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an  e inem Q u a r z k o n t a k t  bet  300 ~ C e n t s p r e c h e n d  der  Gle ichung  

3PnHn+~ ---> (n + 2) P H  a + (2n --  2) P 

q u a n t i t a t i v  in P h o s p h o r  u n d  P h o s p h i n  zerse tz t  wird.  Das  
gebi lde te  P h o s p h i n  wi rd  n a c h  STocK u. Mi tarb .  t) als Kupfe r -  
p h o s p h i d  zur  WS~gung gebrach t .  Die B r a u c h b a r k e i t  des  Ver-  
f ah r ens  w u r d e  d u t c h  A n a l y s e n  yon  r e inem P eHt  u n d  P~D~ 
ge tes te t .  Die Me thode  i s t  zur  a n a l y t i s c h e n  Cha rak t e r i s i e rung  
der  P h o s p h a n e  wesen t l i ch  genaue r  als die B e s t i m m u n g  des 
G e s a m t p h o s p h o r s  oder  -wassers toffs ,  deren  P r o z e n t g e h a l t e  
s ich bet  den  e inze lnen  H o m o l o g e n  n u r  sehr  wen ig  v o n e i n a n d e r  
un te r sche iden ,  w/ ihrend  die Dif ferenzen  in d e m  p y r o l y t i s c h  
gebi lde ten  P h o s p h i n  u n d  , , R e s t - P h o s p h o r "  wesen t l i ch  gr613er 
sind.  
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On the Existence 0f Hexachl0rogermanates, MrGecl0 

G e r m a n i u m  te t rach lor ide  is k n o w n  for i ts  t e n d e n c y  to 
es tab l i sh  a co-ord ina t ion  n u m b e r  of s ix  for t he  germanium.  
b y  t h e  add i t ion  of va r i ous  o the r  molecules ,  pa r t i cu l a r ly  those  
c o n t a i n i n g  n i t rogen  or o x y g e n  w i t h  free e lec t ron pairs1). 
The re  is, however ,  on ly  one recorded e x a m p l e  of hexa-co-  
o rd ina t ion  ach ieved  b y  t h e  dona t i on  of two more  chlor ide 
ions  to t he  GeCI 4 molecule .  Th i s  is t he  c o m p o u n d  Cs~GeC16, 
f i rs t  p r epa red  b y  LAUBENGAYER, BILLINGS and  NEWKIRK 2) 
in f940. These  workers  h a v e  po i n t ed  ou t  t h a t  t h e  o ther  
alkal i  a n d  ea r t h  a lkal ine m e t a l  ions  do no t  unde rgo  reac t ions  
wi th  GeCI 4 . 

I n  t h e  course  of work  on  t he  acceptor  s t r e n g t h  of g roup  IV 
chlor ides  for chlor ide ions  in l iquid a n h y d r o u s  HC13) we 
h a v e  t h o r o u g h l y  i n v e s t i g a t e d  t h e  poss ib i l i ty  of t h e  fo rma t ion  
of t h e  complex  ion, GeCI~-. Surpr is ingly ,  our  resu l t s  indi-  
ca ted  t h e  absence  of comp l ex  ion  fo rma t ion .  G e r m a n i u m  
te t raeh lo r ide  is comple t e ly  inso luble  in l iquid  HC1 and  does 
not not ic ib ly  increase  t he  se l f - conduc tance  of HC1, ind ica t ing  
that a n y  equ i l ib r ium concen t r a t i on  of GeCI~- is i m m e a s u r a b l y  
small .  A f u r t h e r  proof  of t he  absence  of t h e  GeCI~- anion,  in 
l iquid  HC1, is f u rn i shed  b y  t he  d i s t inc t ly  d i f fe rent  b e h a v i o u r  
of SnC1 a a n d  GeCI~ in th i s  so lvent .  

