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f12= 24.4 oe2 when the protons are situated on F - F  lines. 
Proton deviation from F - F  directions (the magnitude of 
the intramolecular distance r (F-H)  being preserved) lessen 
the theoretical values for f12 so that with H - F - F  angles 
exceeding 20 ° f12 becomes less than the loWer limit of its 
possible values. To summarize, it may be said that, ac- 
cording to the n.m.r, data, the protons in solid HF are 
situated at a distance of (0"95 + 0"03) A from the F atoms, 
involving a possible deviation from the F - F  line not excee- 
ding 10 °. 

It  is also worthy of mention that according to the 
empirical formula of Pimentel & McClellan (1960), with 
F - F  equal to 2.49 /~, the F - H  bond length should ap- 
proximately equal 1"02/~, which is in agreement with our 
r (H-F)  value in solid hydrogen fluoride. 

The authors are grateful to Dr L. M. Avkhutsky for his 
aid in recording the spectra. 
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Contrary to an earlier report, the X-ray diffraction data for POBr3 are consistent with space group Pnma. 

Olie & Mijlhoff (1969) (referred to below as OM) reported 
acrys ta l  structure for phosphoryl bromide, POBr3, which 
had been refined in space group Pn21a, but which deviated 
from Pnma by no more than 0.08 A. OM stated that 
refinement in Pnma (with a block-diagonal least-squares 
program) 'proved to be disastrous' and that 'R did not drop 
below 36 %', whereas (with anisotropic thermal parameters) 
R was reduced to 11.3 % in Pn21a. We found it incredible 
that one could not get approximately as good agreement in 
space group Pnma as in Pn2~a with such slight deviations 
from the higher symmetry. Indeed~ calculations we have 
made with the data of OM have reduced R below 11.3 % in 
both space groups. We must conclude that there was some 
defect in the program used by OM or some error in using it. 

Dr Olie kindly gave us a list of 432 non-zero structure 
factors. We refined the structure using the CDC-6600 
computer and the full-matrix least-squares program of 
Dr Allan Zalkin o f  this laboratory. Scattering factors for 
neutral atoms were taken from Cromer & Waber (1965) 
wi th  dispersion corrections for Br and P from Cromer 
(1965). OM used slightly different scattering factors and 
apparently neglected the dispersion corrections, but this 
difference certainly is not  the origin o f  the divergence of 
our results. We assigned equal weights to the reflections 
for i!ack of knowledge of the experimental accuracies. The 
cell dimensions of OM were used: a = 9.467(6), b = 9.938(6), 
c=  6.192(3)/~. 

Starting with coordinates similar to those reported by 
OM (but naturally with~Br(1) and Br(3) equivalent), four 
cycles of  refinement in Pnma with individual isotropic 
thermal parameters reduced R=~IAFI/~.IFol to 0.192 
Further cycles yielded no significant improvement. With 

• * Work done under the auspices of the U.S. Atomic Energy 
Commission. , 

individual anisotropic thermal parameters, eight cycles 
reduced R to 0.110 and R2=[~.(AF)2/~F2] 1/2 to 0.128. The 
final shifts in no case exceeded 10 -3 times the respective 
estimated standard deviation. The resulting parameters are 
listed in Table 1 and the molecular dimensions are compa- 
red in Tables 2 and 3 with those found with the other space 
group. Observed and calculated structure factors (multi- 
plied by 6) are listed in Table 4. 

Table 1. Final parameters in space group Pnma 

Br(1) Br(2) P 
x 0.3469 (4) 0.4801 (6) 0.3102 (10) 
y 0.0790 (3) ¼ ¼ 
z 0"1799 (5) 0"6096 (8) 0"3799 (14) 
Bll* 7"1 (2) 5"0 (3) 2"5 (4) 
B22 2"6 (1) 5"8 (2) 2"2 (3) 
B33 4"2 (1) 3"3 (2) 2"4 (3) 
B12 --0"5 (1) 0 0 
B13 0"8 (2) -1"6 (2) 0"5 (4) 
B23 -- 1"2 (1) 0 0 

* The temperature factor is exp 

O 
0.174 (3) 
¼ 
0"494 (4) 
4 (1) 
6 (2) 
3 (1) 
0 
2 (1) 
0 

(-- ~, ~ h~h~b~bjB~/4). ~j 

P-Br(1) 
P-Br(2) 
P-Br(3) 
P-O 
O---Br* 

Table 2. Bond distances 

enma  
This work 
2.131 (6) A 
2.147 (10) 

(2-131) 
1"470 (29) 
3"065 (27) 

* Atom in adjacent molecule. 

