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Difluoro(germylthio)phosphine, PF2(SGeH3), has been prepared by the 
reaction of S(PF2) 2 with GeH3C1, and has been characterised by i.r., Raman, 
n.m.r, and mass spectroscopy. Cleavage reactions with C12 and HBr, donor 
reactions of the phosphorus atom and exchange reactions with platinum 
complexes have been studied. The molecular structure of PF 2 (SGeH3) in the gas 
phase has been determined by electron diffraction. Principal parameters (ra) 
are: r(Ge--S) 225.6(4)pm; r (P--S)  211.5(8)pm; r (P - -F)  159.0(9)pm; 
< (GeSP) 99.0(6)~ < (SPF) 99.9 (4)~ < (FPF) 97.0(10) ~ The conformation 
adopted is such that there are short non-bonded F " "  H contacts, with the PF 2 
group twisted 18 ~ from the position in which the FPF  angle bisector eclipses the 
Ge--S bond. 

[Keywords: B-11 NMR;  Difluoro(germylthio)phosphine; Electron diffrac- 
tion, PF2(SGeH3) ; F-19 N M R ;  Germylthiophosphine, difluoro- ; Molecular struc- 
ture, PF2(SGeH3)+; P hosphine, difluoro(germylthio )- ; P-31 N M R ] 

Di fluor ( germylthio ) phosphin. Darstellung , E igenschaflen und M oIekiilstrulctur in 
der Gasphase 

PF2 (SGeH3) wurde fiber die Reaktion yon S (PF2) 2 mit GeH3C1 dargestetlt 
und mittels IR, Raman, NMR and MS charakterisiert. Es wurden Spaltungs- 
reaktionen mit C12 und HBr, Donor-Igeaktionen des Phosphor und Austausch- 
reaktionen mit Platinkomplexen untersucht. Die Molekfilstruktur yon 
PF2(SGeHs) in der Gasphase wurde mittels Elektronendiffraktion bestimmt. 
Die Hauptparameter (ra) sind: r (Go--S) 225,6 (4) pm; r (P--S) 211,5 (8) pro; 
r (P  F) 159,0(9)pm; <(GeSP) 99,0(6)~ <(SPF)  99,9(4)~ <(FPF)  
97,0 (1O) ~ 

Introduction 

Al though  compounds  wi th  two or more  silyl 1, ge rmyl  2 or difluoro- 
phosphino  3 groups  bound  to a single a t o m  have  been known for m a n y  
years,  it is only relat ively recent ly  t h a t  the  first compounds  conta in ing 
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a difluorophosphino group and a sityl or germyl group bound to a 
common atom have been reported 4. Such species are of particular 
interest for three reasons. In the first place, if delocalisation of lone 
pairs of electrons on the central atom into vacant  d orbitals on 
neighbouring atoms takes place, there may be expected to be com- 
petit ion between phosphorus and the group IV atoms for the available 
electrons, which will be reflected in the spectroscopic and structural 
properties of the compounds. Secondly, the conformations adopted by 
the molecules are important ,  and it seems tha t  the most favourable 
arrangements are stabilised by weak H " '  F contacts 4. Finally, they 
have potential  as reagents for bridging between metal atoms in 
complexes, as substi tuted fluorophosphines are well known as electron 
pair donors a, behaving generally in a similar way to carbon monoxide, 
whereas silyl and germyl compounds readily undergo oxidative addi- 
tion reactions to coordinatively unsaturated systems such as square- 
planar four-coordinate plat inum(II)  6 or iridium(I) v. 

So far, the only reports of mixed difluorophosphino--silyl or germyl 
compounds being isolated have concerned amines 4,s,9. No similar 
mixed-substi tuent oxides have been reported, although the parent  
symmetrical  oxides are well known 1-a. The only stable mixed deriv- 
ative of second row elements to have been isolated is 1,1-difluoro-2,2- 
digermyl-biphosphine 10. A s tudy of the exchange reactions of disilyl 
and digermyl derivatives of sulphur, selenium and tellurium with 
bromodifluorophosphine 11 showed tha t  both silyl or germyl groups 
could be replaced. 

