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SUMMAEY

The purpose of this investigation was to study the hydrolysis of
the SbCl6_ ion and to learn the effect of acid and base concentration
on the rate of this reaction. Because the reaction had been thorough-
1y 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 2-12.

A steck sclution of SbCl, in concentrated HCl was injected into

5
various buffer media and the absorption due to SbGl6_ 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)é— ion in both the acid and basic pH's used in this study.

The plots of log abscrption 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 SbCl6— hy -
drolysis, and the cther to the decay of scme intermediate or product
characteristic of the basic tuffer system. The rate of the hydrclysis
of Sb016- is almost constant from pH 2 to pH 6. It 1s 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 NHACI—NHAOH buffered

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



CHAPTER I
TITRODUCTION

One of the areas of interest and importance in contemporary inor-
ganic chemistry is the study of substitution reacticns 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 SbCl6 ion,

The hydrolysis of Sb016— to SbCL,.0H has been studied by Neumann

5
and Ramette (1) in HC1 concentrations from 1 to 9 M. They determined rates
under conditions where the reaction was pseude first-order: i. £., the
rate = kh-[SbCl6_]. The reaction was accelerated by the presence of hy-
drogen ions. The rate constant kh was (3.9 + 0.8[H+])‘lo_3 min._l in & M
C1-. At a total chloride concentration of 9 M, k, was (5.3 + 1-6[H+])'1O_3
min.‘l. They alsc observed that Sb(III) acceleruiad ihe reaction and that
SbCl3 was apparently the active species.

Bonner and Goishi (2) reported a thorough study in hydrochloric
acid of the kinetics of electron exchange between Sb(ILI) and Sb(V) species
and of the hydrolysis of SbCl6_. Their data on the hydrolysis was obtained
from both spectrophctometric mezsurements and from the exchange reaction
studies. These resuits are in very good agreement with those of Neumann
and Ramette.

Mazeiks (3) attempted to study the hydrolysis !+ higher pH ranges.

Certain difficuliiss in the work and irregularitisz In the resulis made



it desirable to study further the pH 2-12 region in order tc imprcve or
explain his experimental data.

All previocus work indicated that the final product in acidic chlc-
ride sclutions is an eguilibrium mixture of ions of the type Sb(OH}XCIy_.
There was no evidence as tc what the final product is in basic solution,
although Sb(OH)é- might be expected. The behavior of antimony(V) in
chloride—-free sclution will be discussed briefly because of its pertinence.

Jander and Ostmann (4} report that at pH greater than 12 a reversi-
ble equilibrium exists between two monomeric species, probably Sb(OH)6_
and SbO(OH)5:. Although they de neot use their data to calculate Ka for
Sb(OH)6_, it is possible tc estimate the value from data in Figure 2 of
their article. The ultra-violet spectrum of KSb(OH), at pH 12 is identi-
cal to that at pH 6.8, indicating that Sb(OH)6_ is the only species pres-
ent. The spectra are different at pH's 13 and 14. From the spectra, and
assuming that at pH 14 the predominant species is SbO(OH)5:, it appears
that about 25 per cent of the antimony(V) is present as SbO(OH)S: at pH
13. This would correspond o an ionization constisa®, of 3‘-10_14 for
Sb(OH)éq- They report that condensation of Sb(OH)6“ in the acid region

3

is concentration dependent; in 10°° M sclutions cnly mcornomeric species

exist, but in 10_2 M solutions Sb(OH)6_ aggregated at pd 3.6-4.0 tc a spe-
cies with ionic weight of 960 (hexsantimonate) s

Souchay and Peschanski (5) report that the antimenate ion is Sb(OH)é—

at high pH, and HSb6017 at pH below 2.5 with no appreciable amounts of

other ionsg occurring above pd 0.9. According to Rices, D'Amore, and

Bellomo (6), the species present in weakly acid solulizas are Sb(OH)6— and

HSb206 along with HSbéO

17 They calculate the following equilibrium



constants from their data:

+ -
H.O + 2 Sb(OH)6 F  HSbO, 7 H2O

3
+ -
K - [8,0"][sb(oH) 7] | 5 5.q576
ﬁHszoé‘]
- = .
3 HSb,O, @ HSbOp, + HO

-3 -
LHSb,0, 17 = 5 500075,
[HSb,0, 7]
If' the hydrelysis of Sb016_ proceeds to the point where all chle-

rides are replaced, the [inal product would then be expected To be Sb{OH)é_

or its condensation products, depending on the solution conditions.



