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In the yellow form, they occupy all of the octahedrally 
coordinated voids between alternate iodine layers, 
giving a layer structure with respect to the Hg-I 
primary bonds. These stacking relationships are 
illustrated in Figure 1 and the first neighbor distances 
between like and unlike atoms are shown in Table 111. 

TABLE I11 
INTERATOMIC ATEAREST NEIGHBOR DISTANCES (A)  IN RED 

AND YELLOW MERCURIC IODIDE ---- Yellow HgIz- ----Red HgI- 

Hg-I 2.615" 4Hg-I 2.783 
Hg-I 2.620" 41-1 4,142 
2Hg-I 3.507 41-1 4.361 
2Hg-I 3.510 41-1 4.635 
1-1 4. 017b 4Hg-Hg 4.361 
21-1 4.256 4Hg-Hg 6.167 
21-1 4.356 ( u  = 0.003 A) 
41-1 4.397 
21-1 4.702 
1-1 5.208 
1-1 5,235" 

4Hg-Hg 4.702 

a Within the HgL molecule, with I-Hg-I = 178.3". Be- 

2Hg-Hg 4.397 

(a 0 0.006 A)  

tween the (HgL), layers. 

A consequence of the alternation of Hg sites between 
the I layers is a greater distortion from ideal packing, 
and this is apparent in the interatomic distances. 
Thus in the yellow form, the 12 first-neighbor 1-1 
distances range from 4.017 to 5.234 A, while in the red 
form, where the Hg atoms are more uniformly distrib- 
uted between the iodines, the range is only over 0.5 A. 
In  the HgI4 tetrahedra of the red form, the bonds are 
equal by symmetry but the angles are distorted to 
103.14 and 112.72'. The Hg-I distances of 2.783 A 
are 0.02 A longer than the sum of the tetrahedral radii 
r[Hg(4)] = 1.48 A and r[I(4)] = 1.28 A, recently 
reported.Ia The HgIa octahedra of the yellow form are 
much more distorted with two short Hg-I distances 
of 2.617 A and four long distances of 3.508 A, the in- 
ternal angles at the Hg atom varying from 85 to 95". 
The structure approaches closely therefore to that of a 
molecular arrangement of HgIz molecules, with Hg-I 
bonds equal to the sum of the covalent radii, r [Hg(2)] = 
1.28 A and r[I(2)] = 1.33 A, and is in agreement with 
measurements in the vapor phase from electron dif- 
fraction s t ~ d i e s . ' ~ , ~ ~  The I-Hg-I angle is 178.3" 
with an estimated standard deviation of 0.3", indi- 
cating a small but significant deviation from linearity. 
The HgIz molecules lie parallel to a direction a t  1.5" to 
the [012] axis, Le.,  inclined a t  45.5' to the [c] and in 
the (200) planes. The Hg-I molecular bonds are in- 
dicated by dotted lines in Figure 1. The four long 
Hg-I distances are about 0.1 A shorter than the sum 
of the usually accepted van der Waals radii (;.e., 1.50 

(13) D. Grdenic, Quavi. Reo. (London), 19,303 (1905). 
(14) A. H. Gregg, G. C. Hampson, G. I. Jenkins, P. L. F. Jones, and 

(15) P. A. Akishen, V. P. Spiridonov, and A. N. Khodchenkov, Zh.  P i a .  
L. G. Sutton, Trans. Faraday Soc., 88, 852 (1937). 

Khim. ,  88, 20 (1959). 

+ 2.15 A). The shortest of the 12 first-neighbor 1-1 
distances is that between the HgIz layers and is about 
0.3 A less than the van der Waals diameter. 
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The preparation of 1,3-dichlorotetramethyldisilazane, 
C1(CHa)zSiNHSi(CH&L!l (I), has recently been de- 
scribed. 

It has been shown that on refluxing a linear or cyc- 
lic dimethylpolysilazane with dimethyldichlorosilane, 
1,3 -dichlorotetramethyldisilazane is obtained. 

