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S U i I i I A R Y

In  th i s  t hes i s  t he  c r ys ta l  s t ruc tu re  de te rm ina t i ons  o f  two
phosphorus sulphides,  PaS3 and PaS5,  are descr ibed.  A shor t  in-
t roduct ion,  deal ing wi th the h is tory,  the preparat ion and the
n ros t  impo r tan t  p rope r t i es  and  app l i ca t i ons  o f  t he  phospho rus

sulphides,  may be found in chapter  1.  A survey of  the st ructure

mdels suggested for  the phosphorus sul f ides PaS3,  Pa55,  PaST and
PcSro  i s  g i ven .  The  c rys ta l  s t ruc tu res  o f  t he  I a t t e r  two  com-
pounds were recently determined (vos, 1955); the X-ray investiga-
t j .on of  the crysta l  s t ructures of  P+Sg and PlSs is  descr ibed in

the chapters 2 and 3 of  th is  thesis .

PaS3 has a t ransi t ion point  at  39 oC; the heat  of  t ransi t ion

amoun ts  t o  ca  3 .4  kca l / n ro l .  On Iy  t he  c r ys ta l  s t ruc tu re  o f  t he

lon- temperature modi f icat i .on was invest igated.  This modi f icat ion
be longs  to  t he  space -g roup  Pnnb .  W i th  a  spec ia l  back ' re f l ex ion

camera ,  t he  f o l l ow ing  va lues  fo r  t he  l a t t i ce  pa rame te rs  we re
obtained:

a  =  9 .e60  À ;  ó  =  10 .592  À ;  c  =  13 .621  [ ;  e i gh t  nn tecu tes  pe r

uni . t  ce l  l .
The  i n tens i t i es  o f  954  i ndependen t  re f l ex ions  àÀ l  we re  meas -

ured on integrated equi-inclinatÍon Weissenberg photographs about
the a ax is ,  taken wi th Ni- f i l tered Cu radiat ion.  The st ructure
was deduced f rom a three-dimensional  Pat terson synthesis ;  the
coordinates were ref ined by calculat ing successive Four ier  syn-
theses of  the three pro ject ions.  More accurate values for  the
coordinates were obtained frrm a three-dimensional Ieast-squares
re f i nemen t ,  wh i ch  was  ca r r i ed  ou t  w i t h  ou r  i n tens Í t y  da ta  by
Dr. Jiirg Waser; Chemistry Department, Houston, Texas, U. S. À 1tre
final coordinates are l isted in table 2. 1. ïhe disagreenent index
f t  for  the observed ref lex ions àÈ I  amounts to 0.  16,  the tempera-
ture factor  exp(-3.83 s in20/X2) being used.

The crysta l  consis ts  of  molecules PaS3 Gie.  2.  ?) .  The st ruc-
ture of  these molecules is  ident ica l  wi th the st ructure of  the
nolecules in gaseous P+Ss (Hassel and Pettersen, 1941). The bond
Iengths and angles are l is ted in  table 2.3.  The average P-S and
P-P distances are respectiveLy 2.090 Á and 2. 235 & the estimated
s t a n d a r d  d e v i a t i o n  i n  t h e s e  m e a n  v a l u e s  i s  0 . 0 0 S  À .  F i e .  2 . g
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shows the arrangement of the molecules in the crystal. One of the
symmetry p lanes of  the molecule coinc ides wi th a mir ror  p lane of
t he  un i t  ce l l .

Pa55 belongs to space-group P2r.  The lat t ice pararneters were
measu red  on  We issenbe rg  and  osc i l l a t i on  pho tog raphs  abou t  t he
th ree  axes .  I n  t h i s  way  the  fo l l ow ing  va lues  were  found :  o  =

O . + 1  À ;  ó  =  1 0 . 9 4  À ;  c  =  6 . 6 9  R ;  B  =  1 1 1 . ? " ;  t w o  r n o l e c u l e s  p e r
uni t  ce l l .

ïhe in tensi t ies of  ?38 independent  ref lex ions f tÀ l  were v isual -
l y  es t ima ted  on  equ i - i nc l i na t i on  We issenbe rg  pho tog raphs  abou t
the  o  ax i s ,  t aken  w i th  N i - f Í I t e red  Cu  rad ia t i on .  S ince  the
crysta ls  were twinned,  e i ther  across the p lane (001)  or  wi th re-
spect  to  the I ine [ tOO],  two independent  sets of  ref lex ions hÀ1,

wi th the except ion of  à = 0,  were avai lable.
A f te r  some  unsuccess fu l  a t t emp ts  t o  so l ve  t he  s t ruc tu re  by

means of  inequal i t ies,  a three-dimensional  Pat terson synthesis
was calculated, from which it was possible to deduce an approxim-
ate st ructure.  The coordinates so obtaÍned were ref ined by com-
pu t i ng  success i ve  Fou r i . e r  syn theses  o f  t he  t h ree  p ro jec t i ons ;
"backshi f t "  correct ions were appl ied in  the la ter  s tages of  the
re f i nemen t .  The  f i na l  coo rd ina tes  a re  g j - ven  i n  t ab le  3 .1 .  The
standard deviat Íon in  these coordinates is  est imated at  0.015 A.
The temperature parameters B and bhe d isagreement  indices R of
the three pro ject ions have the fo l lowing values:

pro ject ion B R

Ioor]
Io to]
I too]

2 . 3 ?  e À - '  u  f o
2 . 6 9  e À - '  L z  %
2.88 eÀ- '  ,  fo

The observed and calculated F values are compared in table 3.3.
The  c rys ta l  cons i s t s  o f  mo lecu les  P4Sr  ( f iB .  3 .6 ) .  The  s t ruc -

ture of  these molecules is  complete ly  asymmetr ic ;  P4Ss is  there-
fore opt ica l ly  act ive.  The bond lengths and angles are l is ted in
table 3.2.  ï ï re P-S d is tances vary f rom 2.08 -  2.19 À,  the average
value for  the P-P bond lengths Ís  2.21 À and the P=S dis tance is
1.94 À.  The int rarnolecular  d is tance between the non-bonded atoms
P2 and Pn is very short, 3.01 Á. The arrangement of the nplecules
in the crysta l  is  shown in f ig .  3.  ?.

In chapter  4 the molecular  s t ructures of  the four  known phos-
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phorus  su lph ides  Pa53 ,  PaS5 ,  P lSz  and  P4S to

each other  and wi th the st ructure of  the Pa

of the bond lengths and aagles found in these

phorus and sulphur compounds Ís given.

are sompared wi th
molecuLe.  A survey
and in other phos-
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