Pn21a 
This work OM 
2"118 (21) A 2"131 (11)/~ 
2.148 (11) 2-140 (6) 
2.147 (17) 2-150 (11) 
1-445 (32) 1.442 (18) 
3-092 (29) 3.08 (2) 
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Table 3. Bond angles 

Pnma Pn2~a 
This work This work OM 

Br(1)-P-Br(2) 105-3 (3) ° 106-2 (6) ° 106.3 (4) ° 
Br(I)-P-Br(3) 105.8 (2) 105-7 (8) 105-1 (3) 
Br(2)-P-Br(3) (105.3) 103"5 (7) 105-3 (4) 
Br(I)-P-O 115.0 (6) 118.3 (28) 115"4 (17) 
Br(2)-P-O 109.8 (12) 109"6 (14) 109"5 (8) 
Br(3)-P-O (115.0) 112.3 (25) 114.6 (18) 

Table 4. Observed and calculated structure factors (× 6) 
FC+t0,0,31 * 3 C 1 2  

H i t "  C, C o ]31 t + t  J 5C1 + . 2o1 1~ 189 

+ + ~ t  + a t  +++ 55? 5 3+0 + 6 ,+ 
R l d 8  i t  3 675 ? J l  6 l ~ l  1 5 6  8 ? J l  2 4 1  7 1 4 5  1 4 2  

tO I I 1  + ' l  4 5 C 6  + e l  t a S  ? r  q 9 7  ?C 8 1 / |  l b O  
12 18~ ~UL 5 2tZ 2 1 1  S 1C5  6 0  1 5  8 q  1 0 5  q l C ~  1 1 2  

H,L= C+ 1 6 1 0 6  1 6 q  9 2 ? 5  ? 2 4  I1  ~ q  5 0  H,L= ~ ,  
t ~ot  ~ q  ~z  ~ ~1 t ~ l  z s r  + , , L .  ; ,  ~ 0 ? l J  e l l  
5 ~62 ~ e  e zt~e Z~9 lZ ~ r  a t  o 1 6 6  1 5 1  i t c ~  +~  
7 1 1 1  1 ~ 2  t 9 5  ~52 H , L =  Z .  3 l t S ~  ~ R t  ? z a !  225 
9 4 6 1  ~ .  l C  1 2 1  t O 6  o 2 6 7  Lq9  z 9 ~  7 5  t e~ 51 

i t  2~;  z~9 11 1o~  x o l  i s?~ ~e3 ~ 1 5 8  ~5? ~ Z S l  Z l l  

o 5 1 7  + t t  o +P + 6 a  + ~ e t  ~so 6 t o o  +?  + t  

~92  t ? ~  ] 46~ , 5 9  e7 9 t+ 6 1  lC  ?~  
6 ] f l q  1"5 ~ I ~ 8  1 5 7  ! 2 4 6  2 t 2  ~ 1 9 4  1 9 t  H,L= 4 ,  5 
8 35C 34~ 5 l ~ L  106 6 t?~ 1 6 1  ~ , t =  3, 5 o 313 33t 

H , L I  C. I O 2C7 l + l  I t  45 50 L 211 87 61 
i 311 35C q 191 19~ H , L =  ? ,  ~ z 25? 2 5 9  3 1 1 5  11o 
5 305 l i p  I t  6 6  U l  0 t 7 6  t 6 S  ~ l z ~  1 1 6  6 zc~ 1o ;  
q ~ e  ~ t  - , t :  i ,  5 t l ~  i r e  s z 1 ~  e l  e ~ n  j ;  

