00 40 18 s i l i c a c e l l 
41 22 v o l u m e t r i c f l a s k 

74 1 0 . 0 1 13 8 s i l i c a c e l l 
1 6 . 2 9 v o l u m e t r i c f l a s k 

81 1 0 . 0 1 46 17 s i l i c a c e l l 

92 1 0 . 0 7 3 2 . 5 1 4 . 5 s i l i c a c e l l 
40 v o l u m e t r i c f l a s k 
37 .5 16 p a r a f f i n - s i l i c a c e l l 

9 1 10 .20 2 1 9 s i l i c a c e l l 
25 1 0 . 5 v o l u m e t r i c f l a s k 
20 6.5 p a r a f f i n - s i l i c a c e l l 

75 1 0 . 4 9 20 .2 9.8 silica c e l l 
1 4 .8 8.0 v o l u m e t r i c f l a s k 

83 10.68 1 2 4.8 s i l i c a c e l l 
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o the r a b a s e - c a t a l y z e d mechanism. I f t h i s assumption i s c o r r e c t , the 

r a t e would most p robab ly be g i v e n by an e x p r e s s i o n of the form 

Rate = (k + k 2 [ 0 H " ] n ) [ S b C l 6 ~ ] 

where the e x p r e s s i o n i n p a r e n t h e s i s i s e q u a l to the pseudo f i r s t - o r d e r 

c o n s t a n t , k , observed i n a g i v e n exper imen t . The c o n s t a n t s , k and k , 

a r e r e l a t e d to the h a l f - t i m e s i n the f o l l o w i n g way: 

k = ° - 6 9 3 / + and k = ° - 6 9 3 / + 

V2 ° 1/2' 
The q u a n t i t y t ^ y ^ c i s the a v e r a g e v a l u e fo r the h a l f - t i m e of the runs In 

the pH range where the r a t e was independent of pH. S ince t / 0 c = 425 min-
l / 2 ( 

-3 - 1 u t e s , k = 1,63 x 10 min. 7 c 

The r e l a t i o n 

k = k + k 0 [ O H ™ ] n 

C 2 

can be t e s t e d by p l o t t i n g l o g ( k - k ) v s . pHo Such a p l o t i s shown i n F i g u r e 

3. For r e s o l u t i o n s of t h i s t y p e an e r r o r of 10-15 p e r cen t i n k i s not 

u n r e a s o n a b l e . The u n c e r t a i n t y i n (k -k ) corresponding to a 10 per cent 

e r r o r i n k i s i n d i c a t e d on c e r t a i n of the runs i n F i g u r e 3 i n o rde r t h a t 

one can s ee the s i z e of such an e r r o r r e l a t i v e to the graph s c a l e . 

pH Range 1 0 . 5 - 1 1 

Buf fe r s i n t h i s pH range were p repa red by the use of K^CO^ s o l u ­

t i o n s . Concave c u r v a t u r e ( d e c e l e r a t i o n ) was observed wi th the runs which 

used ca rbona te a s b u f f e r s . The da t a fo r t he se runs a r e g i v e n i n Table 7 . 

The r a t e i s i n c r e a s i n g a s the pH i n c r e a s e s and becomes too f a s t to 
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measure with convenience at about pH 1 1 . These runs are included in Fig­

ure 3 , the plot of log(k-k ) vs• pH. 

For those runs which could be resolved into two components, the 

rates of disappearance of the intermediate could not be treated in a man­

ner completely analogous to that of Figure 3 , since there was no evidence 

for a pH independent path. In this case k is plotted vs. pH (Figure 4). 

Note that the k in Figure 4 is the k of the intermediate. For the more 

easily resolved runs a 1 0 per cent error is a reasonable estimate of the 

uncertainty. An uncertainty of this amount is indicated for some of the 

runs in order that one may see the magnitude of such an error. 

Table 7 . pH Range 1 0 c 5 - 1 1 . The Carbonate Buffers. 

t l / 2 sbci6- t-^y^ Intermediate 
Run pH (min.) (min.) Container 

93 1 0 . 5 5 6 5 0 silica cell 
2 8 140 volumetric flask 

6 none paraffin-silica cell 
8 5 1 0 . 7 0 1 3 7 7 silica cell 

2 9 1 7 0 volumetric flask 
90 1 0 . 9 0 2 . 6 1 9 silica cell 

3 . 0 1 8 volumetric flask 
6 . 2 5 none paraffin-silica cell 

s 
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CHAPTER IV 

CONCLUSIONS 

The h y d r o l y s i s of the SbCl^ ion a p p a r e n t l y occur s by a t l e a s t two 

mechanisms i n the pH r e g i o n s t u d i e d . One of t h e s e i s independent of pH 

and i s the dominant one i n pH 2-8 s o l u t i o n s . At pH above 9 t h e r e i s a p ­

p a r e n t l y a hydrox ide c a t a l y z e d pa th which i s the predominant r e a c t i o n . 