Further investigation of this reaction revealed that 
only by refluxing the polysilazane with an excess of 
dimethyldichlorosilane, 1,3-dichlorotetramethyldisila- 
zane is formed as the favored product, but the forma- 
tion of 1,3-bis(chlorodimethylsilyl)tetramethylcyclodi- 
silazane (IV) is favored when stoichiometric amounts of 
reactants are refluxed for several hours. However, 
1,3-dichlorotetramethyldisilazane is initially formed 
also in the latter case. It then disproportionates to 
yield the unstable compound (11) from which [by 
reaction with dimethyldichlorosilane (111) previously 
liberated] 1,3-bis(chlorodimethylsilyl)tetramethylcyclo- 
disilazane (IV) is formed 
2C1( CH3)2SiNHSi( CH&C1 -+ Cl( CH3)2Si[NHSi( CHd)2]2C1 + 

I I1 

(CHa)QSiCln + C1( C H a ) a S i N < ~ i ~ ~ ~ ) ' > N S i (  312 CH3),CI + 2HC 

I11 I V  

The structure of IV has also been confirmed by two 
other authors,2a,3 who obtained this material by allow- 
ing octamethylcyclotetrasilazane to react with di- 
methyldichlorosilane or 1,3-dichlorotetramethyldisila- 
zane with sodium bis(trimethylsily1)amide. Compound 
I1 is unstable, as on gas chromatographic analysis i t  
disproportionates upon the column to yield a mixture 
containing compounds I, 11, 111, and IV. The formula 
for 1,5-dichlorohexamethyltrisilazane was assigned to 
it, since the constant chlorine content of this fraction 

(1) A part of this work is taken from a Ph.D. thesis to be submitted by J. 

(2) (a) U. Wannagat, Angew. Chem. Inteun. Ed. E d . ,  4, 605 (1965);  

(3) P. Geymeyer and E. G. Rochow. Angew. Chem. Intern.  Ed.  E n d . ,  

Fuchs to the Senate of the Hebrew University. 

(b) J. Silbiger and J. Fuchs, Inovg. Chem., 4, 1371 (1905). 

4, 592 (1905). 
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was in accordance with this forinula. 1,3-Bis(chloro- 
dimethylsily1)tetramethylcyclodisilazane (IV) is also 
obtained on refluxing pure 1,3-dichlorotetramethyldi- 
silazane (I). The reaction scheme can be further 
substantiated by determining the composition of the 
reaction mixture during reaction using gas chroiiiato- 
graphic techniques. So i t  could be shown that 1,3- 
dichlorotetraiiiethylclisilazane is formed initially while 
the concentrations of the silazaiie polymer ancl di- 
methyldichlorosilane decrease proportionally. After 
prolonged reflux, compound I1 is formed and only later 
1,3 - bis (diInethylchlorosily1)cyclotetramethyldisilazane 
appears. This is also in agreement with the redistribu- 
tion studies by Van Wazer and h f~edr i t ze r ,~  who have 
shown that, upon equilibration, long-chain halogcn- 
terminated silazanes rearrange in favor of short chain 
and cyclics. 

1,3-Bis(chlorodimethylsilyl) tetramethylcyclodisila- 
zane (IV) reacts with sodium methylate to yield 1,3- 
bis(methoxydimethylsily1) tetraniethylcyclo d i  s i l a  z a n e  
(V) 

(CH30)( CH3)iSi.<~~~~:,’~>.Si( CH3)2(OCH3) $. 2NaC1 

A further reaction of 1,3-dichlorotetramethyldisilazane 
(I) is,that with antimony trifluoride to yield 1,3-di- 
fluorotetramethyldisilazane (VI) 

V 

SbFa 
Cl( CHB)2SiNHSi( CH3)2CI -+ F( CH3)2SiNHSi( CH8)zF 

The reaction was carried out a t  low temperature (ace- 
tone-Dry Ice bath) so that cleavage of the silazaiie 
bond6 was kept a t  a minimum. 

It is difficult to obtain compound VI by allowing 
1,3-dichlorotetramethyldisilazane (I) to react with 
ammonium fluoride, as the latter reacts also with the 
silazane bonds2 Compound VI  has recently been 
prepared by treating a silazane polymer with an ethereal 
solution of hydrogen fluoride a t  a low temperature or 
with a silicon tetrafluoride amine.G 1,X-Dichlorotetra- 
inethyldisilazanc (I) also reacts with methylamine to 
yiclcl 1,5-dimethyloctaniethylcyclotetrasilazane (VII) . 
2C1( CH3)2SiSHSi( CH3)2C1 + 6CH3KHz = 

V I  

CH3iX[Si(CH~)2XHSi( CH3)2] 2NCH3 + 4CH3NHg.HCI 
VI1  

Compound VI1 has also been prepared by WannagatZa 
by allowing 1,3-dichloropentamethyldisilazane to react 
with ammonia. I t  is known that dimethyldichloro- 
silane treated with methylamine yields the disubstituted 
compounds bis(methy1amino) diinethylsilane and 1,X- 
bis(methylamino)pentamethyldisilazane, which are suf- 
ficiently stable to be on cyclization prefer- 

(4) J. R. Van Wazer and K. Moedritzer, J .  Chem. Phy, . ,  41, 3122 (1964). 
( 5 )  M. Becke-Goehring and H. Krill, Chem. Ber., 94, 1059 (1961). 
(6) F. Hofler, H. Burger, and CJ. Wannagat, “Proceedings of the Inter 

national Symposium on Organosilicon Chemistry,” Pragur, 19135, pp 335- 
339. 