CHAPIER II
EXPERIMENTAL

The SbCl6_ ion exhibits a strong absorption peak at 2700 A (extinc-
tion coefficient = 7084“103)- If one assumes that norne of the hydrolysis

products show appreclable absorption in this region, the reaction
b0l + 8bC1,(OH)”

can be followed by spectrophotometric methods. Absorbance readings were
taken with a Beckmsn DU spectrophotometer at several wavelengths {(usually
3000, 2800, 2700, and 2600 A). The readings at 3000 A were taken in those
runs in which the initial SbCl6— concentration was too great to allcw use=
ful absorbance readings at the absorbance peak. Those readings at 2800 &
and 2600 A provided a check on the readings at the absorbance mpximum
(2700 A) and also some assurance that the reaction nroducts did ncot con-
tribute to the reccrded absorbance.

Fused eilica cells with a path length of I cm. were used in the
initial runs beth to contain the reaction and for the absorbance measure-
ments. Some of the later runs were contained in 250-ml. volumetric flasks
with aliquots removed for absorption measurements. The cells were main-
tained at a constant temperature (25.0 + 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 25.0 + 0.2° by a sepa-

rate water bath in which they were immersed. For readings from these



f'lasks, the cells were rinsed two or three times with the sclution, filled,
and placed in the thermostated DU spectrophotometer cell holder where the
readings were made. The time recorded was the time that the absorbance
measurement was actually made.

Two concentrations of Sb(V) stock sclution were used in the runs.
They were prepared by transferring Baker and Adamson Heagent Grade

SbCl, to a graduated test tube and diluting to 100 ml. with concentrated

5

HCl. Because the SbCl,. reacts with water vapor in the air, the volume of

5
SbCl5 could not be accurately messured. Spectrophotometric measurements
showed the concentrations to be 0.12 M and O.45 M. In each run about one
microliter of the SbCl5 solution was added for each ml., of buffer. This
gave an initial absorbance of about 0.9 at 2700 A when the 0.12 M SbCl5
stock solution was used and of abeout 0.9 at 3000 A when the 0.45 M stock
solution was used.

Buffer soluticns of NaCQHzozcl, K02H20201, NaG2H302, K62H302,
KHQPOA, K2HPOA, K3B03’ KQCDB’ and NHACl were used. In most runs the con-
centration of the positive ion (Na+, K+, NH4+) was maintained as close as
possible to 0.1 N. The pH was adjusted with the sppropriate aecid or base.

In general, the runs after number 15 used water which had been dis-
tilled from alkaline KMnO4 soluticn. This water was used for two reascns:
first, the results seemed to be somewhat better, and second, this water
was considered to be about as consistently pure as pessible.

Abscrbance readings were itaken at intervals dependent upon the
rate of the reaction. For the faster reactions, readings vwere taken as

often as every 1.5 minutes. However, if the reaction was going sleowly,

readings were not needed this frequently. Usually, five to ten readings



per half-time were satisfactory. The reaction was usually first-order

or pseudo first-order, as shown by the linearity of plots of 1og(A—%D)

vs. time, where 4 1s the absorbance or optical density at a time t. The
half-times of the reactions were determined from the slopes of these plots.
Some typical runs are shown in Figure 1.

In an attempt to study several runs simultaneously, 1t was decided
to perform the runs in velumetric flasks kept in a constant temperature
bath. At convenient intervals a spectrophctometer cell was filled with
the solution and absorbance readings made. In these runs, what was termed
the "ecell effect" was first observed. An example of this is run number
66. A plot of this run proceeded in a reasonably linear manner and with
a half-time of more than 200 minutes, based upon readings made on portions
freshly removed from the volumetric flask. The portion that was placed
in the silica cell for the reading began to hydrclyze in a normal manmer
but with a2 half-time of about 30 minutes. After the cell effect was cb=-
served, most of the runs were made in both the glass veolumetric flask and
in the silica cell. In general, the volumetric rlask produced a lcnger
half-time than the silica cell. The reason for this difference is not
clear. The most simple explanation is that it is jusc a surface effect;
the surface area of the silica cell was about 4.2 cm.2/m1. compared with
0.64 cm.2/ml. for the volumetric flask. The volumetric flasks were always
washed with concentrated HC1l before runs to he sure that no reaction prod-
ucts were on the surface before the run. On cccasions, the silica cells
were washed with concentrated HCl between readings of the portions from
the volumetric flasks without any decrease in the cell effect. Attempts

were made to "isolate the solution from the cell™ by the use of a thin



Absorbancy

| LEGEND:
QO No. 23 No. 62
ANo. 30 (A=2700 4)
O No. 50 (A=3000 E)

| | | 1 [
200 400 600 800 1000 1200
Minutes
Figure 1. Plots of Typical Runs.




covering of paraffin on the inside of the cells. This seemed to help
lessenr 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 SbGl6_
stock sclutiorn to an already used Na02H302 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. Iarger amounts of the stock Sb016- were added to the buf-
fer and a white crystalline precipitate formed. A similar treatment of a
Na2003 buffer also resulted in the formation of the white precipitate.
Various analyses indicate that the precipitate in both cases is
NaSb(OH),"1/2H,0 (Table 1). The method used for determination of enti-
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 erd product of the re-
action is the same in all buffer solutions, as well as characterizing
the end preduct of the hydrolysis.