F i g u r e 3 i s a p l o t of l o g ( k - k c ) v s . pH, k and k c be ing the r a t e 

c o n s t a n t f o r the combined mechanisms and the pH independent mechanism, 

r e s p e c t i v e l y . The g r e a t s c a t t e r of the da t a p o i n t s r e f l e c t s the " c e l l 

e f f e c t " mentioned e a r l i e r . L ines of s lope 1 and s l o p e 2 have been drawn 

on the f i g u r e . I t i s obvious t h a t the l i n e wi th s lope 1 not o n l y f i t s 

t he da t a b e t t e r , but has most of the s c a t t e r above the l i n e i n d i c a t i n g 

the p r e s e n c e of c a t a l y s i s . This l i n e corresponds to the e q u a t i o n 

l o g ( k - k ) = l o g ( 9 -3 x 1 0 ~ l 3 ) I- pH 

Taking t h i s l i n e to be r e p r e s e n t a t i v e of the base c a t a l y z e d path 

f o r the r e a c t i o n , the b e s t q u a n t i t a t i v e r a t e law fo r the r e s u l t s I s 

Rate = (k + kgtOH - ] ) [ S b C l 6 ~ ] , 

where k = 1 .63 x 10 ; min. and k 0 = 93 min . M""1", a t 25°C. c 2 

In s o l u t i o n s c o n t a i n i n g h y d r o c h l o r i c a c i d and l i t h i u m c h l o r i d e , 

Neumann and Ramette ( l ) observed a r a t e law of the form 

Rate = (k„ + k , [ H + ] ) [SbCl " ] . 
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The constant k^ is a measure of the acid independent portion of the rate. 

They obtained values of 5.3 x 10~ 3 min. - 1 in 9 M Cl~, and 3.9 x 10~ 3 min." 1 

in 6 M CI . These values are consistent with the value of 1.63 x 10 

min. 1 obtained for k in the 0.1 M acetate buffers» 
c 

In each reaction at pH ^ 9 there appears to be an intermediate that 

has an absorption maximum near that of SbCl^ . The best support for the 

presence of an intermediate is the fact that the plots of log(A - A j vs. 

time could be resolved, and that some of the curves were concave. Catal­

ysis by a product would give only convex curvature. 

Figure U> the plot of log k vs. pH for the proposed intermediate, 

suggests that for a given buffer solution the rate is pH dependent. De­

spite the scatter of the data, there is sufficient difference between the 

ammonium and carbonate buffers to indicate there is some dependence upon 

the kind of buffer used. There are two possible interpretations to ac­

count for the differences: (l) there is one intermediate that reacts dif­

ferently in the two buffers, or (2) there are two different Intermediates. 

Although no convincing evidence can be presented about the identity of 

the intermediate or intermediates, some arguments can be made about pos­

sible structures. 

In the acid solutions the results obtained are consistent with a 

step-wise hydrolysis of SbCl^ to Sb(OH)^ with only the first step being 

measurable. 

SbCl 6" k y SbCl 50H)~ f a S t y SbCl^(0K) 2" f a S t ^ 

SbCl 3(0H) 3~ f a s t ^ SbCLJOHir f a s t
 > SbC;l(0Kh~ f a s t ^ 

Sb(OH)/" 
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The i n t e r m e d i a t e t h a t appea r s i n the b a s i c s o l u t i o n s cannot be any of the 

i ons above , a s t h e r e i s no r eason to expec t base to prolong t h e i r l i f e ­

t i m e s . 

S ince a l l of the i ons above, w i th the e x c e p t i o n of SbCl^ , a r e 

p o t e n t i a l l y a c i d i c , s p e c i e s such a s SbCl^O , SbCl^(0H)0 , SbCl^OH^O , 

e t c . , a r e p robab ly p r e s e n t . However, each of t h e s e would r e a c t more r a ­

p i d l y than the cor responding con juga te a c i d . Hence, i t i s u n l i k e l y t h a t 

t he l o n g - l i v e d i n t e r m e d i a t e s a r e of t h i s form. 