(7) E. Larson and B. Smith, A c t a  Chem. Scaiid. ,  3, 487 (1949). 
(8) K. Lienhard and E. G. liochow, %. A1zoi.8. A l igcnz .  CIicm., 331, 307 

(1964). 

ably iioiiaiiiethylcyclotrisilazaiic i s  I‘ormed9 (yield, 
S7-93%). However, 1,3-dichlorotetramethyldisilazaii~~ 
treated with methylamine, readily forms the cyclic 
compound (VII) , Under the reaction conditions used, 
1 ~ 3-bis (methylamino) tetraiiiethyldisil 
lated. 

A further reaction requiring mention is that of 
hexamethyldisilazane with inethyltrichlorosilane, where 
1,1,3,3-tetrachlorodiniethyldisilazane (VIII) is obtained. 
(CH3)3SiSHSi( CH3)3 + 2CH3SiCI3 --+ 

Cln( CH3)SiNHSi( CH3)C12 + 2( CH,),SiCl 

As with the reaction between hexaiiiethyldisilazaiie 
aiid diniethyldichlorosilaiie,2b here, too, reaction pro- 
cceds only in the presence of a catalyst such as alurriiiiuiri 
chloride. Coinpound VI11 is hydrolytically highly 
unstable and reacts violently with water or alcohol. 

VI11 

Experimental Sectionlosii 
Preparation of 1 ,3-Bis (chlorodimethylsilyl)tetramethylcyclodi- 

si1azane.--A mixture of 18.0 g (0.08 mole) of hexamethylcyclo- 
trisilazaiie and 15.50 g (0.12 mole) of dimethyldichlorosilaiic 
was heated to 150” for 24 hr. On cooling, the rcactioii mixture 
become solid. On distillation, there was collected 24.70 g 
(0.07 mole) of 1,3-bis(chlorodimethplsilyl)tetramcthylcyclocli- 
silazane, bp 125’ (40 mm), mp 62”, yield 7870. Calcd 
for Cl(CH,)2SiK[Si(CH,),I,r\;Si(CH,),Cl: C, 29.00; H, 7.25; 
N, 8.46; C1, 21.45; Si, 33.81. Found: C, 27.66; H, 7.83; 
S, 8.27; C1, 20.63. 

The compound was tested by its ’H nmr spectrum (6  0.34 
ppm in CC14, room temperature). A further series of experi- 
ments was carried out under similar conditions allowing hexa- 
methylcyclotrisilazane, octamethylcyclotctrasilazane, and higher 
linear silazane polymers to  react with dimethyldichlorosilanc, 
using also nonstoichiometric quantitics. After complction of rc- 
action, the  mixture always contained 1,3-bis(chlorodinictliyl- 
sily1)tetramethylcyclodisilazane. If a catalytic amount (200-- 
300 nig) of anhydrous aluminum chloride was added, rcactioii 
time was considerably reduced. The same result was obtaincd 
by refluxing pure 1,3-dichlorotetramethyldisilazane. At a bath 
temperature of 140’ with .41C13 as a catalyst the yield was 307, 
after 3 hr and ~ 6 0 7 ~  after 6 hr. 

Reaction of 1,3-Bis(chlorodimethylsilyl)tetramethylcyclodi- 
silazane with Sodium Methylate.12--4 solution of 1,3-bis(chloro- 
dimethylsilyl)tetramethylcyclodisilazane (10.00 g, 0.03 mole) in 
50 in1 of dry ether was well stirred and cooled in an ice bath. 
Sodium methylate (3.2 g, 0.05 mole) was added slowly. Tlic 
mixture was then left for 1 hr and finally distilled undcr vacuum. 
There was collected 7.0 g (0.02 mole) of 1,3-bis(mcthox~~dimctl1yl- 
sily1)tetramthylcyclodisilazane (yield 4070, bp 118” (15 m r n ) ,  
n 2 0 D  1.434, d25 0.943 g/ml). Anal. Calcd for (CHIO)(CH~)L- 
SiN[Si(CH3)2]2X3(CHa)2(OCH3): C, 37.28; H, 9.32; N, 8 . i l ;  
Si, 34.78. Found: C, 37.70; H ,  9.14; N, 8.69; Si, 33.24. 

