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partitioning of the products results, at least in part, from the 
observed phase separation as well as from the large difference 
in the condensation rates. On the other hand, it appears that 
when CH3PC12 undergoes condensation with CH,P(O>(O- 
CH3)2, mixed products are formed. However, these molecular 
structures do not seem to correspond to regular alternation,” 
since more of the CH,P(O)< than the CH3P< moiety is 
consistently incorporated into the products formed during 
condensation. 
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A convenient and economical preparation of ZnH, is reported. The reaction of KH with ZnC1, in 1:2, 1: 1, 2:1, and 3: 1 
molar ratios has been investigated. In these reactions zinc hydride and KC1 are initially formed; however, the KC1 reacts 
further with ZnC1, to form KZn,Cl, and K,ZnCl,. The reaction of NaH with ZnC1, in 1:l molar ratio forms only ZnH, 
and NaC1. Likewise, the reaction of LiH with ZnBr, and NaH with ZnI, in 2: l  molar ratio produced only ZnH, and the 
corresponding alkali metal halide. A more thermally stable form of ZnH,, which is also more reactive than that prepared 
by any of the known methods, is produced in these reactions. 
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Introduction 
We have been interested for some time in the preparation 

of complex metal hydrides where the central metal atom is 
other than boron or aluminum. Since NaBH, and LiAV14 
have become such important reagents in synthetic organic 
chemistry, it would seem important to evaluate complex 
metal hydrides of other main-group elements for their possi- 
ble stereoselective properties as reducing agents. In this con- 
nection we have reported the preparation of KMgH, ,l 
Li2ZnH4? LiCuH,? and other complex metal hydrides by 
the reaction of the corresponding “ate” complex with 
LiAlH, (e.g., eq 1 and 2)? This synthetic scheme has turn- 

2CH3Li + (CH,),Zn -+ Li,Zn(CH,), (1) 

E t , O  
Li,Zn(CH,), + 2LiAlH, --+ Li,ZnH,$ + 2LiAl(CH,),H, 

ed out to be quite good since the complex metal hydride is 
insoluble in ether and the lithium dimethyldihydridoalumi- 
nate is soluble. Thus, the separation of product from by- 
product is easy and the reaction proceeds in quantitative 
yield. 

for the preparation of these compounds would involve the 
reaction of an alkali metal hydride with the group I1 metal 
hydride (e.g., eq 3). This scheme is reasonable since both 

3NaH t ZnC1, --f NaZnH, + 2NaCl 

NaBH4 and LiAlH, can be prepared in this 

(2) 

It is clear that a more convenient and economical method 

(3) 

i.e 
(1) E. C. Ashby, R. Kovar, and R. Amott ,  J. Amer. Chem. SOC., 

9 2 . 2 1 8 2  (1970) .  
’ (2) E.’C. Ashby and J. J. Watkins, Inorg. Chem., 12, 2 4 9 3  (1973) .  

(3) E. C. Ashby, T. Korenowski, and R. Schwartz, J. Chem. SOC., 

(4) A. E. Finholt, A. C. Bond, and H. F. Schlesinger, J. Amer. 

(5)  H. F. Schlesinger, H. C. Brown, H. R. Hoekstra, and L. R. 

Chem. Commun., in press. 

Chem. SOC., 69,  1199 (1947) .  

Rapp, J. Amer. Chem. SOC., 7 5 ,  199 (1953) .  

4NaH + (CH,O),B --f NaBH, + 3NaOCH, (4 

4LiH t AlCi, -+ LiAlH, + 3LiCl (5) 

The purpose of this study, therefore, was to prepare com- 
plex metal hydrides of zinc (e.g., Ig2,nH3, #,ZnH,, K3ZnII,, 
etc.) by the reaction of an alkali metal hydride with zinc 
chloride, bromide, or iodide. The hope was that even if such 
complex metal hydrides could not be prepared by this method, 
it may be possible to prepare ZnH, and/or HZnX compounds 
and, in addition, elucidate the chemistry of reactions of 
alkali metal hydrides with zinc halides. 

