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ABSTRACT

The crystal Strﬁcture of triethylscarphane, the compoundAformed upon
addition bf 082 to P(CZH5)3, has been determined from three-dimensional
x-ray diffraction data. The structure is monoclinic, space group le/c,
with a = 7.50 £ 0.02, b = 11.97 * 0.0z, énd c = 13.82 £ 0.05 K; B = 123010
x O;Zo, 7 = 4. The compound is not a loose molecular complex but rather a
zwitterion of a quaternary phosphonium derivative of dithioformate,
(CH3CH2)3P+—CSS-. The phosphorus:: atom is bound nearly tetrahedrally to
four carbon atoms (three from the ethyl groups and. one from the CSZ) with
bond lengths averaging 1.80 A. The carbon-sulphur bonds average 1.69 A aﬁd
the S-C-S.bond anglé.isllEB.Oo. /Uncertaintieé are abouts 0.03 A for bond

lengths and about 20 for bond angles.
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INTRODUCTION

.In a previous communication2 wezreportéd the structure of the
compound formed by the addifion of carbon disulfide to triethylphosphine.
The structure which we reported corresponds to a zwitterion of a quaternary
phgéphonium defivatiye of dithioformate, (CH3CH2)3P+-QSS-, as proposed
by JehéenS, rather than the loose molecular complex which Issleib and
Branckg-concluded it to be in a review of the conflicting proposals on
its structure. We have given the compound the trivial name "triethylscarpﬁéne".
In the present paper the details of the structure determination are presented

as well as the further refinement of the stfucture.
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EXPERTMENTAL

The cryétal gsed'for the structure determinétion was a small red plate,
elongated’parallél to fhe c axis with dimensions of approximately-0.8 mm. X
0.2 mm. x 0.04 mm. The crystal was coﬁsideredvto e small enough so that
absorbtion could be neglecﬁéd,' Weissenberg_daté using:CuKm.x—rays with the
crystal rotating around thé c axis were taken for layersé = O through £ = 10.
Multiple films were used and the intensities of 663 reflections were-measﬁred
by visual compafison with a calibféted film strip. In addition there were
about 1170 unobserved reflections in the region photographed. Preliminary
scale factors were obtained from the.éxposure times of the various layers,
but these were later allowed to vary in the least squares refinement.

. An hkO Weissenberg film, calibrated with a thin quartz fiver (a = 4.913%,
b = 5,405A) was taken for the measurement of a* and b*. The ratio of a¥ /o
was méasured on a McKX precession photograph with the crystal precessing
around ﬁhe b axis. The angle B was obtained from the precession film by
direct meaéﬁreméhtvand aléo byvsolution.of the triangle containing'c*; a*;

B*, and di The value of B used is the average of these ﬁwo measurements.

02°
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UNIT CELL AND SPACE GROUP

p)

iTpe cell coﬂétants of the ﬁohociinic unif‘cell at room temperature
are: |
| a = 7.50 £ 0.02 &
b = 11.97 + 0.02 A
c =13.82 £ 0.0 R
B = 123.1° £ 0.2°

"Tﬁe probabie space group was“determined to be.PZl/c from the systematic
absenceé oﬁ the Weissenberg photographs. Solution of.the‘structure confirms
this choice. The density calculated on the assumption of 4 molecules per
vuhiticell is 1.24 g/cm?, Which is reasonable for a coﬁpéund of'ﬁhis type.

The density‘was not measuréd,
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DETERMINATION OF THE STRUCTURE

After the usual corrections for Lorentz and polarization factors
a three-dimensional Patterson function was calculated. From this it was
possible to assign coordiﬁates-to the three "héav&'atoms", two sulphurs..and
one phoéphbrusdfalthough,it was not possible to distinguish sulphur from . ..
phoéphérus;. These three atoms were then used to calculate structure factors,
and the resulting signs were used tb calculate a three-dimensional Fourier
synthesis. The Fourier synthesisishowed 8 pedks.which'could be due to
carbon atoms, instead of the 7 exbected, and suggested two possible structures.
After two cycles-of least squares refinement. of one structure the con-
ventional R factor dropped to 0.211 and would not-refine any further. The
second structure however gave an R factor of 0.126 after one cycle of least
squares énd-isithefefore considered to Be correct. All least squares and
struc£ﬁre factor calculations were made on the I.B.M. 704 computer using -
the_program of Busing and Levy.6 The formvfactars of the "International

T

were used for sulphur and phosphorus:: those of Heoerni and Ibers8

9

Tabellen”
for carbon, and the exact values” for hydrogen. Each atom other than hydrogen
was assigned an,indiQidual isotropic temperature factor which was adjusted

in the least. squares refinement. Intensities which were too weak to be
observed were omitted from the least squares and structure factor calculations.
Identification df the phosphorus.: atom was made on the basis that it .is

bonded to the ethyl groups since phosphorus. and sulphur cannot be

distinguished by the heights of the peaks .in the Fourier map.
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REFINEMENT OF THE STRUCTURE

Reflnement was accomplished by 4 more cycles of full-matrix least
squares Using equal welghtlng_factors. After the first of these cycles
structure factors of the unobserved reflections were calculated and a
number of them were added after.reexamination of the films. Also at-
this time 33 reflections were femoved from the calcﬁlation because they
wééé eithefeextremely strong and therefore likely to suffer from extinction,
or difficult to read,vbeing close to the center or edges of the film. The
number of reflections usedvfor the final 3 cycles of leas£ squares was 630.