I t  LOC 95 C + 6 0  5 6 6  e Z 6 5  + a t  1 7 6  1 1 1  H,L=  * ,  6 
H + L .  £ ,  l 2~8 d 1 6  3 9 t  l ? l  1 8 1  1 5 5  O ?IL 22 

o 56~ s l a  ? i ~ r  i ~  ~ 2 2 ~  2 6 ~  ~ , t :  t ,  ~ ~ l e t  1 ~ 9  
? ~C5 ~'11 i 1 7 8  2 0 0  5 1 6 1  I S ?  ) 7~ S 9  6 1 1 1  1 5 1  
a ?qe ?£1 4 [ 9 9  18H h 5 0  40 I 24:  2S? H , [ -  4,  r 
b 1 ~  1~,.) s 2 6 7  ? s t  / z ~ i  2 2 s  ? 1 4 t  1 ~  z 1 2 1  1 4 6  

' ~ , L ~  c ,  ~ q ?  8C , ' , L :  z .  s 1o 4 e6 l i p  
i t  1 1 5  76  6 1  c 25,+ z 1 8  17~ ? ~ 1  H , t ;  ~.  t 
zfl~ ?~ ,  H I t .  t ,  6 ~ 1 8 )  t d O  l 1 : 6 1  C zqg 2 8 4  

5 69 ~ C 1 $ 3  1 7 C  < I £ f l  ,~J , , L -  4 ,  ¢ l 2 3 8  232 
t ~ z  1 ~ 6  1 ? s  e l  ~ 1 ~  121  e ~ Z l  za~ z 3 4 ~  ~ l  

q 14S  1 3 4  1 1 6 ~  t ~  ~ I ~ 0  I zz  I i t .  1 1 , .  t 2!~  z~s 
. . t =  c ,  6 ~ 6 9  s t  6 1 ~  te~ 3 sso ~o~ ~ 2e~ zue 

o 16~ re+ ~ z ~ r  1 z ~  / 1 2 ~  l l Z  + 4 1 1  ~C~ l ~ . '  I S ?  
2 2~S  Z24  ~Z 59  H , t :  ? ,  6 5 2 1 9  2 1 ?  I r e  t 6 0  
4 2 o a  zoc e ~1 ~6 c 1 o ~  z t z  ~ 2~5 ee l  ~ i : ~  ~ 
6 151  LSa OIL :  I ,  ? 1 el  oo • 1 6 1  I + ?  I P S  t a b  
8 11o  l Z O  ] 50 5 ,  ~ 2~C 252 H 3 ~  t6? ,1 1 . )  l t ~  

f i l L =  0 1  7 ~ 71 31 3 75 ~8 q 229 1 9 ~  IC 114 IC3 
~ 3 8  1 ~ 9  5 6 5  ~ 6 1 1 5  t ~ o  t o  . t  LOt  L |  56 ~ a  
teZ 1 2 6  H , t -  2 ,  o ? 5 6  e ~  I I  1 2 5  L~0  H , L =  51  2 

s t c ~  l s t  c t 6 l  I L L  . , L .  Z ,  1 12  t :  l o ~  ~ ? ~  l e z  
H, I=  I .  I 2 , ~ 1  5 6 1  ~ | ? z  150 H,L" ~, 1 | ? l ~  1 ~ 2  

o i~6 2 2 ,  ~ ~it 4,~ t tc4 tm ~ ,~1 ~z6 ~ ~ ~ 
t ? e +  t 6 u  s t o t  t , + a  + 1 2 ;  t c+  z + e r  6 1 ~  4 1 6 6  
2 6 q 9  6 1 1  1 1 9  1 t 2  3 E r r  ?cz t 3 3 1  t27 5 6 6  59 

70C ?S8 7 131 J21 ~ 69 8 ~  $ ~ C  ~ 6 1 1 6  1 6 0  
~ 5 1  5 :1  ~ 204 179 5 eo oo ~ 4 0 1  491 7 6 0  ~ 0  

