
384 NOTES Inorgcinic Chemistry 

density and molecular weight measurements. How- 
ever, crude measurements with a Monel Bourdon 
gauge, as well as the behavior of FC(0)ONFz during 
vacuum line manipulations, suggested a normal boiling 
point in the vicinity of 0". 

Although no explosions occurred during 
the course of this work, the materials are potentially 
hazardous and proper shielding should be used. 
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Halide alkoxides of a number of elements (e.g., Ti,' 
Zr,2 A41,3 Fe,4 and V5) have been synthesized by the 
reactions of their alkoxides with acyl halides. In a 
recent communication Mogele6 has reported the prepa- 
ration of halide alkoxides of gallium by reactions of the 
type 

Ga(GaX4) + 2ROH -+- XGa(012)~ + GaX3 + HZ 

GaX3 + 2SaOR --+ XGa(OR)2 f 2SaX 

where X = C1 or Br and R = CHQ or CzH,. These 
monohalide derivatives were found to be insoluble in 
organic solvents and were assumed to be coordinatively 
polymeric. Dihalide monoalkoxy derivatives could not 
be prepared by similar reactions, since the dihalide 
derivatives initially formed were found to yield the 
monohalide derivatives. The dihalide derivatives 
could finally be prepared by reactions of the type 

XGa( 0R)z + GaX3 --+ 2X2GaOR 

X2GaR + ROH --+ X2GaOR + RH 

where X = C1 or Br and R = CH, or C2H,. 
(1) D. C.  Bradley, D. C. Hancock, and W. Wardlaw, J .  Chcm. SOC., 3773 

(1952). 
(2) D. C. Bradley, F. BI. Halim, R. C. Mehrotra, and W. Wardlaw, ibid., 

4609 (1952). 
(3) R. C. Mehrotra and R. K. Mehrotra, J .  I z d i a n  Chem. SOC., 39, 23 

(1962). 
(4) P. P. Sharma, Ph.D. Thesis, University of Rajasthan, Jaipur, India, 

1966. 
(5) R. C. Mehrotra and R. K. Mittal, Z .  AIzoi,g. Allgem. Chepn., 332, 189 

(1964). 
(6) L. Mogele, "Proceedings, Uth International Conference on Coordina- 

tion Chemistry," Verlag Helvetica Chimica Acta, Basle, 1966. 

B B  m B B  

/ . -  

v a g E  



Vol.  7, No. 2,  February 1968 NOTES 385 

In view of the unstable character and difficulties in 
handling gallium mono- and trihalides, i t  was thought 
worthwhile to  attempt the synthesis of halide alkoxides 
by the reaction of gallium alkoxides with acyl halides. 
In  our work the reactions of gallium isopropoxide with 
acetyl chloride and bromide have been found to pro- 
ceed smoothly yielding the mono-, di-, and trihalide 
products quantitatively according to the stoichiometric 
ratio of the reactants taken. These reactions, there- 
fore, can be represented by the equations 
(i-C3H70)3Ga + CHsCOX + 

(i-C3H?O)zGaX f iGHvOOCCH3 
(i-C3H70)3Ga + 2CH3COX + 

(i-C3H70)GaX2 + 2(i-C3H700CCHa) 
(i-C3HvO)aGa + 3CHaCOX + 

GaX3.i-C3H700CCHa + 2(i-C3H700CCH3) 

where X = C1 or Br. 
All the halide-isopropoxide derivatives, (i-C,H@)2- 

GaX and i-C3H70GaX2, were found to be soluble in 
common organic solvents. Ebullioscopic determination 
of molecular weights indicated their trimeric and di- 
meric nature, respectively, in boiling benzene and also 
in carbon tetrachloride. The molecular weights ob- 
served in both the solvents did not show any notice- 
able concentration effect. As a typical example the 
molecular weights of Ga(i-C3H~0)~Cl a t  concentra- 
tions (represented by weights of solutes in grams in 15 
ml of benzene) given in parentheses are: 685 
(0.1574), 693 (0.3038), 681 (0.3588), 690 (0.4317), 693 
(0.5477). 