"When SnC14 is t i t r a t e d  aga i n s t  t h e  h i g h l y  c o n d u c t i n g  
so lu t ion  of 0.2 m t e t r a m e t h y l a m m o n i u m  chloride (A = 25"0 cm 2 
,Q-1 tool-l) in  l iquid  HC1 t h e  c o n d u c t i v i t y  d rops  s h a r p l y  un t i l  
t h e  e q u i v a l e n t  p o i n t  co r r e spond ing  to  a mola r  ra t io  of t h e  
f o r m u l a  (Me4N)~SnC16 is reached.  This  c o m p o u n d  can  be 
isola ted w h e n  t he  HCI is evapora t ed .  On  t h e  add i t i on  of 
GeC1 a to  t h e  s a m e  so lu t ion  of 0.2 m M%NC1 in HC1, t h e  con-  
d u c t i v i t y  a t  f i rs t  s l igh t ly  increases  and  t h e n  r e m a i n s  constant 
t h r o u g h o u t  t h e  t i t r a t ion .  W h e n  t he  so lu t ion  is al lowed to 
w a r m  up,  to r o o m  t e m p e r a t u r e  in  a closed sy s t em,  t h e  GeCla 
evapo ra t e s  a f te r  t h e  HC1, l eav ing  on ly  t h e  t e t r a m e t h y l -  
a m m o n i u m  h y d r o g e n  dichloride,  Me~NHCle, as a solid in t he  
cell. S imi iar  r e su l t s  are  ob ta ined  w i t h  t e t r a e t h y l a m m o n i u m -  
chloride. 

W h e n  n i t rosy l  chloride is condensed  on GeCI~ and  t h e n  
g radua l ly  w a r m e d  up,  GeCla a n d  NOCI are  miscible  in all 
p ropo r t i ons  b u t  no c o m p o u n d  f o r m a t i o n  occurs .  A t t e m p t s  
b y  o the r  workers  r to p repa re  (NO)zGeC16 h a v e  also failed. 

LAUB~;NGAYER a n d  co-workers  ~) ob t a i ned  Cs~GeCla as a 
f locculent  yel lowish whi te  p rec ip i t a t e  b y  t h e  add i t i on  of 
GeCI~ to  a so lu t ion  of c ae s i um chloride in a m i x t u r e  of e thano l  
and  t2  N aqueous  hydroch lo r i c  acid. Adop t i on  of th i s  tech-  
n ique ,  u s ing  t e t r a m e t h y l a m m o n i u m  chloride,  t e t r a e t h y l -  
a m m o n i u m  chloride,  t r i p h e n y l c h l o r m e t h a n e  and  p h o s p h o r o u s  
pen tach lo r ide  as poss ible  chloride ion donors ,  m e t  w i th  no 
success.  T h e  cond i t ions  were t h e n  modi f ied  s y s t e m a t i c a l l y  
and  the solvents met hano l ,  e thanol ,  chloroform,  benzene ,  
t o luene  a n d  n i t robenzene  were used,  in a v a r i e t y  of m ix tu r e s ,  
in  t he  presence  and  absence  of water ,  and  wi th  or w i t h o u t  t h e  

pas sage  of d ry  HC1 gas. Aga in  no complex  sal t  could be 
ob ta ined .  

L iqu id  GeC14 itself  did no t  dissolve a n y  of t he  chloride ion 
donors  nor  did i t  reac t  w i th  t hem.  Ni t rogen  con ta in ing  
so lven t s  of a more  polar  n a t u r e  such  as acetoni t r i le  or py r id ine  
canno t  be  employed  s ince  t h e y  fo rm adduc t s  wi th  GeC14 
themselvesS),6). 
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The Preparation of Co-Ordination Compounds o~ Boron 
with Halogen Ions as Ligands 

I n  a r ecen t  c o m m u n i c a t i o n  ~) concern ing  t he  p r epa ra t i o n  
of v iny l -  and  a lkyl  d iha logenoboranes  t h e  poss ib i l i ty  of t h e  
ex i s t ence  of complex  an ions  of boron  such  as R B X  3 nYn h as  
been sugges ted .  This  p r o m p t s  us  to c o m m u n i c a t e  t he  pre-  
p a r a t i o n  of a n u m b e r  of new co-ord ina t ion  c o m p o u n d s  of 
boron  in wh ich  BCla and  B F  3 have  func t ioned  as acceptors  
for ha logen  ions.  The  following c o m p o u n d s  h a v e  been  ob- 
ta ined .  