Because some of the runs at high pH showed curvature and zn inter-
mediate product was suspscted to be responsible, several spectra were
made on a Cary 14 recording spectrophotometer of solutions prepared by
passing a stream of dry air over SbCl5 and bubbling this gas through
various buffer solutions. The resulting curves had a single absorption
maximum located either about 2700 A or 29CC A. The 2700 A maximum is

agssumed to be caused by SbCl6 . The solutions that produced the maximum



Table 1. Analyses of Antimonates Precipitated from Buffered
Soluticns.

Material % C % H % Sb
Unknown from NaCEH302 0.21 2..80 ———
Buffered Solution 0D.46 2.78 ——
Unknown from N32003 ——— —_— L7 .6
Buffered Solution —— —_— 47.5
NaSb(OH)6 0.0 245 L9 L
NaSb(OH)6-H20 0.0 3.05 45.9
NaSb(OH)6'1/2H20 0.0 2.76 47,5

at 2900 A were solutions of high pH. The material which produced the
peak at 2900 A was acid sensitive and disappeared immediately, if the

solution was acidified.
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CHAFTER IITI
RESULTS

The rate of hydrolysis was meazsured in solutions covering the pH
range 2-12. For clarity, the results will be presented in groups depend-
ing on the pH range and/or composition of the buffer medium.

In many of the runs with high pH, the plots of log{i - Aai) VS .
time were not linear. Sericus deviations from linearlty were first ob-
served in runs buffered with NHACl and K3B03° In these runs, the rate
accelerated as the reaction proceeded. Such an efféct can occur whenever
the product of the reaction is a catalyst for the reaction. However,
addition of enough KSb(OH)6 to saturate the solution was observed to have
no effect (run 81), indicating that some other effect was causing the de-
viations.

4 second possibility is that there is an irtermediate of measurable
life-time which has an appreciable absorbancy al the wavelength used.

If such is the case, the intermediate will probably be disappearing by &

first-order or pseudo first-crder reaction. Assuming the reaction fol-

lows the pattern of congecutive first-order reactions

: k,
¥ L3 ¥ =2 5 Z
the concentrations of X and Y are given by (8)

(x] = [x0] e™"
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and

k
[v] = ﬁ [x°] (e72% - K2

where LX| and [Y] are the concentrations of species X and Y at time t,
and [Xo] is the concentration of X at the start of the reaction.
The variation of absorbance with time for the case where X and

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

k1
= — 70
Ay eX[X]l A0, &7l

k I3

1 Y k.t k.t
A, =e l¥] 1 = —= 50 (™17 - & "2Y)
Y Y ky -k, &, TX
A:

A Ty

where AX and AY are the absorbances due to the species X and ¥, respec-
tively; ey and ey are the extinction coefficients of those species; and
1 is the path length of the seclution. AOX is the 3.,itial absorbance of

the solution due to species X and AOX = EX[XD] L« By rearrangements of

the above equations one can arrive at the following relationships.

€ k £ k
A= a0 o1t + A Ko, k—_lk et . L 8O ——=— _2k e Kot
X 2 1 X 27 "1
€ k £ k
= a0 (14 E—Y " _lk ) ekt - A% E—Y ” _lk e7K"
X 2 1 X 2 1

A system behaving in this way is best analyzed by plotting log(4 - Aaa)
ve. t. Such a curve sheould be capable of resolution into two straight

line ceomponents, one having a slope equal to —k1/2-303 and the other
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equal to —k2/2.303.

Because after a sufficiently long time the longest lived component
determines the slope of the curve, this resoluticn is easily made by
extension of the late straight line section of the plot to ty, subtrac-
tion of the observed curve from the extended line, and plotting the log
of the absolute value of the resulting numbers vs. time (Figure 2)., In
practice this resoclution works best when the difference in kl and k2 is
large. However, if the curves to be resolved are in reasonably good
order, one should be able to determine the half-lives cf the components
within 15 per cent.