Reaction of 1,3-Dichlorotetramethyldisilazane with Antimony 
Trifluoride.--A solution of 25.00 g (0.12 mole) of 1,3-dichloro- 
tetramethyldisilazane in 70 ml of dry ether was well stirred ancl 
coolcd in an acetone-Dry Ice bath. After slow addition of anti- 
mony trifluoridc (15.50 g, 0.08 mole), the rcactioii mixture was 
kept in the cooling bath for 1 hr more and was thcn allowcd to 
reach room temperature. The reaction product was then distilled 

Anal. 

(9) L. W. Breed and R. L. Ellich, Inovg .  Chem., 3 ,  1622 (1964). 
(10) Analytical samples given were obtained by preparative gas chroma- 

packing: 3070 silicone SE 

(11) Part  of the analytical results given Cor C, 11, und N were carrial  out 
other analy- 

(12) Prepared by titrating sodium in liquid crmmonia with tnclhanr,l :IC- 

tography using a glass column (15 f t  X s / ~  in.; 
30 on 60-80 Chi-oniosorb P ) ~  

by A. Bernhard, Microanalytical Laboratory, W e s t  Germany; 
ses were carried out in OUT own laboratories. 

cording to J. Chablay, Conipt .  Rend. ,  140, 1340 (1905). 
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off under high vacuum, collected in a trap cooled with liquid air, 
and then redistilled, 1,3-Difluorotetramethyldisilazane (9.70 g, 
0.057 mole), bp 118' (692 mm) was obtained, yield 47.570. 
The compound is hydrolytically unstable. Anal. Calcd for 
F(CHa)zSiXHSi(CH3)2F: C, 28.40; H, 7.69; N, 8.28; Si, 33.4; F,  
22.49. 

Preparation of 1,1,3,3-Tetrachlorodimethyldisilazane.-Hexa- 
methyldisilazane (20.00 g, 0.12 mole) was mixed with 90.0 g 
(0.6 mole) of methyltrichlorosilane and a catalytic amount 
(-200 mg) of anhydrous aluminum chloride was added. The 
mixture was refluxed for 2 hr and immediately distilled under 
high vacuum. The fractions were collected by cooling with 
liquid air. There was obtained 19.0 g (0.78 mole) of 1,1,3,3- 
tetrachlorodimethyldisilazane, bp 42" (0.1 mm), yield 657,. 
Anal. Calcd for ClZ(CH3)SiKHSiC12(CH3): C, 9.83; €I, 2.92; 
N, 5 .33;  C1, 58.43; Si, 23.04. Found: C, 10.12; H ,  3.11; N, 
5.70; C1, 59.1; Si, 21.7. The compound is hydrolytically 
highly unstable. 

Found: C, 28.62; H, 7.86; N, 8.21; Si, 30.0; F, 22.32. 
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A study of the reaction of white phosphorus and 
iodine was reported1 in 1940; however, since that time 
there have been no further attempts to define this 
system. Wyllie, Ritchie, and Ludlam proposed a 
mechanism whereby Pz14 was obtained from its ele- 
ments, via several iodide intermediates without break- 
ing and re-forming the P-P bond. This mechanism 
has been extensively referred to as evidence for the 
existence of iodides other than the tetraiodide and tri- 
iodide, which have been isolated in their pure state. 

The present report summarizes 31P nuclear magnetic 
resonance and spectrophotometric eviden E that  the 
formation of Pz14 from white phosphorus and iodine 
in the presence of greater than stoichiometric amounts 
of phosphorus does not take place as previously de- 
scribed.l We have shown that all of the P-P bonds are 
broken when the reaction is carried out in carbon disul- 
fide or carbon tetrachloride a t  25'. The initial reac- 
tion is rapid, proceeding directly to PIB, which under- 
goes a slower reaction with the excess phosphorus to 
form PZL. 

Also, the phosphorus-iodine system is very labile, 
and evidence is presented for the existence of equilibria 
in solution. 

Experimental Section 
Reagents.-Diphosphorus tetraiodide and phosphorus tri- 

iodide were prepared in CS2 from reagent grade iodine and white 
phosphorus, according to  the method of Germann and Traxlera2 
The elemental phosphorus was purified by treatment with dilute 

(1) D. Wyllie, M. Ritchie, and E. B. Ludlam, J .  Chem. Soc., 583 (1940). 
(2) F. E. E. Germann and R. N. Traxler, J. Am. Chem. Soc., 49, 307 

(1927). 