Table 

Compound Analysis (%) 

Me4NBCI~ 

Et4NBC14 [ 

M%NBF3C1 

PCI~BF3C1 

NOBF, C1 I 

I 

NO(BEt~C1) 

PH4BFaC1 

PH4BC14 

POC% �9 BF~ 

talc. : CI= 62.5; B =  
found: C1 = 62.5; B =  

calc.: CI=  50.1; B ~  
found: C1=49 '7;  B =  3"8 

calc.: C1=20.0; 13= 6.t 
C = 2 7 . 1 ;  HI= 7"I; N =  7'9 
found: C1~17.5;  B =  6.1 
C = 2 5 ' 5 ;  t - t= 6"9; N =  7'6 

cale.: C1 = 64.2; B 3"9 
F = 20'7; P =  11.2 

found: C1=64 '7;  B =  3"8 
F =  19'9; P =  t l .3  

cale.: CI=26.6 ;  ]3= 8.1 
found: CI~25-7;  B - -  7'9 

calc.: C1=21.7;  B =  6.6 
found: CI=  21.0; B =  6"5 

calc.: C1=25.6;  B =  7.8 
found: C1=22.1;  B =  7"7 

calc.: C1=75.9;  B - -  5.8 
found: C I~  73"9; B = 5'8 

calc.: C1=48.1; B =  4"9 
F ~ 25.8; P = I4-1 

found: C I~  46.2; B = 5"0 
F = 2 5 . 2 ;  P=14-1  

Description 

4"9 A white solid decom- 
5"1 poses at t00 ~ C into 

M%NC1 and BCla 

3'8 Similar to M%NBC14 

A white solid, extre- 
mely sensitive to 
moisture 

A white solid, stable 
to dry air 

A light yellow solid, 
with a high disso- 
ciation pressure at 
room temperature 

M . P . =  - 3 6 t o  
--38 ~ C, forming a 

deep red liquid 

A slightly yellowish 
solid, with a high 
dissociatiou pres- 
sure at room tem- 
perature 

A fine white powder, 
behaviour similar 
to PH4I 

A white solid, extre- 
mely hygroscopic; 
M.P. =: - 3 ~ C with 
dissociation into 
BFa and POCI8 

All t h e  c o m p o u n d s  l i s ted "in t he  table ,  t oge the r  wi th  
others ,  h a v e  been  p repa red  u s ing  a n h y d r o u s  l iquid h y d r o g e n  
chloride as an  ioniz ing  solvent .  De ta i l s  of t h e  e x p e r i m e n t a l  
t e c h n i q u e s  emp loyed  will be g iven  elsewhere2). I t  shou ld  be  
emphas ized ,  however ,  t h a t  all t h e  c o m p o u n d s  l is ted above  
are e x t r e m e l y  sens i t ive  to  mois tu re ,  and  t h a t  all m a n i p u l a -  
t ions  m u s t  be  carr ied o u t  in a d ry-box .  Of these  c o m p o u n d s  
only Me4NBCI4, prepared by another method, has been 
described beforea). The successful preparation of NOBFaCI 
and of POCI~ �9 BF a provide striking examples of the usefulness 
of liquid HCI as a media in preparative inorganic chemistry. 
NOCI and BF a are reported to yield the compound NOF �9 2BFa 
by an unspecified direct interactionS), and previous attempts 
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to isolate a co-ordinat ion compound  of POCI a and B F  a had  
failed~). In  liquid HC1, however,  C1- acts quite readily as a 
donor towards  B F  a. 