It should be noted that the curve will be convex 1f k2 is great-
er than kl’ and cecncave if k2 is less than kl' Most of the K2003 and
NHAGl buffered runs gave curves that could be resolved into two more
or less straight line compounds. The curves in the K2CO3 buffers were
generally concave; those in the NHACl buffers were convex. A clear res-
clution was not possible in most of the K,BO, bufiered runs. An explana-

3773

tion of this is that the components have similar 'ail'-times.

pH Bange 2-6

Buffer sclutions in this pH range are generally made from a com-
bination of sodium acetate and acetic acld. The initial experiments were
performed in such a medium. These runs usually gave relatively straight
lines in the log(4 - Aa2 vs. time plots. Because of this good behavior
in each individual run, and because of the convenierce, use of this medi-
um was continued. The work of Mazeika (3) indicated that the half-time

observed depended on the source of the water used in the solutions.
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This point wag reinvestigated and the results are included in Table 2.
Distilled water usually gave half-times markedly shorter than did tap
water (Table 2y, Tuns 1 and 2). Deionized water gave values between that
of tap and distilled water (Table 2, run 4). The cause of this difference

was thought tc be the C1,, which is present in small amounts in the tap

2
water. Several runs were made where portions of a saturated G12 solution
were added to the water used. The 012 concentration in these runs was
abcut 100 times greater than the concentration in tap water. The addi-
tional 012 did not seem to make much difference in the rate. BEecause

it did nol seem really proper to be adding 012 to a solution just be-
cause it gave a longer half-time, it was decided to attempt to improve
the quality of the water. It was found that water which had been redis-
tilled from alkaline permanganate solution gave a half-time very close

to that of tap water and in the same range as these runs that had ex-
cass 012 added. 1t was decided thatl water distilled from aikeline per-
manganate solution would be used for the remaining runs.

Since Sb(III) is known to catalyze the hydriiysis of 5b016' in
hydrochleoric acid solutions, it was thought “hat the scattering of the
results might arise from the presence of variable amounts of Sb(III)
formed by the action of reducing impurities. However, addition of an
aliquot of Sb(I1I) from a stock sclution in concentrated HCI to give an
Sb(III) concentration of 10_1‘L M did not produce a decrease in the hall-
time (Table 2, run 26). Apparently., the Sb(II11) does not catalyze the
hydrolysis in the pH ranges studied here.

In an experiment at pH 4 in which the Sb(V) concentration was

relatively large, small colorless crystals were formed on the walls of



Teble 2. pH Range 2-6 with Sodium Salts as Buffers.
Half-
1ime
Run pH (min.)
12 2.30 5400 distilled water + 612 sodium acetate
10.0 M acetic acid
13 2,95 310 KM’nO4 distilled water sodium monochleoroacetate
14 3.00 350 KMnO4 distilled water sodium monochloroacetate
16 3.30 413 KMnO, distilled water sodium meonochloroacetate
32 3.89 420 KMnO4 distilled water sodium acetate
Sb{I11)
31 3.90 290 KMnOA‘disiiliédeatgr gsodium acetate
10 4439 469 digtilled water + 012 sodium acetate
30 451 450 KMnO4 distilled water sodium acetate
29 4,53 505 KMnO4 distilled water sodium acetate
Sb{III)
33 4+55 330 KMnO4 distilled water sodium acetate
27 455 450 KMnO4 distilled water sodium acetate
Sb{IIT)
28 4 60 500 KMhO4 distilled water sodium acetate
Cl
2
33 AR A 290 distilled water gelium acetate
26 5.00 445 KMnO4 distilled water acdium acetate
Sb{TII)
23 5.20 490 KMnO4 distilled water sodium acetate
C12
21 5.28 495 KMnO4 distilled water sodium acetate
Cl
2
9 5.33 505 distilled water + 012 sodium acetate
24 5.40 440 KMnO4 distilled water sodium acetate
25 5042 L45 KMnOA distilled water sodium acetate
7 5.48 560 distilled water + 012 sodium acetate
treated stock =
SbCl6 +IG%2
6 5,48 315 distilled water + 612 sodiur acetate

treated stock
SbClé'
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5 5449 450 distilled water + Cl1 2 sodium acetate
4 5.62 330 deicnized water sodium acstate
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 well-known NaSb(OH)é'l/Z HBO
{Table 1). Becauss of the low solubility of this salt, micro-crystals
might form and affect the behavior of the reacting system. Since potas-
gium antimonate is much meore socluble than s-dium anbimonate, it was de-
cided to use potassium salts rather than sodium sglts for all buffer
sclutions.