Wt  of Wt  of 
(i- acyl 

(CsH7- hal- 
0 ) s -  ide, g 

ferent stoichiometric ratios of the gallium isopropoxide 
and acyl halides appeared to  indicate a facile group 
interchangeability; this was confirmed by the reac- 
tion of gallium isopropoxide with 2 mol of gallium chlo- 
ride, when the following interchange appears to take 
place 

(i-C8H70)3Ga + 2GaC13 --+ 3i-C3H70GaXI 

For comparison, a reaction of gallium ethoxide with 
acetyl chloride in 1 : 2  molar ratio was carried out and 
was found to yield Ga(OC2H6)Clz 
Ga( OCzH& -4- PCH&OCl+ Ga( OCzHS)C12 + 2CzHaOOCCHg 

The product was found to  be soluble in benzene in which 
it showed a dimeric behavior. 

Infrared spectra of the chloro derivatives have been 
recorded in the range 4000-400 cm-l and the following 
modes have been assigned on the basis of previous mea- 
s u r e m e n t ~ : ~ ~ ~  (A) v(C-H), (B) v(CHQ), (C) v(C=O), 

(D) 6(CH3), (E) v skeletal -CH<CH:, and (F) v 

(Ga-0). The data are given in Table I .  

CH 

Experimental Section 
The reactions were carried out in all-glass apparatus with 

interchangeable joints. Extreme care was taken t o  exclude 
moisture during all of the experiments. 

Gallium isopropoxide was prepared by the reaction of gallium 
chloride with sodium isopropoxide as  already describedg and 
purified by distillation under reduced pressure. Benzene (BDH) 
was dried over sodium wire and finally distilled azeotropically with 
ethanol over a column. Acetyl halides (BDH) were fractionated 
carefully before use. 

TABLE I1 
REACTIONS OF GALLIUM ISOPROPOXIDE WITH ACYL HALIDES 

--Analysis of the distilled product, %-- -- Mol wt in---- 
Ga. (molar Compound formed Bp, -Gallium-- -Halide-- 
g ratio) (wt, g) State OC (mm) Calcd Found 

1.673 0.539 (i-CaH7O)zGaCl Colorless 110 (0.4) 31.12 31.15 

2,436 1 ,554  (i-CsH70)GaCl~ Colorless 60 (0 .4)  34.90 34.30 

1.875 1.801 GaCla.i-CaH100CCHa Brown 150 (0.4)a 25.06 24.8Qb 

2,246 1 ,123  (i-CzH70)zGaBr Colorless 118 (1.0) 26.05 26.14 

2.230 2 .225  (i-CsHi.O)GaBrz Colorless 92 (1.0) 24.15 24.47 

1.452 2,173 GaBrs.i-CsH.rOOCCHa Orange 170 (0.4)& 16.94 16.85* 

(1 : 1) (1.514) solid 

(1:2) (1.970) liquid 

(1:3) (2.117) liquid 

(1:l)  (2.+36) solid 

(1:2) (2.608) liquid 

(1:3) (2.422) liquid 
GaCla 

1.399 2.00 (i-CsH?O)GaClz Colorless 76 (2.5) 34.90 34.80 

Ga- CHs- 
(1:2) (3.396) liquid 

(OCz- COCl 
Hds 

1.700 1.325 Ga(0CzHs)Clz Colorless 76 (1.5) 37.54 37.42 
(1:2) (1 ,542) liquid 

Q Decomposed. These analyses are for the undistilled products, 

Calcd 
15.91 

35.55 

38.29 

26.85 

55.39 

58.28 

35.55 

38.23 

Found 
15.85 

35.30 

38. OBb 

29.96 

55.47 

57. 6Zh 

35.68 

38.06 

Calcd 
52.86 

29.54 

. . .  

... 

. . .  

. . .  

29.54 

24.23 

Found Calcd 
51.84 223 

29.07 200 

. . .  278 

. . .  268 

. . .  289 

. . .  ' 411 

30.19 200 

24.01 186 

Found Calcd Found 
681 223 660 

428 200 393 

573 278 554 

776 268 757 

622 289 586 

785 411 816 

418 . 

372 . . .  , . .  