POC1 a �9 BCla ~) and the already well-known tetrachloro-  
borates  NOBCI~ ~) and PCI~BC|~ 7) are also easily accessible 
in liquid HCt. The proper t ies  of these compounds  obtained in 
this way  were in agreement  wi th  those reported in the litera- 
ture. We have also obtained some evidence for the existence 
of ano ther  addit ion compound  between PCI.~ and BCla, of 
the  formula  PCls- 2BCI a. This  compound  very readily loses 
half its BC1 a to give PCI~BC14. 

The compound  PC1 s �9 BC1 a was first  reported by STIEBER s) 
as a white  crystall ine solid which could be sublimed wi thou t  
decomposit ion,  lye  have shown tha t  this  compound  was  in 
all probabiI i ty  POC1 a �9 BCla. The compound  PCla. BC1 a does 
exist, bu t  it has the  low melt ing poin t  of - -64  ~ C. Any 
crystalline p roduc t  retained in the  liquid above this tempera-  
ture  is POCI a - BC1 a as can easily be proved  by  compar ison  
of the  infrared spectra.  Unless very carefully handled PC1 a 
is readily oxidised in the  presence of air. 

Inf ra- red  spect ra  of the  compounds  in the  table and those 
ment ioned in the t ex t  have  been recorded. A pre l iminary  
analysis  of the spectra  demons t ra tes  the existence of bo th  
the BCI~ and BFaCI- anions as dist inct  s t ruc tura l  units.  We 
agree wi th  the view expressed b y  KYNAS~rON and T~J~XER a) 
t h a t  the absorp t ion  bands  in the region 690 and 660 cm -~ can 
be taken as evidence for the presence of the BCI~- anion. A 
detailed analysis  of the  spectra  is in progress and will be 
publ ished soon. 

The au tho r s  are indebted to Professor  H. J. BMELs 
F. R. S. for the sponsorship  of this  work. 
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Chromium (II1) Complexes of Tetra Potassium 
Molybd enum-octacyanide 

A n u m b e r  of metal  complexes of te t ra  po ta s s ium molyb-  
denum octacyanide are known. I t s  complex format ion  wi th  
ch romium (III)  has, however,  escaped the a t ten t ion  of wor- 
kers in this field. Unlike other  metal  complexes, the p roduc t  
of the reaction is nei ther  a precipi ta te  nor  colloidal in nature.  
On the other  hand  on mixing fairly concentra ted solutions of 
the two reac tan ts  a slight change in colour takes pIace which 
slowly develops in to  a red one keeping for some time. In  
order  to s tudy  this  reaction, t e t ra -po tass ium molybdenuna 
octacyanide was prepared  as described by  FIESZR 1) and the 
s t reng th  of its solut ion determined potent iometr icMly e) 
against  po t a s s imn  permangana te .  Chromic chloride solut ion 
was obtained by  dissolving green A. R. crystals  in doubly dis- 
tilled water  and s t reng th  determined iodometricallya).  The 
reac tan ts  each of concent ra t ion  0.02 M were mixed ill the 
ratio, chromic chloride to molybdocyanide  as 2: 18, 4:16 . . . .  

6:4 and ~8:2 (the react ion vessels were wrapped  with black 
paper  and mixing  was carried out  in a dark room to avoid 
the decomposi t ion  of molybdocyanide  by  light). After abou t  
two hours  appreciable  change in colour was observable  and 
this developed into an intense colour after  abou t  ten hours.  

Complex ion format ion  was s tudied photometr ica l ly  by  
JoB's  method,  using Hilger Spekker absorpt iometer .  Blue 
filter No. I and 0"25 cm cell were used th roughou t  the  measure-  
ments .  The absorp t ion  of l ight was  measured  at different 
intervals  of t ime for the mixtures ,  extending the measuremen t s  
for a period of 48 hours.  The results  are given in Fig. 1. 