Experimental Section 
Apparatus. Reactions were performed under nitrogen using 

Schlenk tube techniques.6 Filtrations and other manipulations were 
carried out in a glove box equipped with a recirculating system.’ 

X-Ray powder data were obtained on a Philips-Norelco X-ray unit 
using a 114.6-mm camera with nickel-filtered Cu K a  radiation. 
Samples were sealed in 0.5-mm capillaries and exposed to X-rays for 
6 hr. d spacings were read on a precalibrated scale equipped with 
viewing apparatus. Intensities were estimated visually. 

Analytical Work. Gas analyses were carried out by hydrolyzing 
samples with hydrochloric acid on a standard vacuum line equipped 
with a Toepler pump.6 Alkali metals were determined by flame 
photometry. Aluminum was determined by EDTA titration. Zinc 
in the presence of aluminum was determined by masking the aluminum 
with triethanolamine and titrating the zinc with EDTA. Zinc alone 
was determined by EDTA titration. Halide was determined by the 
Volhard procedure. 

Alfa Inorganics as a slurry in mineral oil. Lithium hydride was pre- 
pared by hydrogenolysis of tert-butyllithium at 4000 p i g  for 24 hr. 
A solution of lithium aluminum hydride (Ventron, Metal Hydride 
Division) was prepared in tetrahydrofuran in the usual mannex. 
Anhydrous zinc chloride, bromide, and iodide were obtained from 
Fisher Scientific. Tetrahydrofuran (Fisher Certified reagent grade) 

Materials. Potassium and sodium hydride were obtained from 

( 6 )  D. F. Shriver, “The Manipulation of Air-Sensitive Compounds,” 

(7 )  E. C. Ashby and R. D. Schwartz, J.  Chem. Educ., 51, 65 
McGraw-Hill, New York, N. Y., 1969.  

(1974) .  
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Table 11. X-Ray Powder Patterns of Solids from the Reaction of 
Alkali Metal Hydrides with ZnBr, and ZnI, 

ZnHZa from 
reacn of ZnH, from 

LiAlH, with reacn of 
ZnH, from 2: l  ZnH, from 2: l  (C,H,),Zn in LiAlH, with 
reacn of LiH reacn of NaH diethyl (CH,),Zn 
with ZnBr, with ZnI, ether in diethyl ether 

d, A I / Ioc d, A l / I n  d, A I / I ,  d, A I / In  

was distilled under nitrogen over NaAlH,. Alane was prepared by 
the reaction of 100% H,SO, with LiAlH, in THF. Li,SO, was re- 
moved by filtration and a lithium-free solution of AlH, in THF was 
obtained.’ 

Potassium, sodium, and lithium hydride were used as a slurry in 
THF. Each slurry was prepared by washing the respective hydride 
several times with generous portions of benzene and then several 
times with THF to remove soluble impurities. The resulting solid, 
while still under THF, was transferred to a round-bottom flask and 
more THF was added. 

drous prior to dissolving in THF. Zinc bromide and iodide were 
sublimed under vacuum prior to dissolving in THF. The final zinc 
halide solutions were prepared by stirring the dried zinc halide with 
THF overnight and filtering the next morning. The zinc iodide solu- 
tion was stored in the dark. 

Reaction of KH with ZnCl, in THF. (a) Reaction of KH with 
ZnC1, in 1:1 Molar Ratio. Potassium hydride slurry (5 mmol) in 
THF was added to 5 mmol of ZnC1, in THF. A solid remained 
during the entire reaction period. After 2 days of stirring the mix- 
ture was separated by filtration. The resulting white solid was dried 
under vacuum at room temperature. An analysis of the filtrate re- 
vealed that it contained K, Zn, C1, and H in molar ratios of 1.01: 
2.00:4.91:0.00. The filtrate contained 1.71 mmol of the starting 
zinc. An analysis of the solid revealed that it contained K, Zn, C1, 
and H in molar ratios of 1.28:1.00:1.71:1.51. The solid contained 
3.33 mmol of the starting zinc. The X-ray powder diffraction pattern 
of the solid is given in Table I. 