The results in the pH renge 2-6 using potassium salts are shown
in Table 3. The improvement which had been hoped Vor in the consistency
o' the data was realizod and 18 apparent in Lhe Lauwated resulbs.

The only runz whlch appoar abrormal In brly el

are the two which
contaln 1.0 M acetic acid (Table 3, runs 11 a=t 4l). lue marked slowing
in rate is apparcntly due to ihe large percentage of anetlce zeid in the
solutions; in the other sclulions the anrid contenl wapn generally not mors
than 0.1 M. The same eltect s mor. obviouvs in o 17 M acellc scld run
which had a hall'=bime of 5400 minutes (Tuble 2y run 123,

LPone cxeluden Lhe rung with high aceble anid covlent, Lhs rate
i independent of the bull'er compootbion sl Lo o~ e o within ox-

perimental srrors The averagse valuc ol Lhe Pull-Lime Lo 425 wiovates in

Y0 T
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Table 3. pH Range 2-6 with Potassium Salts as Buffers
/2
Run  pH (min.) Comment Buffer
15 R.42 440 KMnOA distilled water +  potassium monochloroacetate
012
46 2.80 410 KMnC, distilled water potassium phosphate
57 3.15 460 KMnO, distilled water potassium phosphate
19 3.15 L4, KMnO4 distilled water potagsium acetate
012
20 3.28 450 KMnO4 distilled water potassium acetate
11 3.45 660 distilled water + C1 potassium acetate
. . 2
1.0 M acetic acid
41 3.64 640 KMnO, distilled water potassium acetate
1.0 AM acetic acid
43 3.89 435 KMnO4 distilled water potassium phosphate
40 4.53 440 KMnO4 distilled water potassium acetate
39 4.55 410 KMhOA distilled water potassium acetate
52 5.30 390 distilled water potassium phosphate
36 5.30 400 KMnOA distilled water potassium acetate
63 5.50 415 KMnO, distilled water poitassium acetate
in a"volumetric flask
38 5.55 415 KMnO4 distilled water potasgium acetate
37 5.55 425 KMnO4 distilled water potassium acetate
632 5.55 420 KMnO4 distilled water rotassium acetate
in a"polyethylene
hottle
60 5.63 365 KMnO, distilled water potassium acetate

4
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this buffer range-

pH Range 6-8
Buffer solutions in this pH range were made by use of 0.05 F

K2HPOA, Q.1 F KH2P04, or mixtures of these solutions. The general quality
of these runs was not as good as those in the pH 2-6 range. The plots
showed some curvature but not enough to allow a resolution of the curve.
The results are presented in Table 4. The phosphate buffers from the pH
range 2-6 are included in this table. The rate in this pH region appears
to change very little with pH, showing cnly a slight increase in rate as

one approaches pH 8.

Teble 4. pH Range 6-8. The Phosphate Buffers.

tl/2 SbCl6 tl/2 Intermediate
Run pH (min.) (min.) Container
L6 2.80 £10 —_— £ilica cell
57 3.15 L6C —_—— gilica cell
43 3.89 L35 —_— gilica cell
52 5.32 390 - gsilica cell
47 630 380 —_— ailica cell
L5 720 387 _— gilica cell
388 —_—
49 7.51 415 - gilica cell
410 —
53 7.80 260 —_— gilica cell
350
50 8.05 354, -— silica cell

37L -
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pH Range 8-9.3

The buffers in this pH range were prepared by addition of KCH to
H3B03 solutions. Plols of log(A - AbJ vs. time showed an acceleration zs
time increased in each of the runs. Some of the convex curves could be
resolved into two straight line components. The results obtained from
the borate buffered runs are presented in Table 5. While the values of
the half-times are highly irregular, one can see a trend toward a faster

rate as the pH increases.

Table 5. pH Range 8-9.3 . The Borate Buffers.

t‘

| 1/2: SbCl6 tl/2 Intermediate
Run pH {min.) (min.) Container
70 8.90 332 —_— volumetric flask
67 9.18 100 34 silica cell
370 - volumetrie flask
62 9.25 54 347 volumetric flask
32 302 polyethylene
61 9,25 53 290 velumetric flask
66 9.30 227 —_— volumetric flask

pH Range 9.3-10.5

NHAOH - NHACl buffers were used to attain this pH range. In each
run curvature was cbserved, and resolution was possitle in most cases.
The data for these runs are presented in Table 6. Thsre is in general
a more rapid acceleration in the hydrolysis rate with pH than in the more

acidic ranges. It is reasonable to assume that tie r.action in this pH

range is proceeding by two paths; one a pH indapend=ni mechanism, and the
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Table 6. pH Range 9.3-10.5. The Ammonium Buffers.