The addition compounds, GaX3 -i-C3H700CCH3, Gallium and halides were estimated as the  oxinate and as silver 
formed with excess acyl halides were also soluble in 
benzene and carbon tetrachloride in which they showed 
dimeric behavior. On being heated under reduced pres- 

halides, respectively. Isopropoxy and ethoxy contents were 
determined by an oxidimetric method.lO 

Molecular weights were determined in a semimicro ebul- 

(7) S. Mathur,  Ph.D. Thesis, University of Rajasthan, 1967. 

(9) R. C. Mehrotra and R. K. Mehrotra, Current Sci. (India), 33, 241 
(1964). 

sure the products began to decompose a t  about 150" 
leaving a reddish residue out of which no gallium d o -  
ride could be volatilized. 

The ready formation of single products from dif- 

(8) D. Sukhani, m . D .  Thesis, University of Rajasthan, 1967. 

( io) u. c. Bradley and w. Wardlaw, J .  Chem. sot., 3450 (1950). 
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liometer (Gallenkamp) using a thermistor seiising in boiling bell- 
zene and carbon tetrachloride. 

Synthetic Reactions. Reaction of Gallium Isopropoxide with 
Acetyl Chloride in Molar Ratio 1:  1.-Acetyl chloride (0.54 g) 
was added in two or three lots t o  a solution of gallium isopropox- 
ide (1.67 g) in dry benzene (20 9) .  An exothermic reaction took 
place. The mixture was refluxed for 2 hr at a bath temperature 
of 90-100°. On cooling, nothing appeared to crystallize. The 
excess benzene was therefore distilled out under reduced pressure. 
Finally a white solid (1.51 g, yield lOOC/,) was obtained by  drying 
the product for 3 hr at 0.1 mm pressure at room temperature 
(85' ) .  Anal. Calcd for Ga(i-CaH70)2Cl: Ga, 31.23; C1, 15.91; 
i-CaH70, 52.86. Found: Ga, 31.18; C1, 15.87; i-C3H7Or 52.1. 

The compound (0.41 g) was distilled a t  110" (0.4 mm) to  give a 
colorless liquid (0.28 g) which solidified after a few minutes. 
Anal. Found: Ga, 31.15; C1, 15.85; i-C3H70, 51.84. The 
melting phint of this compound is 74.75'. The analogous bromo 
derivative melts at 95-96'. 

The general method of synthesis !vas the same in every case; 
hence the other derivatives are described in Table 11. 
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The action of chlorine fluorides on organic corn- 
pounds has been reviewed with respect to the more 
quantitative aspects of chlorofluorination and the de- 
gree of competition between the chlorination and 
fluorination processes. Since difluoramine is a readily 
oxidized compound2 we were interested in studying the 
system HNFZ-ClF, in order to determine whether 
general halogenation occurred and to what extent 
competition existed between the chlorination and the 
fluorination processes. 

Experimental Section 
Materials.-Chlorine monofluoride was prepared by heating 

an  equimolar mixture of chlorine and fluorine to 150" for several 
hours in a stainless steel cylinder. The product was purified by 
vacuum fractionation prior to use. Chlorine trifluoride was pur- 
chased from the Matheson Co. and purified by the method of 
Schack, et u Z . ~  Chlorine pentafluoride was prepared by  the 
method of Pilipovich, et aZ.,4 which involved the fluorination of 
CsClF4. Chlorine fluorides of high purity were essential. 
Freedom from chlorine oxides was most important since such 

(1) W. K. R. Musgrave, Advan.  Fluwine Chem., 1, 18 (1960). 
( 2 )  E. A. Lawton and J. Q. Weber, J .  Am. Chem. Soc., 81, 4755 (1959). 
(3) C.  J. Schack, H. Dubh, and J. Quagliano, Jr., Chenz. I d  (London), 548 

(1967). 
(4) D. Pilipovich, W. Maya,  E. A. Lawton, H. F. Bauer, D. F. Sheehan, 

N.  N. Ogimachi, It. D. Wilson, F. C. Gunderloy, and V. E. Bedwell, Inovg. 
C h e m . ,  6 ,  1918 (1067). 

impurities often caused the reactions with difluordtnine to  occur 
with an  explosive deflagration. Difluoramine was generated 
from difluorourea as reported by Lawton, et aZ.j Alkali fluorides 
were fused and then powdered in a drybox prior to use. 