(b) Reaction of KH with ZnC1, in 1:2 Molar Ratio. Potassium 
hydride slurry (5 mmol) in THF was added to 10 mmol of ZnC1, in 
THF. A solid remained during the entire reaction period. After 24 
hr of stirring the mixture was separated by filtration. The resulting 
white solid was dried under vacuum at room temperature. Analysis 
of the filtrate revealed that it contained K,  Zn, C1, and H in molar 
ratios of 0.29:1.00:2.27:0.00. The filtrate contained 5.86 mmol of 
the starting zinc. Analysis of the solid revealed that it contained K, 
Zn, C1, and H in molar ratios of 0.82:1.00:1.62:1.19. The solid con- 
tained 4.20 mmol of the starting zinc. The X-ray powder diffraction 
pattern of the solid is given in Table I. 

(c) Reaction of KH with ZnCl, in 2:l Molar Ratio. Potassium 
hydride slurry (10 mmol) in THF was added to 5 mmol of ZnC1, in 
THF. A solid remained during the entire reaction period. After 2 
days of stirring the mixture was separated by filtration. The resulting 
white solid was dried under vacuum at room temperature. Analysis 
of the filtrate showed that it contained none of the starting zinc. 
Analysis of the solid showed that it contained K,  Zn, C1, and H in 
molar ratios of 3.08:1.00:1.94:2.97. The solid contained all the 
starting zinc. Its X-ray powder diffraction pattern is shown in 
Table I. 

Reaction of KC1 with ZnC1, in 1:l Molar Ratio in THF. A 
1.1250-g (15.09-mmol) amount of dry KC1 was placed in a 250-ml 
round-bottom flask and 80 ml of THF was added. ZnC1, (15.09 
mmol) in THF was then added. The mixture was stirred for 4 days, 
during which time a white solid was always present. The mixture 
was separated by filtration. The resulting white solid was dried 
under vacuum at room temperature. An analysis of the filtrate 
showed that it contained K, Zn, and C1 in molar ratios of 1.06:2.00: 
4.94. The filtrate contained 10.06 mmol of the starting zinc. 
Analysis of the solid showed that it contained K, Zn, and C1 in molar 
ratios of 1.96:1.00:3.94. The solid contained 5.05 mmol of the 
starting zinc. The X-ray powder pattern of the solid is shown in 
Table I. 

Reaction of AIH, with the Filtrate from the Reaction of KCl 
with ZnC1, in THF. Alane in THF (20 mmol) was added to the 
Filtrate from the reaction of KC1 with ZnC1, (analysis indicated 
KZn,CI,). A white precipitate appeared immediately. This slurry 
was stirred for 1 hr, and then the solid was separated by filtration. 
The solid was dried under vacuum at  room temperature. Analysis 
of the filtrate showed it to contain K, Zn, Al, C1, and H in molar 
ratios of 0.00:0.00:1.00: 1.08:2.07. The filtrate contained all of the 
aluminum. An analysis of the solid showed that it contained K, Zn, 
Cl, H, and A1 in molar ratios of 0.46:1.00:0.52:2.00:0.00. The 
solid contained all the potassium and zinc. The X-ray powder 
pattern o f t h e  solid is shown in Table I. 

Reaction of NaH with ZnCl, in 1: 1 Molar Ratio in THF. Sodium 
hydride slurry (10 mmol) in THF was added to 10 mmol of ZnC1, 
in THF. A solid remained during the entire reaction period. After 
1 day of stirring the mixture was separated by filtration. The solid 

Zinc chloride was fused under vacuum in order to make it anhy- 

(8) H. C. Brown and N. M. Yoon, J. Arne?. Ckern. SOC., 88,  
1464 (1966). 
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a See ref 5. See ref 8. Key: w, weak; m,  medium; s, strong; 
v, very; d ,  diffused. 

had turned black while being stirred overnight. The solid was dried 
under vacuum at room temperature. Analysis of the filtrate showed 
that it contained iia, Zn, C1, and H in molar ratios of 0.00: 1.00: 
1.96:O.OO. The filtrate contained 5.12 mmol of the starting zinc. 
Analysis of the solid showed that it contained Na, Zn, C1, and H in 
molar ratios of 1.94:1.00:1.97:1.27. The solid contained4.98 mmol 
of the starting zinc. The X-ray powder pattern of the solid is shown 
in Table I. 