I f the i n d i v i d u a l s t e p s proceed by an SN-1 mechanism, and the e v i ­

dence i n a c i d s o l u t i o n s u g g e s t s t h i s ( 3 ) , f i v e - c o o r d i n a t e i n t e r m e d i a t e s , 

such a s SbCl^, SbCl.O , e t c . , a r e p r e s e n t . Although t h e s e would be e x -
o 4 

p e c t e d to be s h o r t - l i v e d , some one of them might be s t a b i l i z e d f o r r easons 

unknown. Such a s i n g l e i n t e r m e d i a t e would r e a c t d i f f e r e n t l y i n the am­

monium and carbona te b u f f e r s . 

A more l i k e l y p o s s i b i l i t y i s t h a t the f i v e - c o o r d i n a t e i n t e r m e d i a t e 

i s s h o r t - l i v e d , and t h a t i t forms the observed i n t e r m e d i a t e s by i t s r e a c ­

t i o n w i t h the medium. Formation of the observed I n t e r m e d i a t e would be a 

s imple a c i d - b a s e r e a c t i o n i n the Lewis s e n s e . Hence, i n the carbonate 

b u f f e r s the i n t e r m e d i a t e mi ght be SbCl 5(C0 3) or S b O C l J C C ^ ) " . Such 

s p e c i e s a r e v e r y r e a s o n a b l e . The a b i l i t y of SbGl^ to form adduc t s w i th 

oxygen c o n t a i n i n g mo lecu l e s i s v e r i f i e d by a v a r i e t y of examples ( 9 ) « 

The a d d u c t s most c l o s e l y r e sembl ing the p o s t u l a t e d i n t e r m e d i a t e s a r e 

those w i t h d ime thy l ca rbona te and d i e t h y l carbonate ( l O ) . 

Although i n p r i n c i p l e the same argument can be a p p l i e d to the am­

monium b u f f e r s , i . e«, s u g g e s t i n g SbCl^NH,.) or SbOCl, ( M q ) a s the i n t e r -

m e d i a t e , t h e r e i s l e s s suppor t ing e v i d e n c e . Although t h e r e a r e many 
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examples of Sb-0 bonds i n SbCl^ a d d u c t s , t h e r e a r e few examples w i t h Sb-N 

bonds . Subs t ances of formulas SbCl -3NH0, SbCl -4-NH,., and SbCl °6NHQ have 
5 y 5 r 5 3 

been recorded i n the l i t e r a t u r e ( l l , 1 2 ) , but the work was done i n the 

y e a r s 1830-1861 and has not been r e p e a t e d s i n c e t hen . The compounds 

S b C l ^ - C ^ N and 2SbCl 5 ^ C ^ N , r epo r t ed In 1931 ( 1 3 ) , a r e the on ly known 

a d d u c t s c o n t a i n i n g Sb-N bonds . 

R e c o g n i t i o n t h a t s p e c i f i c e f f e c t s occur i n the ca rbona te b u f f e r s 

l e a d s to the c o n c l u s i o n t h a t i n f u t u r e exper iments w i t h b a s i c s o l u t i o n s 

c a r e must be e x e r c i s e d to exc lude or c o n t r o l the carbonate Ion . Some of 

the e r r a t i c b e h a v i o r w i t h the b o r a t e b u f f e r s may have been due to v a r y i n g 

and unknown amounts of c a r b o n a t e . 

In an a t t empt to l e a r n more about t h i s i n t e r m e d i a t e , a s t ream of 

d ry a i r was pa s sed over l i q u i d SbCl^ and then bubbled through v a r i o u s buf­

f e r s . The spectrum of such a s o l u t i o n u s u a l l y showed an a b s o r p t i o n peak 

a t e i t h e r 2700 A or 2900 A. The m a t e r i a l c a u s i n g the peak a t 2700 A I s 

assumed to be SbCl^ . The m a t e r i a l c a u s i n g the peak a t 2900 A was formed 

o n l y i n b a s i c b u f f e r s and d i s a p p e a r e d immed ia t e ly i f the s o l u t i o n was 

a c i d i f i e d . This b e h a v i o r i s c o n s i s t e n t w i th the non-appearance of the 

I n t e r m e d i a t e i n the k i n e t i c runs i n a c i d b u f f e r s . S i n c e most of the runs 

t h a t were n o n - l i n e a r were the ones w i t h a h i g h e r Sb(v) c o n c e n t r a t i o n , the 

c u r v a t u r e was found i n l i n e s composed c h i e f l y of r e a d i n g s t aken a t 3000 A. 

Thus an i n t e r m e d i a t e w i t h an a b s o r p t i o n maximum a t 2900 A could b e , fo r 

p r a c t i c a l purposes , hidden behind the huge SbCl^ peak and s t i l l have 

a p p r e c i a b l e a b s o r p t i o n a t 3000 A. 