Y(MHa) ~ + P B rF  2 ~ PF2(YMHa) + MBrH3 

PF2(YMH3) + PBrFu --+ Y(PF2) 2 + MBrH3 [M = Si, Oe; Y = S, Se, Te] 

The two substitutions took place simultaneously, and it seemed tha t  it 
would be impossible to obtain the mixed intermediates without  dis- 
proport ionation occurring. However, we have now studied the reverse 
exchanges, using Y(PF2) u and MHsC1 , and find tha t  in one ease it is 
possible to obtain the intermediate,  free from either of the symmetrical 
species, and tha t  disproportionation is very slow. We report  here the 
results of our studies of PF~ (SGeH3). 

Results and Discussion 

P r e p a r a t i o n  of  PF2 (SGeHs) 

When equimolar amounts of S(PFz) 2 and GeHaC1 were allowed to 
react together in the liquid phase at room temperature,  an exchange 
reaction took place, yielding PF2(SGeHa). Great  care was needed to 
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ensure that the relative quantities of reagents were correct, as the 

product could not be separated from either S(PF2) 2 or S(GeH3) 2 by 
trap-to-trap distillation. Similarly, traces of moisture in the vacuum 
system or of HCI in the GeHaCI gave rise to PF2H (S), which also was 
inseparable from the desired product. 

The observation that the first exchange of GeH 3 for PF 2 went to 
completion before the second one started was unexpected in view of the 
results for the  reverse process repor ted  earlier 11. I t  would  appear  t h a t  
PFe(SGeHa) is stable wi th  respect  to d ispropor t ionat ion ,  at  least for 
shor t  periods, bu t  t h a t  the  two stages of  the exchange  react ion of  
S (GeH3) 2 wi th  P B r F  2 take  place at  comparab le  rates. 

Vibrational Spectra 

Details  of  the  gas-phase  i.r. and  l iquid-phase Raman spectra  are 
given in Table 1. These spect ra  provide  s t rong evidence for the ident i ty  
of  the  c o m p o u n d  as there  are peaks which m a y  be assigned to 
s t retching,  deformat ion  and  rocking modes of  the GeH 3 group,  and 
others  in the regions associated with v ibra t ions  of  the  P F  2 group.  I n  
addi t ion  there  are three strong,  polarised bands  in the  Raman spec- 
t rum,  which we assign to the  v ibra t ions  of  the  PSGe skeleton. The 
highest  f requency  b a n d  of  this g roup  is at  508 em -1, compared  wi th  580 
and  444 cm 1 for the  skeletal s t retches of  S(PF2)212, and  512 cm 1 for 
the  P - - S  s t re tch  in P F  2 (SCH3) 13, and so is assigned as the  P - - S  s t re tch  
in this case also. The  second band,  at  425 em 1, is assigned to be the 

Table 1. Vibrational spectra of PF2(SGeH3) 

I.r (gas) Raman (liquid) Assignment 

2114s 

83O 
s, br 

810J 

590 m 

514s 

425 s 

s = strong, 
dp = depolarised. 

2110s, p 

868 m, dp 

J 830 m, dp 

600 m, dp 

508 s, p 

422 s, p 

380 s, p 

305 w, dp 

l l6s,  p 

m = medium, w = weak~ 

(GeH3) 

(PF2), ~ (GeHa) 

p (GeHa) 

(P S) 

, (Ge--S) 

~, co (PFe) 

p (PF2) 

(GeSP) 

br = broad, p = polarised, 
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Ge S s t r e t ch ;  equ iva l en t  s t r e tches  in S(GeH3) 2 are  a t  408 and  
370 cm-* e. The  t h i r d  band ,  a t  116 cm -1, m u s t  be t he  ske le ta l  de fo rma-  
t ion,  which  comes a t  110 cm-~ in S (GeHa) 2, b u t  t he  ana logous  mode  in 
S(PF2)  2 is a t  2 3 7 c m - L  The re  is a b a n d  a t  125cm -1 in t he  Raman 
s p e c t r u m  of  the  l a t t e r  c o m p o u n d  b u t  i t  is n o t  po lar i sed ,  and  has  been 
ass igned  as a to rs ion  of  t he  PFe  groups .  