Reaction of LiH with ZnBr, in 2: 1 Molar Ratio in THF. Lithium 
hydride slurry (5 mmol) in THF was added to  2.5 mmol of ZnBr, 
in THF. A solid remained during the entire reaction period. After 
2 days of stirring the mixture was separated by filtration. The re- 
sulting white solid was dried under vacuum at room temperature. 
Analysis of the filtrate showed it to contain Li, Zn, Br, and H in molar 
ratios of 1.00:0.02:0.98:0.00. The filtrate contained 0.20 mmol of 
the starting zinc. Analysis of the solid showed it to contain Li, Zn, 
Br, and H in molar ratios of 0.03:1.00:0.04:1.89. The solid con- 
tained 2.4 1 mmol of the starting zinc. An X-ray powder diffraction 
pattern of the’solid is shown in Table 11. 

Reaction of NaH with ZnI, in 2:l  Molar Ratio in THF. Sodium 
hydride slurry (20 mmol) in THF was added to 10 mmol of ZnI, in 
THF. A solid remained during the entire reaction period. After 2 
days of stirring the mixture was separated by filtration. The result- 
ing white solid was dried under vacuum at room temperature. An 
analysis of the filtrate showed it to contain Na, Zn, I, and H in molar 
ratios of 1.06:O.Ol: 1.OO:O.OO. The filtrate contained 0.21 mmol of 
the starting zinc. Analysis of the solid showed it to contain Na, Zn, 
I, and H in molar ratios of 0.06:1.00:0.05:1.97. The solid contained 
9.89 mmol of the starting zinc. The X-ray powder diffraction pattern . _  
of the solid is shown in fab le  11. 

Reaction of NaH with Znl, in 2: 1 Molar Ratio in THF in the 
Presence of (C,H,),Al. A slurry of sodium hydride (15.192 mmol, 
30.5 ml) in THF was added to 7.596 mmol(40 ml) of ZnI, in THF 
containing a few drops of (C,H,),Al. The mixture was stirred for a 
minute and then allowed to settle at room temperature. Analysis of 
a small portion (1.0 ml) of the clear liquid showed 1.932 mmol of the 
original zinc in solution. The mixture was stirred further and the 
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clear supernatent liquid was analyzed for zinc at  30 min, 1 hr, 2 hr, 
and 5 hr intervals. After 5 hr the analysis of clear liquid showed only 
0.94 mmol of the original zinc and i t  was noticed that the color of the 
reaction mixture gradually turned black. The reaction mixture was 
stirred for 20 hr and then filtered. Analysis of the filtrate showed it 
to  contain Na, Zn, I, and H in molar ratios of 1.02:0.02:1.00:0.00 
and the filtrate contained 0.30 mmol of the original zinc. Analysis of 
the black residue showed it to contain only zinc. 

Results and Discussion 

molar ratio in THF proceeds according to eq 6 and 7. In 

2LiH t ZnBr, + 2LiBr + ZnH, 

2NaH + ZnI, -+ 2NaI + ZnH, 

both cases the alkali metal halide remains in solution while 
the ZnH, precipitates. In both cases all of the alkali metal 
and halide are found in solution, while all of the zinc and 
active hydride precipitate from solution. The X-ray powder 
patterns of the ZnH, obtained from these two reactions are 
shown in Table 11. Also given in Table I1 are the X-ray 
powder patterns of ZnH, prepared by the reaction of LiAM4 
with (C2H5),Zn9 and (CH3),Zn.l0 The latter two patterns 
differ from one another, as well as from the pattern of ZnH, 
prepared in this study. However, the X-ray powder patterns 
of ZnH, prepared by the reaction of LiH with ZnBr, and 
NaH with ZnI, are identical. It has been our experience 
that ZnH, prepared by the reaction of LiA1H4 with a di- 
alkylzinc compound is usually amorphous, yielding an X- 
ray powder pattern with only two broad, diffuse lines, one at 
a d  spacing of about 4.0 and the other at 2.5. Indeed, two 
reports in the recent literatureg'" claim different X-ray 
powder patterns for ZnH, prepared by the latter method. 
In addition, ZnH, prepared by the Schlesinger method 
(LiA1H4 + R,Zn) turns black after a few days at room 
temperature and hydrolyzes slowly with water. The ZnH, 
prepared in the present study remains white for several weeks 
and hydrolyzes rapidly with water at room temperature, in 
addition to giving a distinct, reproducible powder pattern. 
However, it does decompose thermally at 90' to  produce 
zinc metal and hydrogen. 