A few absorp t ion  studies, using DU Spec t ropho tomete r  
were also carried ou t  to get evidence for complexion format ion.  
A tungs ten  lamp as the source of light and t cm Corex cell 
were used t h r o u g h o u t  the measurements .  Optical densities 
of tile var ious mix tures  after  keeping them for 48 hours  were 

determined at  470 mr* (wavelength for m a x i m u m  absorp t ion  
of the mixture) .  The values of the optical densi ty  in this case, 
were not  the same as found wi th  Hilger absorpt iometer .  The 
results  wi th  the i n s t rumen t  are given in the  table t. 

In  spite of the fact  t ha t  similar values could no t  be obtained 
wi th  the  two in s t rumen t s  definite evidence for the  presence 
of a complex formed by  the inter-act ion of chromic chloride 
and te t ra  po tass ium m o l y b d e n u m  octacyanide in the  rat io 
t :1  could be found on plot t ing the above ment ioned  values 
of optical densities against  volume of chromic chloride. 

Discussio~. F r o m  the curves in Fig. I a and t b it could 
be seen tha t  there  is a t  least one common rat io (10:10) for 
CrCi a to K~Mo(CN)s where  m a x i m u m  absorpt ion  a t  different 

Table 1 

K~Mo(CN)s ~) 'i8 1 I -12 ' -10 8 4 2 
O . D . I  796 959 1o97 1155 1188 -1000 745 530 , 310 
O. D. II  a3i  29 46 63, 6 6  78 86 102 i ~1t 
O.D. I I I  552 1 4 9 5  432:t9581t5001-1849 a90 122 [ 73 

a) Vol. of CrCl~ resp. KaMo(CN), (0.02 M} in em 3. - -  O. D. = 
Optical density • t0 a of I mixt., II  CrCla, I I I  K,Mo(CN)v 

t ime intervals  exists. This  clearly shows the fo rmat ion  of the  
stoichiometic compound  KCrMo(CN)s, according to the  
equat ion  CrCla + KaMo(CN)B = KCr Mo(CN)s + 3 KC1. Preli- 
mina ry  work  on spec t rophotometr ic  studies also poin t  to- 
wards  the format ion  of such a compound.  Besides this, the  
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Fig. ~. O.D. of mixture minus sum of O. D. of the components 
against volume of CrCI a. 1 after I hour, 2 after 2, 3 3, I 8, 5 ~1, 

6 24, 7 36, 8 after 48 hrs. 

nature of the absorption curves changes up to a period of 
eight hours, maxima existing for the ratio 4:16 (Curves 2, 
3, and d) and also for i4:6 (Curve 3); readings taken after 
eleven hours, however, uniformly give the same maximum. 

The above mentioned results throw light on the complex 
nature of the reaction. Firstly, it cannot be purely a stoichio- 
metric  react ion since combining rat ios like 4 : i6 and 14 : 6 are 
also observed besides the normal  rat io of t 0 : i 0 .  Secondly, 
the  development  of deep red colour cannot  be solely due to 
complex ion format ion  bu t  m a y  be due to some changes taking 
place in the  molybdocyanide  in presence of chromic ions. In  
our  view the react ion between chromic-chloride and te t ra-  
po tass ium m o l y b d e n u m  octacyanide at  ord inary  t empera tu re  
may  be a combined react ion where  fo rmat ion  of KCr Mo(CN)s 
as well as tile decomposi t ion (probably  hydrolytic)  are tak ing  
place. 

F u r t h e r  work is in progress.  
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dl-10-Fluordeserpidin 

Unter  Anwendung  des Prinzips der Reserpin-Total-  
synthese  yon "WOODWARD 1) und der Modifikation yon VI~LLUZ 2) 