The parameters of the 6 methylene-hydrogen atoms which could be
uniquely determined by seﬁting the H-C-P-- and H-C-C bond angles equal to‘f‘.
109° 28', and the C-H bond length equal to 1.09 K, were used in the last
3 cycles of least squares refinement. Their coordinates were recalcﬁlated
after each cycle busvwere not varied during a cycle. Isotfoﬁic temperature
fectors of 7.5 Az were arbitrarily assigned to them.

After a total of 5 cycles of full matrix least squares refinement

using equal Weighting factors the unreliability factors are:

J
]

RN I N L Zlr | = 0.093

il

R
2

5 (I | - [2,D?/ =z )® )2 - oo

The final values of the observed and calculated structure factors are listed
in Table I. The final values cf the atomic parameters are-givec in Table 1T.
Table III gives the parameters of the 6 methylene hydrogens calculated from

| the final strccture.

A three-dimensional FO-Fc Fourier series shows indications of

anisotropic temperature vibrations, however due to the scarcity of data no

attempt at anisotropic refinement was made.
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DESCRIPTION OF THE STRUCTURE

The strucfure consists of descrete molecules as shown in Figure 2.
Bond lengths and bond angles are shown in Fiéure;ivand Table IV.. The C-S
bond lengths of 1.68 and 1.69 A, and the S-C-S bgndvangle Of'128o, are
substantially different from thé dimensions of DSZ(l.SSK an@ 1800).and
leave no doubt that the compound is not a loose molecular complex. The
length of the C-S bond is in fact intermediate between the lengths expected
for a single and dougle C-S bond (1.55 and 1.81 ﬁ)- The bond angles arouhd
the thioformate carbon atom (128° for the S-C-8 bond angle, 119° and 113°
for the SfC—P bond angles).are similiar tq-those occurring in salts -of
carboxylic acids; e.g. the 6xalate<ion-in wﬁich the angles are tho, 1216,
andAllSO respectiyely. Theée facts-ére consistant.witﬁ Jensén's proposél
‘that the molecule is a zwitterion with a single negative charge spread oﬁt
-on the two sulphur gtoms and a positive -charge oﬁ the.phosphorHS@.

The phosphorus:: aﬁom is roughlyhfetrahedral with bond angles ranging
from 108° to 112°ﬂ The C-P bonds,éverage 1.80 & which is shorter than the
1.87 & vond length reported for P(CH)3nlO

The;pbnd length'calcul@tions neglect ﬁhe éhortening of: the observed
. bond lengths from their true values due to the large thermal motion. If
the atoms are assumed to move isdtropically and'invphase the corrections
rangé from 0.00l'to 0.0b? K., while if the atoms are aséuﬁed to move
isotropically but with random phase the correcfiqns range from Q.OZ ﬁ. to
0.0&‘K;, and are certainly not negligible.

The uncertainties in bond lengths calculated from the standard
deviations of atomic coordinates given byvthe least squares calculation

are about 0.016 A. for the C-S bonds, 0.019 R. for P-C bonds, and 0.025 &

for C-C bonds. However the lack of agreement .in the bond lengths of the



-7- UCRL-9893

three chemically equivalent C-P bonds suggests the errors in the bond lengths
are greater. A standard deviation of about 0.03 R. for all bonds seems
more reasonable. Similiarlyvthe standard deviations of the bond angles

are estimated to be about 2?.
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Observed and calculated structure factors.

Reflections marked

by an asterisk_(*)vwere not used in the least squares refinement

either because they could not be observed accurately or they were

likely to suffer from extinction.
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7366
2069
607
2243

846

5262
7063
279
2746
13.7
1843
51e5
1948
1642
1549

8el
1345

349
1345
2046
1967
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3447
3549

648
17e4
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1240
2440

19e4 -

2541
1047
Te6
4040
8ot
2544
1248
1345
1le4
Te5
68
Se7
3745
1743
1667
840
6e¢0
1242
8e7
6e3
8e¢0
1249
1048

F
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=11241
=663
=20e3
5748
=225
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1165
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~14e9
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1845
~47e2
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=34,

‘5-7.
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=68
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=96
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174
2943
8e9
2649
Sel
2243
1847
153

2342
1407
1249
2446
2361

16e2

4442
871
4069
1943
127
30e7
1842
194
8e2
3541
22e1
17¢2
1546
11e2
1362
1943
1045
1441
l4e1
4664
2745
4e9
1643
171
1643
1146
3060
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4343
840
Se &
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173
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1748
=150
1543
~1848
=177
~10e5
2447
2067
=162
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8607
=407
=1840
~13¢5
-33.5
1647
160
749
4146
=218
1642
~1449
842
l4e4
~19e5
1147
13.1
=161
-46e7
2849
~543
=1446
162
l4e2
=1lel
=31e7
=3341
39e2
53
125
~Tel
=372
~16e1
3643
11e6
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F

1401

1346

11e5

1343

l4e2
*

4249
4449
4361l
5248
2948
21e3
11.0
1446

5664
4063
2549
363
179

" 1940

1746
8240
324
41e4
1448
1lle4
171
2040
3343
48e1
34e4

Ge0
2146
2546
112
1940
1544
1243

9e5
1367
4842
3547
3541
30.9
199
117
36el
123
1768

1564 .