tl/? SbCl6 tl/2 Intermediate

Run pH (min,) {min.) Container

78 ¢.30 185 53 silica cell
185 80 volumetric flask

77 3.60 83 43 silica cell
90 47 volumetric flask

82 9.97 52 17 silica cell
55 22 volumetric flask

&0 10.00 62 33 silica cell
68 34 volumetric flask

79 10.0C0 40 18 silica cell
41 22 volumetric flacgk

74 10.01 13 ) silica cell
16.2 9 volumetric flask

81 10.01 46 17 silica cell

92 10.07 32.5 14.5 gilica cell
40 _— volumetric flask

37.5 i6 paraffin-silica cell

91 10.20 21 G gilica cell

25 10.5 volumetric flask
20 6.5 paruffin-silica cell

75 10.49 20.2 9.8 silica cell
14.8 8.0 volumetric flask

83 10.68 12 4.8 gilica cell
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other a base-catalyzed mechanism. If this assumption is ccrrect, the

-

rate would most probably be given by an expression of the form
- -n -
Rate = (k_ + k, [0H7]") [spC1,”]

where the expression in parenthesis is equal to the pseudo first-order
constant, k, observed in a given experiment. 7The constants, k and kc,

are related to the half-times in the following way:

20.693/ 7_0.693/

k and kc - %

t c

1/2 1/2

The quantity t, ,,¢ is the average value for the half-time of the runs in

1/2
the pH range whers the rate was independent of pH. Since tl/gc = 425 min-
utes, kc = 1.63 x 10_3 min.—l.

The relation
_ —-1n
k =k, + ok, [oH™]

can be tested by plotting log(k—kc) vs. pH: BSuch a4 plot is shown in Figure
3+ For rescluticns of this type an error of 1G-15 per cent in k is not
unreasonable. The uncertainty in (k—kc) cerrespondirg to a 10 per cent
error in k is indicated on certain of the runs in Figure 3 in order that

che can see the size of such an error relative tc the graph scale.

pH Range 10.5-11

Buffers in this pH range were prepared by the use of K2CO3 solu=-
tions. Concave curvature {(deceleration) was observed vith the runs which
used carbonate as bufiers. The data for these runs are given in Table 7.

The rate is increasing as the pH increases and beccmes too fast to
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measure with convenilence at aboul pH 11. These runs are included in Fig-
ure 3, the plot of log(k—kc) 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 Tigure 3, since there was no evidence
for a pH independent path. 1In this case k is plotted vs. pH (Figure 4).
Note that the k in Figure 4 is the k of the intermediate. For the mors
easily resolved runs a 10 per cent error is a reasonable estimate cf the
uncertainty. An uncertainty of this amount is indicated for scme of the

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

Table 7. pH Range 10.5-11. The Carbonate Bufters.

_ L )
tl/? Sb016 t1/2 Intermediate
Run pH (min.) (min.) Container
93 10.55 6 50 gilica cell
28 140 volumetric flask
6 none prraffin-silica cell
85 10.70 13 7' silica cell
29 170 volumetric flask
90 10.90 2.6 19 gilica cell
3.0 18 volumetric flask
6.25 none paraffin-silica cell
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CHAPTER IV
CONCLUSIONS

The hydrolysis cof the SbCl6_ ion apparently cccurs by at least twc
mechanisms in the pld region studied. One of these is independent of pH
and is the dominant one in pH 2-8 solutions. At pH sbove 9 there is ap-
parently a hydroxide catalyzed path which is the predominant reaction.

Figure 3 is a plot of log(k—kc) vs. pH, k and k_ being the rate
constant for the combined mechanisms and the pH independent mechanism,
respectively. The great scatter of the data points reflects the "eell
effect” mentioned earlier. Lines of slope 1 and slope 2 have been drawn
on the figure. It is obvious that the line with slope 1 not cnly fits
the data better, but has most of the scatter above the line indicating

the presence of catalysis. This line corresponds to the equation

=7
log(k-k_ ) = 10g(9.3 x 10 Y1 pH

Taking this 1line to be representative of the base catalyzad path

for the reaction, the best quantitative rate law for the results is

Rate = (k_ + k,l0H7]) [sb01, 7T,

-

where k= 1.63 x ZLO_3 min. > and k, =93 min. ™t M, at 259.
In solutions containing hydrochloric acid arnd lithium chloride,

Neumann and Ramette (1) observed a rate law of the torm

Rate = (k3 + kA[H+]) [Sb816_]-
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The cconstant k. is a measure of the acid independent portion of the rate.

3
. -3 3 . =1
They cbtained values of 5.3 x 10 min.