HN03 a t  60". Upon cooling, the solid was washed with dis- 
tilled water, absolute methanol, and dry carbon tetrachloride. 
The CS2 and cc14 solvents were reagent and spectroscopic grade 
chemicals, respectively. They were dried, distilled, and stored 
over PzOa. Spectroscopic grade cyclohexane was dried over 
Pros and used without additional purification. h-ormal pre- 
cautions were observed to exclude air and moisture from all re- 
actions. 

Nmr.-The alP nmr spectra were obtained with a Varian 
high-resolution spectrometer operating a t  24.288 Mc. Chemi- 
cal shifts are reported in CSZ and are relative to 85YG HaPo4 as 
an external reference. For the kinetic measurements, a known 
quantity of iodine in CSZ was added to  a blackened, nitrogen- 
flushed nmr tube. The reaction was initiated by introducing a 
known amount of P4 in CSZ into the nmr tube. Solutions were 
transferred with syringes in order to  avoid contamination by air 
and moisture. The nmr tube was then agitated before insertion 
into the probe. 

Data for the kinetic experiments were obtained from the areas of 
the respective PIa and PzI4 peaks. Thus, each peak was traced on 
high-quality tracing paper and weighed. Three tracings were ob- 
tained on each peak, and the average weight was used. For a 
given run, all settings in the spectrometer were kept constant 
and precautions were taken to avoid saturation of the resonance 
signals. For some concentrations of the reactants, solids sepa- 
rated out of solution. The kinetic data used were obtained prior 
to  the separation of solids. 

The 31P nmr chemical shift of p~aI4 in CSI obtained on a sample 
of PzI4 (mp 124-126") recrystallized from CS2 was - 108 ppm in 
contrast to the reported3 value of - 170 ppm. A similar value for 
the chemical shift of P z I ~  in CSI at  25" was obtained in an inde- 
pendent in~est igat ion.~ The earlier reported value is apparently 
in error, probably as a result of contamination by Pia, for the PI3 
chemical shift in CS2 is - 178 ppm. 

Spectrophotometric Measurements.--A Cary Model 14 spec- 
trophotometer was used for all measurements. When pure re- 
crystallized PI3 is dissolved in cyclohexane, three absorption 
maxima in the ultraviolet region are apparent. These maxima 
are 374, 287, and 223 mp. Moeller and Huheeya had assigned 
the 223-mp maximum to P&. This assignment was made with- 
out considering the disproportionation of P z I ~  to  PI3 and Pa upon 
dissolution in cyclohexane. The existence of this equilibrium is 
supported by the fact that  identical ultraviolet spectra are ob- 
tained on cyclohexane solutions of P214 and PIS. Employing a 
value6 of 1.54 X lo3 for the molar absorptivity in cyclohexane a t  
374 mp, values at  287 and 223 mp are 7.34 X lo3 and 1.45 X lo4, 
respectively. The molar absorptivity calculated for solutions 
made by dissolving recrystallized PzI4 in the same solvent are, 
respectively, 7.13 X lo3 and 1.49 X l o 4 .  These values were 
obtained soon after dissolution, thus minimizing interference by 
iodine. Also 31P nmr results supporting the disproportionation of 
P214 are given in the next section of this paper. 

Results and Discussion 
Evidence for PI3 as  a Reaction Intermediate.-When 

white phosphorus and iodine react a t  2 5 O ,  PI3 is the first 
stable compound that can be observed by 31P nmr. 
When excess phosphorus is present, the PI3 then reacts 
with the latter to form Pz14. This sequence of rear- 
tions, which can be represented by the equations 

'/2P4 + 312 + 2PI3 (1 )  

2PI3 4- '/J'4 + 3/2P214 (2) 

is represented graphically in Figure 1, The formation of 
PI3 from the reaction of white phosphorus with iodine 

(3) H. S. Gutowsky and D. W. McCall, J .  Chem. Phys., 22, 162 (1954). 
(4) A. H. Cowley. private communication. 
( 5 )  T. M. Moeller and J. E. Huheey, J .  Inovg. Nucl .  Ckem., 34, 315 (1962). 
(6 )  V. C. Anselmo, F. M. Walters, and C. Sun, Abstracts of Papers, 151st 

National Meeting of the American Society, Pittsburgh, Pa., March 1966, 
Paper 53H. 