Table 2. N.m.r. parameters of PF2(SGeH3) and some derivatives 

Compound P F  2 (SGeHa) L '  B H a ' Mo (CO)4L2 

a (1H)/ppm 4.8 5.8 4.9 
8 (1H')/ppm 1.0 
8 (11B)/ppm a 60.6 
8 (19F)/ppm b --56.5 --54.  t - -  15.7 
8 (alp)/ppme 233.7 193.9 226.6 
1J (alp 19F)/H z 1280 1255 1201 
1J (n B 1H')/Hz 102.8 
1J (rap nB)/H z 47 
2j  (alp 1H')/Hz 16 
2J (alp ~lp)/H z 45 
a j  (31p 1H)/H z 12.6 8.7 2.5 
a j  (19F 1H,)/Hz 18.2 
a j  (alp 19F)/H z 3 
4 j  (19F 1H)/H z 3.4 2.0 < 2 

a Relative to B (OMe)s; b relative to CCI3F; c relative to 85~o H3PO 4. 

N.m.r  Spectra 

The  1H, 19F and  31p spec t r a  of  PF2(SGeHa)  p rov ide  unequ ivoca l  
ev idence  of  i ts  i d e n t i t y  a n d  pu r i t y .  I n  p a r t i c u l a r ,  the  high a lp  chemica l  
shi f t  conf i rms  t h a t  i t  is a p h o s p h o r u s ( I I I )  species a n d  no t  a phos-  
phorus (V)  de r iva t ive ,  S = PF2(GeH3).  The  n .m.r ,  p a r a m e t e r s  are  l i s ted  
in Tab le  2. 

Mass Spectrum 

Deta i l s  of  the  mass  s p e c t r u m  of PF2(SGeHs)  are  g iven  in Tab le  3. 
The  m u l t i p l i c i t y  o f  g e r m a n i u m  i so topes  can m a k e  ana lys i s  of  the  
spec t r a  of  G e H  3 d e r i v a t i v e s  diff icul t ,  b u t  in t he  p r e se n t  case i t  a ppe a r s  
t h a t  the  g roups  of  peaks  cen t r ed  a t  178 a n d  109 mass  uni t s  arose  
p r e d o m i n a n t l y  f rom ions wi th  th ree  h y d r o g e n  a toms ,  while  t he  g roup  
a t  158 mass  un i t s  a rose  f rom ions wi th  two  hydrogens .  Thus  sequen t i a l  
loss of  h y d r o g e n  a t o m s  does no t  occur  to  a n y  g r e a t  ex t en t .  B r e a k d o w n  
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of the parent ion can take place by three distinct routes, involving as 
the initial step elimination of HF, or cleavage of either P - - S  of Ge--S 
bonds. The strength of the peak due to PF2HS + suggests tha t  elimina- 
tion of GeHe is also an important  process. 

Table 3. Mass spectrum of PF2(SGeHa) 

m/e Relative Abundance Assignment 

178 a 20 [PF2(SGeH 3)]+ 
158 a 20 [PF(SGeH2)] + 
109 a 20 [GeHaS]+ 
102 100 [PF2HS] + 
101 12 [PF2S] + 
88 5 [PF~] + 
82 25 [PFS] + 
69 50 [PF2J + 
63 25 [PSi+ 
50 5 [PFJ 
34 3 [SH2] + 
32 2 IS] + 
31 2 [P] + 
20 1 [FH] + 

metastable 

39.5 weak [PF2S] + -~ F2 + [PS] + 

Cleavage Reaction8 of the Ge--S Bond 

When HC1, HBr and C12 were allowed to react with PF~(SGeHa), in 
each ease cleavage of the Ge--S,  rather than the P - -S ,  bond took place, 
with a germanium halogen bond being formed. 

PF2(SGeH3) + HX ~ GeH3X + PFuH(S) IX = C1, Br] 

PF2(SGeH3) + C12 --~ GeH3CI + PC1F2(S) 

I t  seemed probable tha t  similar reactions could be used to synthesize 
compounds containing SPF 2 groups and one such reaction was studied. 
At room temperature chlorodiphenylphosphine gave S = P F e P P h  2 as 
the major product, identified by its n.m.r, parameters [~P 114.0, 
- -  1.9 ppm, 1JpF 1,274 Hz, 2JpF 18.3 Hz, 1jpp 366 HzJ. A small amount  
of S = PPh2PPh~, was also formed [3 P 45.1, - -  13.3 ppm, 1jpp 254 Hz] : 
this would seem to indicate tha t  some cleavage of the P S bond also 
occurs, giving PP/~(SGeH3) as an intermediate. 