3

min.”t in 9 M €17, and 3.9 x 107
in 6 M C1 . These values are consistent with the value of 1.63 x 10~
min._l obtained for kC in the 0.1 M acetate buffers.

In each reaction at Iﬂi”,Q there appears to be an intermediate that
has an absorption maximum near that of SbCléu. The best support for the
presence of an intermediate is the fact that the plots of log(A - Aog VS
time could be resolved, and that some of the curves were concave. Gatal-
ysis by a product would give only convex curvature.

Figure 4, the plot of log k vs. pH for the proposed intermediate,
suggests that for a given buffer soluticn the rate is pH dependent. De-
spite the scatter of the data, there is sufficient difference betwsen the
ammonium and carbonate buffers to indicate there 1s some dependence upon
the kind of buffer used. There are two possible interpretations to ac-
count for the differences: (1) there is one intermediate that reacts dif-
ferently in the two buffers, or (2) there are twe different intermediates.
Although no convinecing evidence can be presented abcut the identity of
the intermediate or intermediates, some argumsuts can be made about pos-
gible structures.

In the acid sclutions the results obtained are consistent with a
step-wise hydrolysis of SbC16_ to Sb(OH)é- with only the first step being

measurable.

- ' - fast vy = fagt
SbCl, 3 SbClSOH) s  SbCl A(OW 5 >

- fast - fast e Py = tast
SbC1, (OH)3 y SbCL,(0H), > Sbu1{0n) 3

Sb(OH)6
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The intermediate that appears in the basic solutions canﬁot be any of the
ions above, as there is no reason to expect base to prolong their life-
times.

Since all of the ions above, with the exception of SbClé_, are
potentially acidic, species such as SbClﬁoz, SbClA(OH)OZ, SbClB(OH}ZO:,
etc., are probably present. However, each of these would react more ra-
pidiy than the corresponding conjugate acid. Hence, it is unlikely that
the long-lived intermediates are of this form.

If the individual steps proceed by an SN-1 mechanism, and the evi-
dence in acid sclution suggests this (3}, five-cocrdinate intermediates,

such as SbCl,., SbCl,0 , etc., are present. Although these would be ex-

5? 4
pected tc be short-lived, some one of them might be stabilized for reasons
unknown. Such a single intermediate would react differently in the am-
monium and carbenate buffers.

A more 1likely possibility is that the five-coordinate intermediate
is short-lived, and that it forms the observed Intermediates by its reac-

tion with the medium. Formation of the observed intermediate would be a

simple acid-base reaction in the Lewis sense. Heace, in the carbonate

buffers the intermediate might be Sb015(003}: or Sb0014(003) . Such
specles are very reasonable. The abllity of SbCl5 to form adducts with
oxygen containing molecules is verified by a variety of examples (9).
The adduéts most closely resembling the postulated intermediates are
those with dimethyl carbonate and diethyl carbonatse {10).

Although in principle the same argument can be anplied to the am-

/

£

monium buffers, i. e., suggesting SbCl5(NH3) or SbOGl,{NHB)“ as the inter-

mediate, there is less supporting evidence. Although *“here are many
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examples of Sb-0 bends in ShU1, adducts, there are few examplies with Sb-N

5
bonds. Substances of fermuiaz ShZl =3NH3, SbCl5'4NH3, anrd SbCl5°6NH3 have

5
been recorded in the literature (11, 12), but the work was done in the
years 1830-1861 ard has not been repeated since then. The ccmpounds
8bC1, CaH N and 28001, 3C.HN, reported ia 1931 (13). are the only known
adducts containing Sbh-N bonds.

Recognition thaet specific effects occur In the carbonate buffers
ileads to the conclusion that in future experiments with basic sgolutions
care must be exercised to exclude or contrel the carbonate ion. Some of
the erratic behavior with the borate huffers may have been due to varying
and unknown amounts of carbonate.

In an ettempt to learn more about this intermediate, a stream of
dry alr was passed over liquid SbCl5 and then bubbled through various buf-
fers. The spectrum of such a solution usually showed an absorption peak
at either 2700 A cr 2900 A. The material causing the peak at 2700 A is
assumed to be SbCl6_. The material causing the psnk at 2900 A was formed
only in basic buffers ard disappeared immediately LI tne scluticn was
acidified. This behavior is consistent with the nen-appearance of the
intermediate in the kinetic runs in acid buffers. Since most of the runs
that were non=linear were the ones with a higher Sh(V) concentration, the
curvature was found in lines compcsed chiefly of readings taken at 3000 A.
Thus an intermediate with an absorption maximum at 2900 A could be, for
practical purposes, hidden behind the huge SbCléu peak and still have
appreclable absorption at 3000 A.