The reactions of KH with ZnCl, in 1 :2 ,1:  1 , 2 :  1 ,  and 3: 1 
molar ratios proceed according to eq 8-1 1. In the reaction 

KII t 2ZnC1, -+ l/,KZn,C1, + l/,ZnC1, + I/,K,ZnCl,$ + 

The reaction of LiH with ZnBr, and NaH with ZnI, in 2: 1 

(6 1 

(7) 

l/,ZnH,C (8) 

1/2ZnHZ c (9) 

(10) 

(11) 

2KH + ZnC1, + l/,KZn,C1, + 1/6K2ZnC14J. + I/,KClI + 

2KH + ZnC1, -+ 2KClL + ZnH,C 

3KH + ZnC1, -+ KHJ. + 2KCQ + ZnH,1 

of KH with ZnCl, in a 1 :2 molar ratio, KZn,CIS remains in 
solution, while K,ZnCb and ZnH, precipitate from solu- 
tion. This statement is supported by the fact that the fil- 
trate from this reaction mixture contained K, Zn, C1, and H 
in molar ratios of 0.29:1.00:2.27:0.00 and 58.6% of the 
starting zinc. A mixture of 1/3KZn,C1, + '/2ZnC12 will have 
K, Zn, and C1 in molar ratios of 0.282:1.00:2.28 and will 
contain ((,/2 4- '/2)/2)100 + 58.5% of the starting zinc. The 
solid from the reaction mixture contained K, Zn, C1, and H 
in molar ratios of 0.82:1.00:1.62:1.19. A mixture of 
l/3K2ZnC1, + '/2ZnH2 will have K, Zn, C1, and H in molar 
ratios of 0.80: 1 .OO: 1.60: 1.21. The X-ray powder diffrac- 

(9) E. C. Ashby and R. G. Beach, Inovg. Chem., 10, 2486 

(10) D. J .  Shriver, G. J. Kubas, and J .  A. Marshall, J. Amer. 
(1971). 

Chem. Soc., 9 3 ,  5067 (1971). 
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tion pattern of the solid (shown in Table I) corresponds to a 
mixture of K,ZnC14 and ZnH,. The pattern for ZnH, in the 
mixture is the same as that for ZnH, produced by the reac- 
tions of LiH with ZnBr, and NaH with ZnI,. 

At this stage it might be interesting to consider the origin 
of the KZn2C15 found in the filtrate and the K2ZnC14 found 
in the precipitate. The reaction between KC1 and ZnC1, in 
a 1: l  molar ratio is shown in eq 12. The filtrate from this 

KC1 + ZnC1, + 1/,KZn2C1, + l/,K,ZnCI, 

reaction mixture contains K, Zn, and C1 in molar ratios of 
0.06:2.00:4.94 and two-thirds of the starting zinc. The 
solid contains K, Zn, and C1 in molar ratios of 1.96: 1.00:3.94 
and one-third of the starting zinc. The analytical data are 
consistent with the proposed reaction products. The solid 
product is not a physical mixture of KC1 and ZnC1, in 2: 1 
ratio since the X-ray powder diffraction pattern (shown in 
Table I) of the product contains no lines common to either 
KC1 or ZnC1,. Thus, the solid product is presumed to  be a 
true coordination compound (K,ZnCl4). The compound in 
the filtrate is represented as KZn2C15 for two reasons. First, 
KC1 is not soluble in THF; therefore if it is in solution, it 
should be present as a complex. Second, if the remaining 
KCl is not complexed to ZnC1, as KZn2C15, one would expect 
to see all of the KCl react with half of the ZnC1, to give l /2  

equiv of K,ZnCb, instead of l/3 equiv. In the latter case, 
one would expect to find half the starting zinc in the filtrate 
and half in the solid. This is not what is observed and 
therefore KZn,Cl, must be a true coordination complex." 