1545
1246
1240
155

Unobserved reflections are omitted.
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13e4
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~38e7
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3446
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=275
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2049
~14e2

1246

1045
=139

S4e1

375
=412
~3340
~19e6

10e2

3804
=12e4
~19e2

10.2

1345
=11e4

11e3
~13.9
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2547
2640
11.8
1246
‘1462
848
8e1
88
%* -
*
291

4245
3446
1440

6¢5
2247
1440
1643
*
*
*
5040
1842
23e3
1044
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=07
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2467
21e6
1045
3048
4840
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1747
10.2
1545
1442
16.1
49,40
27 ¢4
9e8
11.0
1645
1563
13.1

1946

1040
193
2640
1140

8e2
1549

8e2

8e3
1844
11e7

1443

l4.1
1069
10e4
1443

9e3
3045
2840
3367
221
1661
19.8

8¢l

8e&
1509
1267
2048
17.8
10.8
1640
18.0

8e8
1848
11.1
21le4
1645
2446

F

«29¢6
239
B8e2

3240

4700
=-3540
«21e6

8ol

191

1348
~15.2

5246
~28e6

Sel

-Te2

153
=137

1240

233

1040
=208
-2T7e4

1le4

943
161
9e3
9el
=23e5
=749

1443

1340

-943

Geb
=110
6e8
'26-6

253

32e5
=224

1448
~16e5

~945

8e6

1462

131
=191

1846

9e9
=20e6 .
2145
8e7
=178
=10.1

2347
~-16¢2

2664
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1940
6ot
13e2

1847
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Be6
Be7
S0
8eb
Te9
1846
1945
2648
470
12e6
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1745

8e9
1543
1249
2163
1762
15¢1
1348

79
849
1348
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1367

1043
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1748
1240
1248
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301
1649
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21e3
2546

1743
- 1349

2265
1540
1440
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1262
2348
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F
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-8e¢2
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1664
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-2601
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8e3
14600
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~2045
~16e4
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1245
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-11e5
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2640
20e1
31647
1640

940
293
11e3

8e2
100
2742

1967
2662
" 1543
1546
1042

2647
6e7
1644
1063
8s6

848

3e2

6l
1960
2049

10e1’

846

C Ted

226
23¢4
281

548

1le4

102
5e9
846

2242

212
6e6

1245

1166

1048

103
93
549

- 104

1242
2065
13.0

Te8

846
10e2
1242
1943
2947

F
c

2242

=189

=3347
1648
1049
=316l
=113
11le1
1043
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- Table IT, Finél parameters.

' ATOM X | y z o(x) o(y) o(z) B,.‘Az
5, 0.1258 0.1145 0.141k 0.0008 000k 000k 6.4
P, .1313 .2kl .3289 .0007 000k .0004 4.3
33 .0886 .8398 . 4003 | .0007 0004 .Qoou 5.8
Cy, 0542 .2308 .1819 .0025 .0013 001k 5.3
c5_ .1024 L7507 .1690' ;0025 odlu .001k 5,5
Co ‘f296h .1382 4170 .0025 | .9913 .001§“ 5.5
c. 2772 3725 .3906 .0025 05i3» .oblu 5‘é‘~
Cq L3467 .3723 .0k10 .ooé9 0015 0016 6.9
09, Ry dert .3793 .3848 .0029 0016 .0017 7;3
C L2k60 . . 6453 2208 .0030 0016 .0017 . 7.9 .
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Table III. Hydrogen atom positibns calculated from the final structure.

— | — ) n o .
H, 0.19%7 . 0.8247 - uj..uud258
H | | | ..0592}": ‘ - L7630 ¢ ', .0806 . -
Hy | oapr . Llss : ;5u5o"
Hy), - e T ' © Lug03
.Hlé | | LLLE .1283 199
Hig | : | .226& : .0kg7 | o ,57&6-

Table IV. -Bond angles:

_Atoms o o Angles °
5,-C,85 o - o [128.00
P,-C)-S, | 119.0°
P,-C), "S5 | 4 . 113.0°
Cu'Pg“C5 A : . 108.3°
C),-P5-Cg | _ 111.9°
C),-Pp=Co | - . 110.4°
C5-Py-Cq ' ~ 110.0°
C5-Pp=Cy ‘ | , 11077
Co-Fp=Cq . : 108.5°
P2-05-Clo 113.5°
P,-Cg-Cq 11h.4°

5 A 112.0°
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MU -24426

Fig. 1. Bond distances in & (not to scale).
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Fig.'Z.

NIo

MU-—-23962

Projection of four molecules down [010].
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract ‘
with the Commission, or his employment with such contractor.