15 Mon~tshefte ftir Chemic, Vol. I l l /1  
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Donor Reactions of PFe(SGeH3) 

On reaction with diborane, PF2(SGeH3) behaved as other fluoro- 
phosphines, giving a complex in which the phosphorus atom was the 
donor. There have been several a t tempts  to relate n.m.r, parameters of 
borane-phosphine complexes to the base strengths of the phosphi- 
nes m-15, but  the empirical relationships between 1j  (31p 11B) and dative 
bond strength are useful only for restricted ranges of similar phos- 
phines 14. The n.m.r, parameters  for GeH3SPF 2 �9 BH  3 (Table 2) show the 
usual coordination shifts and coupling constants similar to those in 
related molecules. The 31p 11B coupling is clearly resolved, although it is 
unresolved in F2PSPF2'BH3, with a coupling constant of 47Hz,  
compared with 41Hz in PF2(SCH3) la. This is consistent with the 
suggestion 13 tha t  base strength is increased by n-bonding, which is 
extended in the present case through sulphur to germanium. 

A displacement reaction occurred w i t h  tetracarbonyl(norborna- 
diene)molybdenum tO form Mo(CO)a(PF2SGeH3)2, identified by its 
n.m.r, spectra. These were second order, and proton-decoupled spectra 
were analysed as arising from an [AX2J 2 spin system, with very  small 
long-range XX couplings: the n.m.r, parameters  are listed in Table 2. 
The most noticeable feature is the small 31p coordination shift (7 ppm) 
compared with tha t  found for Mo(CO)a[S(PF2)~] (78ppm) 12. 

Reactions with Platinum Complexes 

In reactions of PF2(SGeH3) with four-coordinate Pt( I I )  complexes, 
there are three possibilities. The fluorophosphine may displace another 
ligand : there may  be oxidative addition, with a P S, a Ge--S,  or most 
likely a G e - - H  bond adding across the platinum, perhaps followed by 
elimination : or there may  be an exchange reaction, with an SPF2 or an 
SGeH 3 group displacing another  ligand. 

In the reaction with trans-PtC12(PEt3)2, exchange occurred, giving 
GeC1H 3 and trans-PtCl(PEt3)2(PF2S), identified by its n.m.r, para- 
meters 16, with small amounts of two other unidentified platinum 
complexes. Similarly, trans-PtC1H(PEt3) 2 gave GeC1H 3 and trans- 
PtH(PEt3)2(PF2S)I~, but  on standing at room temperature  the pla- 
t inum product  slowly gave PtCl(PEt3)2(PF2S ). As GeH4was not formed 
at the same time, it would appear tha t  the solvent, chloroform, must be 
involved in the reaction. A third PF2S complex, trans-PtI(PEt~)2(PF2S), 
was also formed by an exchange reaction, with trans-PtI2(PEt3) 2. With 
[PtH(PEt3)3] [BPha] , trans-PtH(PEt~)z(PF2S ) was again formed, to- 
gether with PEt: 3 and GeC1H 3. The last product  is unexpected, and its 
formation must involve the solvent, dichloromethane. One possible 
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mechanism would involve an unstable t r ie thyl(germyl)phosphonium 
intermediate,  which could react  with dichloromethane to give chloro- 
germane. 