to form KZn2H5. The reaction of KZn,C15 with AlH, yield- 
ed a white solid containing K, Zn, C1, H in molar ratios of 
0.46:1.00:0.52:2.00. The X-ray powder pattern of the 
solid (shown in Table I) contains lines for KC1, and therefore 
it must be a mixture of KC1 and ZnH,. The ZnH, formed 
in this reaction did not show any distinct lines; therefore, it 
must be amorphous, as is the ZnH, that sometimes is pro- 
duced from the reaction of LiAlH4 with a dialkylzinc com- 
pound. The complex KZn2C15 evidently is not completely 
reduced to KZn2H5, but instead KC1 and ZnH, are formed. 

(eq 13 and 14) for the reaction of KH with ZnC1, in 1 :2 

KH + 2ZnC1, + KC1 + '/,ZnH, t '/,ZnCl, (1 3) 

KCl + ZnC1, + 1/3KZn,C1, t 1/3K,ZnCl, (14) 

molar ratio. First, KH reacts with 2 equiv of ZnC1, to give 
1 equiv of KC1, l / 2  equiv of ZnH, , and ,/2 equiv of ZnC1,. 
After this, the KC1 reacts with 1 equiv of ZnC1, to give l /3  

equiv each of KZn2C15 and K2ZnC14. 

ratios are similar to the reaction just discussed. The first 
step is the maximum conversion of KH into KCl with the 
simultaneous formation of ZnH,. Then, if any ZnC1, re- 
mains, KCl reacts with it to give KZn,Cl, and K2ZnC14. 
The total reactions as written in eq 9-1 1 are supported by 
analytical and X-ray powder diffraction data (Table I). It 

(12) 

An opportunity was given for KZn2ClS to react with AlH, 

With this information, one can write a reasonable sequence 

The reactions of KH with ZnC1, in 1 : 1 , 2 :  1 ,  and 3:  1 molar 

(1  1) One of the reviewers suggested that K, ZnC1, and KZn,Cl, 
might be cocrystallates of KC1 and ZnC1,. 
establish the authenticity of Zn,Cl,- and ZnC1,- anions, one would 
need the corresponding interatomic distances t o  support such a 
claim. These interatomic distances are not available at the present 
time. However, X-ray powder diffraction patterns are available 
and these powder patterns do show that the above compounds are 
not simple physical mixtures of KC1 and ZnC1,. Thus, if these 
compound are cocrystallates of KCl and ZnCI,, it does seem more 
than just fortuitous that the analytical data would turn out as it 
did. For KZn,CI,, the molar ratios of K,  Zn, and C1 were 1.06: 
2.00:4.94. 
1.00 : 3.94. 

In order to  be able t o  

For K,ZnCl,, the molar ratios of K, Zn, C1 were 1.96: 
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situations where the product is soluble.'2914 The ZnH, pre- 
pared in this study remains stable longer and is more reactive 
than ZnH, prepared by the Schlesinger method. In view 
of point 3 we are presently studying ZnH, as a reducing 
agent toward organic s~bs t ra tes . '~  

is important to note that the ZnH, formed in all these re- 
actions of KH with ZnCl, gives the same powder pattern 
as the ZnH, prepared by the reaction of LiH with ZnBr, 
and NaH with ZnI,, 

The reaction of NaH with ZnC1, in 1 : 1 molar ratio pro- 
ceeds according to eq 15. The filtrate from this reaction 