The end product of the h y d r o l y s i s , except i n s t rong a c i d , i s a p ­

p a r e n t l y Sb(0H)^ . This I s demonstra ted by the a n a l y s e s of the s o l i d which 
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p r e c i p i t a t e d from a pH 4 s o l u t i o n buf fe red w i t h a c e t a t e and the s o l i d from 

a pH 9 s o l u t i o n buf fe red w i t h carbonate which e s t a b l i s h e d the s o l i d a s 

N a S b ( 0 H ) 6 ' l / 2 H 2 0 i n both c a s e s (Table l ) . Condensation of the S b ( 0 H ) ' 6 ~ i n 

t h e a c i d r e g i o n i s c o n c e n t r a t i o n dependent . However, a t t he low Sb(V) 

c o n c e n t r a t i o n s used i n t h e s e e x p e r i m e n t s , on ly the monomeric s p e c i e s i s 

p r e s e n t (4)• 

In r e t r o s p e c t , the p r e c i p i t a t i o n of N a S b (0H)£ i s not s u r p r i s i n g 

once i t i s r e c o g n i z e d t h a t Sb(OH)^ i s the end product of the h y d r o l y s i s . 

The s o l u b i l i t y of N a S b ( 0 H ) 6 i s 0 . 0 0 1 2 moles per l i t e r of w a t e r ( 1 4 ) , i n ­

d i c a t i n g a s o l u b i l i t y product cons t an t of 1 . 4 * 1 0 ^ . Thus, i n the b u f f e r 

s o l u t i o n s c o n t a i n i n g 0 . 1 M sodium a c e t a t e , p r e c i p i t a t i o n of N a S b (0H)£ 

should be the rmodynamica l ly p o s s i b l e whenever h y d r o l y s i s has produced 

SbCl^ to the e x t e n t of 1 0 M. S ince the i n i t i a l c o n c e n t r a t i o n of 

— —3 

SbCl^ was g e n e r a l l y about 1 0 M, format ion of s o l i d NaSb(OH)^ i s p o s ­

s i b l e a f t e r one pe r cent of the SbCl^ has completed h y d r o l y s i s to 

S b ( 0 H ) ^ . Viewed i n t h i s way, the s u r p r i s i n g f e a t u r e i s t h a t s o l i d c r y s ­

t a l s were not observed more f r e q u e n t l y . In c o n t r a s t . KSb(OH)^ has a s o l u ­

b i l i t y of 0 . 1 1 moles pe r l i t e r ( . I 4 ) and so one would expec t no p r e c i p i t a ­

t i o n of KSb(OH)^ a t t he c o n c e n t r a t i o n s s t u d i e d . The improved b e h a v i o r 

when po tas s ium s a l t s were used suppor t s the f e e l i n g t h a t the p resence of 

s m a l l c r y s t a l s of N a S b ( 0H )£ i n the runs bu f fe red wi th sodium s a l t s was 

r e a l and should be a v o i d e d . 

The r e a c t i o n i s o b v i o u s l y s e n s i t i v e to the s u r f a c e s i n con t ac t w i th 

the r e a c t i o n medium. Whether t h i s e f f e c t i s dependent on the amount of 

s u r f a c e a v a i l a b l e or the t ype of s u r f a c e i s not c l e a r l y e s t a b l i s h e d . The 

s u r f a c e s e n s i t i v i t y of the r e a c t i o n can a l s o be connected w i t h the g e n e r a l 
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l a c k of r e p r o d u c i b l e da t a i n the runs wi th sodium s a l t s used a s b u f f e r s . 

Obvious ly , i f c r y s t a l s of NaSb(OH)^ e x i s t e d i n the s o l u t i o n , the type and 

amount of s u r f a c e would change marked ly . 

I t would be of some i n t e r e s t to s tudy f u r t h e r the r e a c t i o n and 

a t t empt to c h a r a c t e r i z e the proposed i n t e r m e d i a t e . In connect ion w i th 

t h i s , one could s t u d y the s p e c i e s t h a t r e s u l t when the SbCl^ vapors a r e 

bubbled i n t o the v a r i o u s b u f f e r s . An e f f o r t to reproduce s e l e c t e d runs 

w i t h f r e s h l y p repa red s tock s o l u t i o n s of SbCl^ would be I n t e r e s t i n g a s 

Sb(V) s o l u t i o n s a r e known to show a g i n g e f f e c t s i n lower c o n c e n t r a t i o n s 

of h y d r o c h l o r i c a c i d * 
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