Molecular Structure 

In  the refinements of the s t ructure  of PF2(SGeH3) it was assumed 
tha t  the SGeH 3 group had local C 3 symmet ry ,  and tha t  the SPF 2 group 
had local C s symmet ry .  With  these constraints  the molecular geometry  

J••%.rcv.•-._• v -  ~ 
200 300 bOO 500 600 pm 

Fig. 1. Radial distribution curve, P (r)/r, for PFu(SGeH3). Before Fourier 
inversion the data were multiplied by s'exp[(--O.OOOO2.~z)/(Zp--fp) 

(ZGe--fGe)] 

was defined by  10 parameters ,  chosen to be the P - - F ,  P - - S ,  Ge - -S  and 
G e - - H  bond lengths, the P--S-- -Ge,  S ~ G e - - H ,  F - - P - - F  and 
F - - P - - S  bond angles, and twist  angles, which defined the conforma- 
tion about  the Ge - -S  and P - - S  bonds. The Ge - -S  twist  angle was zero 
when one G e - - H  bond was trans to the P - - S  bond, and the P - - S  twist  
angle was taken to be zero when the F P F  bisector was trans to the 
Ge - -S  bond. Both  twist  angles were defined to be positive for a 
clockwise rota t ion of the GeH 3 or PF~ group when viewed from Ge or P 
towards S. 

The radial distr ibution curve (Fig. 1) shows four strong peaks. The 
first one includes contributions f rom two bonded distances, P - - F  and 
G e - - H ,  and al though both  distances could be refined, only one 
ampli tude could be included. Similarly, the second peak had P - -S ,  
Ge - -S  and F ' "  F components,  and again the geometrical  parameters  
dependent  on these (the two bonded distances and the F P F  angle) 
could be refined, but  with only one ampli tude of vibration.  The third 
peak  was a t t r ibuted  to just  the S " "  F a tom pairs, and the associated 

15" 
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Table 4. Least squares correlation matrix multiplied by 100 
(only elements greater than 50 are included) 

rl 

100 

r2 r3 

54 
100 

100 

r4 < 1 <2 <3 ul 

61 
51 --51 

81 --79 61 
100 

100 --84 59 
100 --63 

100 
100 

u3 u6 u7 kl k2 

100 58 
100 

i00 
100 63 

100 

rl 
r2 
r3 
r4 
<1 
<2 
<3 
ul 
u3 
u6 
u7 
kl 
k2 

ampl i tude of vibrat ion and the SPF angle both therefore refined easily. 
The final peak  had a major  contr ibution f rom the G e " "  P distance, thus 
defining the GeSP angle, and substantial  shoulders arising from the two 
G e ' " F  distances. The posit ions of these two determine the con- 
format ion of the P F  2 group, but  it was found tha t  there was con- 
siderable uncer ta in ty  about  the ampli tudes  of vibrat ion which would 
refine satisfactorily neither separately  nor as a single parameter .  The 
op t imum values of both ampli tudes of vibrat ion and of the P F  2 twist  
angle were therefore found by comparing R factors with these para-  
meters  fixed at  various values, and they  were not  subsequently refined. 

The least squares correlation matr ix  (Table 4) shows several 
substant ial  correlations between parameters  defining the heavy-a tom 
skeleton, as would be expected, given the m a n y  overlapping peaks in 
the radial distr ibution curve. However,  some of the parameters  involv- 
ing hydrogen did not appear  to be strongly correlated with other 
parameters ,  but  were not well determined. Studies of variat ions of 
R factors with values of some of these parameters  showed tha t  the 
SGeH angle was 110 _+ 3 ~ and tha t  the GeHa twist  angle was 29 _+ 14% 

The results of  the final refinement,  for which R G was 0.08, are given 
in Table 5 and the intensity da ta  and final difference curves are shown 
in Fig. 2. The bond lengths and angles of the PF2S group are similar to 
the corresponding parameters  for S(PF2)217 and PF2(SCHa) is, but  the 
Ge - -S  distance [225.6 (4)pm] is significantly longer than  the equiva- 
lent distance in S (GeH3) 2 [220.9 (4) pm]  19. As the expected Ge - -S  bond 
length, based on covalent radii derived from structures of ethane 20, 
dimethylsulphide 2t and methylgermane  22 is 221.3pm, the present  
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Table 5. Molecular parameters for PF2(SGeHa)a 

229 

Distance/pro Amplitude/pm 

Independent distances 

r l  P S 211.5(8)'[ 
5.6(8) ( 

r2 Ge--S 225.6 (4)) 
r3 P- -F  159.0 (9) 5.7 (5) 
r4 Ge--H 153.8 (15) 7.1 (fixed) 

