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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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" The Crystal Structure of POBrS: Space Grdup and Refinement

by Least Squarés*

Liéselotte K. Templétqn'and-David_H. Témpletén
Lawrence Radiation Léboratory and Department of Chemistry,

UnivérSity of California, Befkeley,;California 94720, U.S.A.

Contrary to an earlier report, the X-ray diffraction

data for POBrS'are consistent with space group Pnma.

* Work done under the auspices of the U.S. Atomic |

Fnergy Commiscion.
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0lie and Mijlhoff (1969; referred bo Lelow as 0 )
“reported a crystai structure for phosphoryl hronide,

POBrS, which had been refined'in space'group'Pn21a, but

which deviated from ana by no more than 0.08 A. OM stated
that refinement by least squares 1n ana proved to be
disastrous and that "R did not dr0p below_SG%",:whereas
(Withpanisotropic thermal parameters) R was.reduced‘tor

11.3% intpnzla.'vWe fdund 1t incredible that one'could not
get apprOXimately as good agreement in space group Pnma as

in Pn21a with such slight deViations from - the higher
symmetry Indeed calculatlons we have made With thevdata‘
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 1t

DrL Olievkindlyxgave'us.a 1ist of 432 non-zero

'structure factors. We refined the structure'usingvthe |
CDC-6600 computer and,the‘full-matrix least-squares program
of Dr. Ailan Zalkin of this laboratory Scattering factors
for neutral atoms were taken from Cromer and Waber (1965)
with disperSion corrections for Br and P from Cromer (1965).
oM used'slightly_different SCattering factors.and-apparently_"
_ineglectedvthe dispersiOn corrections, but we do not_believe
that tnis difference is the origin of the divergence of our
results’. ‘We assigned equal_weights to the reflections.for
lack of knowledge'of the_eXperimental accuracies} The cell
‘dimensions of OM were used: a6 = 9.467(6), b = 9.938(6),
¢ = 6.192(3) A. ‘
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Startlnv WLth coordlnates similar to those reported
‘T by OM (but naturally with Br(l) and Br(o) equlvalent),
four cycles of reflnement in Pnma with indiVidual
isotropic thermal parameters reduced R —'EIAPI /'EIFO]
to 0.192. Further cycles ylelded no signlflcant
improvement . IW1thblnd1v1dual-anlsotroplc thermal
parameters,.eight cycles reduced R to 0.110 and
Ry = (X( AF)‘ /2:r )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 compared
in Tables 2 and_S w1th those found with the other space
group . | |

' In space‘group'Pn21a.one expects strong correlation
between the parameters of Br(l) and Br(3), especially.
when these atoms arebgiven independent anisotropic thermal
parameters; and-refinement difficulty would not’be
unexpectng‘_However, refinement in this spacevgroup
(with 455independent:parameters rather than the 28 used
in ana) reduced R to 0.103 and R2 to 0.119 without
incident other than con81derably slower convergence than
we achieved 1n.ana. The resultlng coordlnates correspondr
to bond distances and angles less symmetrical than those
found in,space.gronp-ana, and the thermal parameters |
correspond to more asymmetric motion. We regard these

results to be unacceptable as a plausible model of the
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molecular.strnctnre, and we do notgreport‘the,coordinates
'vbccanse7we have no confidence in them.t

| An examinatiOn of the discrepancies anong the observed - _' )
‘and calculated structure factors (for Prma) revealed 11 that o
were larger-thantlS electrons. Refinement in Pnma after |
removal of theee 11 reflections resulted in R O 097
R2‘= 0.106, and a bond distance P -0 = 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 accuracyrof individual
'measurements;'and»that the standard deriations reported in
thls note are not to be taken too llterally The 11
vreflectlons in: question include the 10 which also gave the
worst agreement in space- group Pnzla, and therefore their
poor agreement in Pnma cannot be taken as ev1dence for: the
non—centricrgroup.

We conCIude that'there is no reason to reject ana»as

the correct space group, and that this deocrlptlon should be
used unless and until- some better evidence to the contrary

- is found, 3

_ _ T To ant1c1pate a 11ke1y questlon, we report that thev'
R test ‘of Hamilton (1965), 1f applied to the R, ratio *,, AR :Q
0. 128/0 119 = 1.08, glves the result that the centric vroup

can be reJccted at the 0. OOS level In our opanon the

'presence_of systematlc.errors and. 1ncorrect welﬁhts makes'

this testdinappropriate in the'present case.
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Br(1) Bf(é) 5 P o
_0,3469(4) 0;4801(6) 613102(10) 0. 174(5)_._
0.0790(3) 1/4 - . /e 1/4
0.1799(5) _0;6096(3) 0.3799(14) 0.494(4)

1) 7.1(2) | 5.0(3) | f_2.5(4) 4(1)
2.6(1) 5.8(2) 2.2(3) 6(2)
1»4.2(1)' 5}3(2) S 2.4(3) 3(1)
-0.5(1) 0 0 o
0.8(2) t:-l.6(2) 0.5(4) 2(1)
-1.2(1) 0 o0 0
Table 2. ‘Bond distances (A)
Pma ': R Pnz,a
~This work This work oM
SBr(1)  2.131(8) | f.é.llé(21) o 2.131(11)
- Br(z)  2.147(10) 2. 148(11) 2.140(6)
- Br(3) Co(2a31)  2.a4T(17) . 2.150(11)
o f -_ 1.470(29) R | 1.445( 2) 1.442(18)
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- Tablé_‘ 3. Bond angles (°) -
'an-a‘ o o = " Pn2.a
' This work: . This work . OM

,Bf(i) 

1 .
B TR T - T A

_ér(z). - 165-3(3)  ;7-f :i 1O6{2(6) v :‘- i06.5(4) .'_ 1»

Br(1)

-Br(S)_ :f;;1oS.é(2)s o 105.7(8) 1105.1(3)

Be(2) - P - Br(3)  (105.3) o 108.5(1)  105.3(a)
Br(1) - 5.0(6 115.4(17)

Br(2) =P -0  iog.s(1z) - 109.

(
(
-0  - 7 IISEQ(G)FQ‘A;_ ~. ;18.5( 8) . |
| | 109.6(14)  109.5(8)
‘Br(s) (25) ‘

-0 r_i(115.o)‘f  L ,, 112;5 114.6(18)~ '
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.




B o

TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

" -
ot e

yos
g