8C 5~ 9 ?)o t40  11,l: 1, 1 7 1 o )  l ? e  e 292 2 t ~  
6 9Z  6 3  t=  7 1  6 ?  Z 1~6 12t 2 1 t  1 7 8  Zo 1 1 1  LIB 
8 277 E~T I t  258 2d1 I 1 6 [  IZH 11 14C 159 H.L= 5+ 3 

~ 22~ |~ ?~ 9a ~ ?~ ~6 H , L .  4,  2 
l o  1 ~ 6  1 3 ~  ~ , t :  z ,  i 6 19~ 4 1 6  c ~ o |  ~ 5 ~  

H . L ,  l ,  2 I 5 6 2  71C 8 ~o S 6  1 2 5 1  2 0 1  
o ~ s t  sga 2 4~Z 562 t~  i s  ~+  2 t9~ 165 
? ~ l s  5 2 6  i l z ?  1 o 2  i z  22 a ~  t 25 t  ?Cr 
l t c  ~1  6 312 t~4  H I t :  3, ? 4 57 4+ 

~ 1 ~  ~ t o  s ~ 9  ~1o o ~e9 a~? s 1 ~ 1  1 7 1  
5 4 9 6  ~ 8 1  6 6 1 2  6S l  i t ? B  291 267 275 
6 3 0 8  3sl i ??t 2 . 9  z 236 167 8 i 1 9  1~2 
7 12~ 27~ 8 ! 4 2  tGB 5 139 ILL  q 1 ~  I L L  
8 3 1 5  287 I I  I b l  1 ~ 8  6 L7~ 246 t l  66 70 

I5C I t 6  I~ t62 a t 6  ? I~Z I t 0  . , c =  ~o 1 
1o 1 1 9  ~6e r , t .  2 ,  ? 9 ~ e o  4 6 0  o ? ~ 1  1 9 o  
i t  1 7 8  1 1 5  C ]~u 2 ~ 2  ,+.c= )1  1 1 t z s  2)+] 

2+ . . . . .  t +' + ?  I z+  z ? t  
27t  212 ? I t ?  141 
z ~ a  1 1 1  i z q z  i c e  

' z + .  + I , ,T  t + +  
a l 6  ?ac 6 76 6 0  
z s z  ? ~ z  i 1 ¢ ~  9 6  

l ~ e  l z 5  
1 4 e  1 ~ 4  " , t -  ?.  z 

8~ l e t  o 232 1 9 1  
~ , t -  s ,  6 i ? q t  s o n  

1 5 1  i~i 5 ?~6 2 1 9  
02 ?? 6 t ~  ~ 
+6 I t +  ? 164 I+P 

H , L =  6 ,  ~ +++to 8 .  o 
r ~ 5  ~ tz  i 1 5 ~  24~ 

t zzs ? t z  ~ t ? s  L?'~ 
1 5 ?  1 4 ~  5 1 6 1  2 r l  

14t  I17 8 ?t  15 

4 t l  ~ze . , t =  a ,  t 
LaC t 4 Z  o 1 + ?  t o ?  
1 o o  ~ 9 1  I I ~  I t ?  

H,L = 61  I 2 2~1 2 ~ 4  
+ i t  29~ ~ t s ~  ~ 2  

i 1 6 9  l ? q  4 1 5 ~  1 ? 1  
~ o  1~ ~ 60 ~o  

I b l  Ib~ 8 14S 12~ 

i 98 i c s  H # L .  a ,  2 

i i  67 91 $ ~.g [ b 

c z £ ~  + ? l  l 
+ l 1 1  + ~  o 1 9 5  t l  

2 ~ ?s? ~ s~ 46 

5 ~ . o Z6~ 2 r .  

i 9 ,  1 ! !  . . . . . . .  t ~ t  ~ 1 t 5  | l a  
6 9  6 1~8 l ? s  

h , L =  6+ ~ ~ , t =  1 0 ,  o 

. . . . . .  2 , ~ ,  
5 i l l  I C e  10  1 1 .  