The end product of the hydrolysis, except in stpisg acid, is ap-

parently Sb(OH)é“. This is demonstrated by the analyses of the solid which
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precipitated from a pH 4 solution buffered with acetate and the solid from
a pH 9 solution buffered with carbonate which established the solid as
NaSb(OH)6-1/2H20 in both cases (Table 1). GCondensation of the Sb(OH)é_ in
the acid region is concentration dependent. However, at the low Sb(V)
cencentrations used in these experiments, only the meonomeric species is
present (4).

In retrospect, the precipitation of NaSb(OH)6 1g not surprising
once it is reccgnized that Sb(OH)6— is the end product of the hydrclysis.
The solubility of NaSb(DH)6 is 0.0012 moles per liter of water (14), in-
dicating a solubility precduct constant of 1.4'10_6. Thus, in the buffer
golutions containing 0.1 M sodium acetate, precipitation of NaSb(OH)6
should be thermodynamically pecssible whenever hydrolysis has produced

5

SbClé_ to the extent of 10°° M. Since the initial concentration cof
SbCléq was generally about 10_3 M, fermation of solid NaSb(OH)6 is pos-
5ible after one per cent of the SbClé_ has conpleted hydrolysis lo
Sb(OH)6_. Viewed in this way, the surprising feature is that solid crys-
tals were not observed more freguently. In contraat, KSb(OH)6 has a solu-
bility of 0.11 mecles per liter (14) and so cre would expect no precipita-
tion of KSb(DH)6 at the concentrations studied. The improved behavior
when potassium salts were used supports the feeling that the presence of
small crystals cf NaSb(DH)6 in the runs buffered with sodium salts was
real and should te avoided.

The reaction is cbviocusly sensitive to the surfaces in contact with
the reacticn mediuwm. Whether this effect is dependernt on the amount of

surface available or the type of surface is not clearly astablished. The

surface sengitivity of the reacticon can alse he connected with the general
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lack of repreducible data in the runs with sodium salts used as buffers.
Obvicusly, if crystals of NaSb(OH)6 existed in the solution, the type and
amount of surface would change markedly.

It would be of some interest to study further the reaction and
attempt to characterize the proposed intermedizte. In connection with
this, one cculd study the species that result when the SbCl5 vapors are
bubbled into the varicus buffers. An effort tc reproduce selected runs
with freshly prepared stock solutions of SbClé_ would be interesting as
Sb(V) sclutions are known to show aging effects in lower concentrations

of hydrochloric acid.



31

78

BISLIOGRAPHY™
1. J. M. Newmann and R. W. Ramette, J. Am. Chem. Soc., 78, 1848 (1956).
2. N. A. Bormer and W. Goishi, J. Am. Chem. Soc., §3, 85 (1961).
3. W. A. Mageiks, M. S. Thesis, Georgia Institute of Technology,
Atlanta, 1961.
4o Go Jander and H. J. QOstmann, Z. anorg. allgem. Chem., 315, 241
(1962).
5. P. Scuchay and D. Peschanski, Bull. soc. chim. France, 15, 439
(1948). eof. C. A., 43, 1669i.
6. B. Ricca, G. D'Amore, and A. Bellomo, Ann. Chim. (Rome), 46, 491
(1956). cf. C. A., 51, 11904e.
7. H. H. Willard and H. Diehl, Advanced Quantitative Analysis, D. Van
Nostrand Co., Inc., Eighth Printine, Princetcn, N. J., 1960, p. 352.
8. 4. A. Frost and R. G. Pearson, Kinetics and Mechanism, John Wiley
and Sons, Inc., New York, 1961, p. 166.
9. I. Lindgvist, Inorganic Adduct Molecules of Oxo-Compounds, New York,
Academic Press, Inc., 1963.
10. T. Klages and E. Zange, Chem. Ber., 92, 1828 (1959).
11. Gmelin Handbuch der anorganischen Chemie, Swrst. 18, Antimon, Part
By, p. 449.
12. J. W. Mellor, A Comprehensive Treatige on Inorganic and Thecretical
Chemistry, Longman, Green, and Co-, London, 1929, Vecl. IX, p. 488.
13. J. C. Hutton and H. W. Webb, J. Chem. Soc., 1523, (1931).
14. A. F. Clifford, Inorganic Chemistry of Qualitative Analysis,
Prentice-Hall, Inc., Englewood Cliffs, N. J., 1961, p. 479
3

Abbreviations here follow the form in Chemical Abstrzcis, 55, 1 J
(1961).