Dependent distances 

d5 F - " F  
d6 S ' " F  
d7 Ge ' - 'P  
d8 G e ' " F  

d9 Ge" -F  

238.3 (14) 6.7 (fixed) 
285.7 (13) 8.5 (6) 
332.6 (17) 12.5 (9) 
299.5 (18) 

22.3 (fixed) 
350.6 (16) ) 

Shortest F " '  H 271.3 (17) 

Independent angles/~ 

< 1 Ge--S--P 99.0 (6) 
<2 F - - P - - F  97.0 (10) 
< 3 S- -P- -F  99.9 (4) 
<4 S--Ge--H 110 (3) b 
<5 PF 2 twist 161.8 (17) b 
< 6 GeHa twist 29 (14) b 

All distances are ra. Quoted errors are estimated standard deviations 
obtained in the least squares analysis, increased to allow for systematic errors. 

b See text. 

distance must be regarded as being exeeptiona.lly long. As the other 
bond lengths are towards the high end of their normal ranges, the 
possibility of an overall scaling error must be considered. The calibra~ 
tion procedure used for wavelength determination involved recording 
of the diffraction patterns of benzene and of PF2(SGeHa) in the same 
experiment, and analysing the benzene structure using the full pro- 
cedure normMly used for unknown structure determination. The 
wavelength was then adjusted to bring the C--C distance of benzene to 
139.70 pro, thereby eliminating any possible systematic scale error. 

The conformation adopted contrasts strikingly with those adopted 
by other PF2SR compounds. In 8(PF2)2 the overall symmetry  is C2v, 
with each phosphorus lone pair of electrons eclipsing the further S - - P  
bond iv. In  PF2(SCHa) the PF  2 group is twisted 110 ~ at which point the 
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6ov .o 160 nm -1 

~ ~v - ~vJX- A , ~ / ^ ~ j  V ~ V .  

320 -1 

A 

b 

Fig. 2. Observed and final weighted difference molecular intensities for nozzle- 
to-plate distances of a 12.8 and b 286nm 

sho r t e s t  H " '  F d i s t ance  is ca. 265 p m  is, close to  the  sum of  the  v a n  d e r  

W a a l s '  rad i i  of  h y d r o g e n  a n d  f luorine.  I n  t he  p r e se n t  case the  tw i s t  
angle  is 162 ~ a n d  i t  is poss ib le  t h a t  the  ave r age  va lue  is a c t u a l l y  180 ~ 
wi th  t he  o b s e r v e d  d i s t o r t i on  be ing  caused  b y  a large  a m p l i t u d e  
to r s iona l  v ib r a t i on .  The  sho r t e s t  H ' - '  F d i s t ance  is 271 pro, and  thus  i t  
seems t h a t  in these  c o m p o u n d s  wi th  no s ter ic  c rowding,  t he  p re fe r r ed  
c o n f o r m a t i o n  is one in which  a w e a k  f l uo r ine -hyd rogen  c o n t a c t  is 
poss ible .  A l t h o u g h  the  presence  of  smal l  a m o u n t s  of  a second conformer  
canno t  be  ru led  out ,  t he re  is no ev idence  e i the r  f rom our  r e f inemen t s  or 
f rom an  inspec t ion  of  the  r ad i a l  d i s t r i b u t i o n  curve  for the  ex i s tence  of a 
second  form.  
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Experimental 
All volatile compounds were handled on a glass vacuum line fitted with 

Sovirel greaseless taps. Bis(difluorophosphino)sulphide was prepared from 
bis(tributylstannyl)sulphide and bromodifluorophosphine 12, and chloroger- 
mane from monogermane and stannic chloride 23. Other reagents were prepared 
by published methods or obtained commercially. 

Infra-red spectra were recorded in the range 4,000 200 cm -1 using a Perkin 
Elmer 557 spectrometer and Raman spectra were obtained using a Cary 83 
spectrometer, with 488 nm argon-ion laser excitation. For mass spectra, an AEI 
MS902 spectrometer was used, and n.m.r, spectra were recorded on Varian 
XL100 (sip, 19F) ' HA100(1H), JEOLFX60(s lp )  and Bruker WH360(llB) 
spectrometers. 