+ . , L =  6 .  4 ~ , t =  t o ,  t 
c 2 1 1  z t ¢  o 1 9 6  t0g 
i ?~9 24C 2 1C6  a) 
? 1 ~ 1  l ? e  ~ tZa 1 7 o  
! z t ~  i ~  ~ 6 6  6 0  

• -. 1 1 4  I S 0  S t a t  1 0 s  6 0 6  6 9  
I * c 4  1 6 S  e 1 1 0  I s 1  . , L -  1 0 ,  ? 
2 ? ~ P  Z Z t  1 6 6  t c t  0 S a  q t  
] J i g  ]C8 e 11 It, 6 3~. 5 a 

', ? ¢ t  2 0 3  9 6 6  a ?  ~ ' , t "  t t .  
s ?~2 2~6 ~ + , t =  6 ,  "J o 6 2  s 

9 2  8 2  C 8C A6 t 1 o l  e c  
? t18  L 5 1  I 1 1 6  bq ? 5 6  4 ?  

to . Ot 7 6 ~  71 ~ , U ~  1 1 ,  
H , t e  5 ,  t. ~ i I ,  6 ,  E ? 5 2  5 ?  

C J + ~  1 9 n  ? 1 1 2  1 2 9  i, ~." ,,o 
i q 2  19 4 9b I12 

In space group Pn21a one expects strong correlation be- 
tween the parameters of Br(1) and Br(3), especially when 
these atoms are given independent anisotropic thermal 
parameters, and refinement difficulty would not be un- 
expected. However, refinement in this space group (with 
45 independent parameters rather than the 28 used in 
Pnma) reduced R to 0.103 and Rz to 0"119 without incident 
except considerably slower convergence than we achieved 
in Pnma. We started with the coordinates of OM and the 
thermal parameters listed in Table 1. The resulting co- 
ordinates correspond to bond distances and angles less 
symmetrical than those found in space group Pnma, and 
the thermal parameters correspond to more asymmetric 

motion. We regard these results to be unacceptable as a 
plausible model of the molecular structure, and we do not 
report the coordinates because we have no confidence in 
them.* 

An examination of the discrepancies among the observed 
and calculated structure factors (for Pnma) revealed 11 that 
were larger than 15 electrons. Refinement in Pnma after 
removal of these 11 reflections resulted in R=0.097 ,  
R2=0"106, and a bond distance P-O=1"49(2) A. This 
sensitivity of the result to deletion of data suggests that 
more detailed analysis of this data set is unjustified without 
more specific knowledge of the accuracy of individual 
measurements, and that the standard deviations reported in 
this note are not to be taken too literally. The 11 reflections 
in question include the 10 which also gave the worst 
agreement in space group Pn214, and therefore their poor 
agreement in Pnma cannot be taken as evidence for the 
non-centric group. 

We conclude that there is no reason to reject Prima as 
the correct space group, and that this description should be 
used unless and until some better evidence to the contrary 
is found. 

Note added by Dr Olie, 3 May 1971: The refinement of 
our data by the Tempi?tons shows that the conclusions 
drawn with respect to the molecular structure and inter- 
molecular interactions are independent of the choice of 
Pn214 or Prima as the proper space group. Based on the 
information we have at present, we have no valid criterion 
for making a choice; therefore, the conclusion in the final 
lines of the Tempi?tons' paper may be inverted to: 'We 
conclude that there is no reason to accept Pnma as the 
correct space group, and that this description should not be 
used unless and until some better evidence . . -  is found'. 

In the case of POCIa (Olie, 1971), which has an analogous 
structure, we found, using photographic data weighting 
according to Cruickshank (1961) that the centric group could 
still be rejected on a 5 % level. 

* To anticipate a likely question, we report that the R test 
of Hamilton (1965), if applied to the R2 ratio 0.12810.119= 1.08, 
gives the result that the centric group can be rejected at the 
0.005 level. In our opinion the presence of systematic errors 
and incorrect weights makes this test inappropriate in the pre- 
sent case (ef. Ford & Rollett, 1970). 
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