Apparatus.-Difluoramine was handled in a glass vacuum line 
and the chlorine fluorides in a stainless steel vacuum line fitted 
with Teflon U traps. Because difluoramine is decomposed by 
fluorine-passivated metal and the chlorine fluorides arc difficult t o  
manipulate in glass, the reactions of these materials were con- 
ducted in a Kel-F cylinder fitted with a Teflon valve. Reaction 
products were separated on the metal system. 

Infrared spectra were taken on a Perkin-Elmer Infracord 137 
using 5-cm Kel-F or stainless steel cells fitted with ,4gC1 windows. 
Mixtures of chlorodifluoramine and tetrafluorohydrazine were 
not separable by fractional condensation and the relative pro- 
portions of such mixtures were dctcrinined by infrared absorb- 
ance measurements. Pure samples of ClXF2 and N2F4 were 
employed to obtain the necessary coefficients. The experimental 
values are: ClNFe, u84jcm-i  = 7.2 X mm-' cm-l and 
aGSjCm-l = 4.4 X 
mm-l cm-l. Errors in the analysis are probably on the order t o  
57, including the errors of gas volume measurements. 

Reaction of C1F and HNF2.--After pretreating the Kel-F 
reactor with C1F3, it was evacuated and attached to the glass 
vacuum line. Difluoramine (32.1 cm3, 1.43 mmol) was con- 
densed into the reactor at - 142". The closed reactor was reat- 
tached to  the metal vacuum line and C1F was condensed in a t  
-142O, the quantity (32.0 cm3, 1.43 mmol) being measured by 
pressure difference since CIF has a low vapor pressure at this 
temperature. After 30 min at -78", the product gases were 
separated by fractional condensation at - 142 and - 196". The 
high-tempcraturc fraction was found to  be HF without auy infra- 
red-observable contaminants. The low-temperature sample 
(31.9 cm3) did not contain any unreacted ClF, but was composed 
of a mixture of 97'J, ClXFe and 37, ;\T?F4. The latter may have 
ariscn through incomplete reaction of the difluoramine and its 
subsequent decomposition in the metal line during fractionation6 
or through decomposition of ClKF2 to NnF4 and C1: as reported 
by 

Reaction of ClF3 and HNF2.-Chloriiie trifluoride (8.1 cm3, 0 362 
mmol) was condensed into the Kel-F reactor a t  -196". The 
valve was closed aiid the reactor connected to the glass line from 
which HKF2 (24.2 cm3, 1.07 mmol) was obtained by condensation 
at -142'. The reactor was then immersed in a bath cooled to  
-78". After 30 min, the reactor was opened and the products 
were fractionated on the metal vacuum system. An infrared 
spectrum of the material trapped a t  -142" shoned no C1-F or 
N-F species but only HF. Similar inspection of the -196' 
condensate (16.2 cm3) revealed a 1: 1 mixture of N2F4 and ClNFz 
with less than 156 SFs. Replicate measurements showed 7.8 
and 8.4 em3 of CIITF2 to be present in addition to  8.1 cm3 of I'JnF4. 
Thus the reaction was complete a i d  nearly quatititativc in a 
1:3 ratio of C1F3 to  HKFz. Several experiments were carried 
out with lesser amounts of either reactant. I n  these cases the 
reaction ratio of 1 : 3 was still observed and the excess reactant was 
recovered. 

Reaction of ClF, and HNF,.--A sample of ClFe (37.6 cm3, 1.68 
mmol) was condensed into the reactor a t  -142' followed 
by HNF2  (38.9 cm3, 1.73 mmol). The closed reactor was 
warmed to -78" for 10 min before fractionation of the products 
was initiated. Some noncondensable gas was produced but not 
measured. Most of the ClFj was recovered unreacted (28.4 
cm3). No HSFz was recovered but 9.2 cm3 of ClSF2,15.1 cm3 of 
K2F4, and a trace of NFI were obtained along with 39 ml of H F .  
Thus,  somewhat over 4 HNF2 reacted for each ClFj producing 1 
ClKF2 and somewhat less than 2 N2F4. 

nim-' cm-'; N2F4, a7dj,,-1 = 2.3 X 
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