Electron diffraction intensities were recorded photographically on Kodak 
Electron Image plates using the Cornell/Edinburgh diffraction apparatus24, 25. 
Sample and nozzle were maintained at room temperature (293K) during 
experiments. Data were collected using two camera distances, 128ram (3 
plates) and 286mm (3 plates), giving data over a range of 30-300nm - l  in the 
scattering variable, s. Intensities were obtained in digital form using a Jarrell- 
Ash double-beam microphotometer 26 with spinning plates. The electron wave- 
length, 5.779 +0.003pro, was determined from the diffraction pattern of 
gaseous benzene. 

Calculations were performed on an ICL 2970 computer using established 
data reduction 25 and least-squares refinement27 programmes. Weighting points 
used in setting up the off-diagonal weight matrix are given in Table 6, together 
with scale factors and correlation parameters. In  all calculations the complex 
scattering factors of Schiller, Yates and Bonham 2s were used. 

Table 6. Weighting functions, correlation parameters and scale factors 

Camera A s Srnin sw 1 sw2 8ma x p/h Scale 
height factor 

mm nm -1 nm -1 nm -1 nm 1 nm 1 

128.35 4 60 80 280 300 0.20 0.866(19) 

285.56 2 30 38 120 138 0.25 0.854(17) 

Preparation of PF2(SGeH~) 

Chlorogermane (5.0 retool) was condensed with S (PF2) u (5.5 retool) in a dry 
glass bulb (ca. 250 ml), and the reagents were then warmed to 209 K for 2 hours. 
The volatile products were examined by n.m.r, spectroscopy to ascertain the 
extent of reaction and the exact amount of GeC1H3 required to convert the 
remaining S(PF2) 2 was added. In this way allowance could be made for 
imbalance of quantities of the reagents, caused by slight impurities, reaction 
with surface moisture etc. Products were separated by fractional condensation, 
a difluoro(germylthio)phosphine (4.8 mmol, 87~ yield) was collected at 209 K. 
[M.wt. 180.6 (Calc. 178.7); v.p. (273 K) 31.5 ram; m.pt. 199 K]. The other major 
product was PC1F2 (5.0 mmol), with traces of PF2H(S ), GeH 4 and GeC1H 3. 
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Reaction with HC1 

PF2(SGeHa) (2.5 retool) and HC1 (2.5retool) were condensed into a glass 
bulb (250 ml) and warmed to room temperature for 5 rain. The products were 
separated by fractional condensation yielding GeC1H 3 (2.5 mmol) and PF~H(S) 
(2.5 retool), identified by i.r. and n.m.r, spectroscopy. 

Reactions with HBr, C12 and PC1Ph2 

In each case 0.2 mmol of each reagent was taken and they were allowed to 
mix in CCIaD (0.5 ml) at room temperature. The reactions were monitored by 
IH, 19F and 31p n.m.r, spectroscopy. 

Reactions with B2H 6 

PFz(SGeHa) (0.4 retool) and B2H r (0.2 retool) were condensed in an n.m.r. 
tube with CC13D (0.5 ml) as solvent. N.m.r. spectra were recorded at 273 K. In  a 
second reaction, PF2(SGeHs) (0.8 retool) was condensed in a glass ampoule with 
B2H6 (1.1 retool), without a solvent. After warming to 195 K for 5 rain excess 
B2H 6 (0.7 mmol containing a trace of GeH4) was removed. The combining ratio 
PF2(SGeH3) : BeH~ = 2 : 1 was thus established. 

Reaction with Mo(CO)4(CTHs) 

PF2(SGeHa) (0.4retool) was added to an n.m.r, tube containing 
Mo(CO)4(CTHs) (0.060g, 0.2retool) in CClaD, and the solution was warmed to 
room temperature before sip, 19F and 1H n.m.r, spectra were recorded. 

Reactions with platinum complexes 

In  each case the platinum complex (0.2 retool) was weighed and dissolved in 
CClsD or CC12D2 in an n.m.r, tube, and PFe(SGeHa) (0.2 retool) was added. The 
progress of reactions was monitored by mp n.m.r, spectroscopy. When reactions 
were complete 19F spectra were also recorded. 
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