NaH + ZnCl, -+ '/zZnC1, + NaCl + l/,ZnH, 

contained Na, Zn, C1, and H in molar ratios of 0.00: 1 .OO: 
1.96:O.OO and half the starting zinc. The solid contained 
Na,Zn,Cl,and H in molar ratios of 1.94:1.00:1.97:1.27. 
The analytical data support the reaction as written and the 
X-ray powder pattern of the solid (Table I) contained lines 
only for NaCl and zinc metal. The powder pattern for 
ZnH, seen in the other cases was not observed. Also, this 
was the only reaction between an alkali metal hydride and 
zinc halide where the ZnH, produced turned black after 
just a few days. Why the ZnH, from this reaction behaved 
thus is unknown at present, 

Several salient points about ZnH, are worth noting at this 
point. First, ZnH, is an isolable species which has moderate 
stability at or below room temperature. Second, ZnH, is 
the most thermally stable of the group IIb hydrides. Cadmi- 
um and mercury hydride'? decompose rapidly 
even below 0". Third, ZnH, exhibits ready reactivity in 

(15) 
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2 : l  molar ratio in THF produces ZnH, in essentially quantitative 
yield when the reaction mixture is allowed to  stir for 24-48 hr. It 
has been suggested that the reaction time might be reduced by using 
triethylaluminum as a catalyst to solubilize the NaH as NaAl(C,H,),H. 
This idea was tested b y  repeating the above reaction in the presence of 
a catalytic amount of triethylaluminum. The reaction time was re- 
duced considerably in the initial stages of the reaction; however, at 
least 24 hr was required for complete reaction and the final product 
turned black during the reaction period unlike the uncatalyzed reac- 
tion. 
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The thiocyanate anation of hexaaquochromium(II1) and pentaaquomethanolchromium(II1) ions in a water-methanol mixed 
solvent of 0.308 mol of methanol gives three products, isothiocyanatopentaaquochromium(III), and cis- and truns-isothio- 
cyanatotetraaquomethanolchromium(II1). The rate law was found to be: rate = ([Cr(OH,),3']k, + ( k ,  - k ,  + k,)[Cr- 
(OH,),(CH,0H)3+]}[SCN~] where k ,  and k ,  correspond to pathways involving the formation of isothiocyanatopentaaquo- 
chromium(II1) while k ,  and k ,  involve the formation of trans- and cis-isothiocyanatotetraaquomethanolchromium(1II). 
The methanol and the trans water replacement accelerate the thiocyanate reaction in mixed solvents. Single site reactivities 
relative to the replacement of a single water on hexaaquochromium(II1) a t  30" in 0.1 M HC10, and 0.42 &i' ionic strength 
were found to  be  k, *A, * = 3.0, k,*:k, * = 2.0, and k,*:k, * = 1.0. Solvent exchange equilibrium quotients and rate coef- 
ficients were measured for the products. The fluoride anation of hexaaquochromium(II1) and pentaaquomethanolchro- 
mium(II1) ion in 0.308 mol of methanol are also reported. In this case the products were not separated and analyzed. 

Introduction 
Previous kinetic studies of methanol-catalyzed association 

of chromium(II1) with thiocyanate4 and chloride5 ions in 
water-methanol solvents have been limited to the measure- 
ment of the total concentration of products, CrX". The 
slowness of the solvent exchange reaction5 
C I O , ~ +  + M-+CrO,M'+ + 0 (1) 

(0 = H,O, M = methanol) 

( 1 )  Based upon the M.S. Thesis of C. L. Knudson, University 
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makes it possible to identify two reactants, pentaaquometh- 
anolchromium(II1) and hexaaquochromium(II1) ions, for the 
association reactions with various nucleophiles. In this work 
the thiocyanate-chromium(II1) association was further stud- 
ied in order to separate and measure the three possible prod- 
ucts of the reactions 

k 
CIO,~+ + N - 4  CrO,NZ+ + 0 

Cr0,M3+ + N - 4  Cr0,N2+ + M 

Cr0,M3+ + N -  4 truns-CrO,MNZ+ + 0 

c ~ o , M ~ +  + N -A c is -Cr0 ,m2+ + o 

(2) 

(3) 

(4) 

( 5 )  

k 

k 

k 

(N- = SCN- coordinated through nitrogen, M = CH,OH) 

The interchange of solvent on the products of the thiocy- 


