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SUMMARY

Three dimensional X-ray crystal structure analysis shows that tri-
phenylSe]eﬁonium'isathiotyanafe Eonsists of discrete ion pairs in the
solid state with each pair having an Se-N contact (3.197(4)R) and
Se-C(NCS) cbhtéct (3.260(5)8) SiQniffcant]y shorter than the respective
van der'Naa]s distance. These short distances are accompanfed by acute
Se-N-C (83 0(3)°) and Se C-N (76. 8(3) ) ang]es, and suggest a weak

Z1nteract1on between the tr1pheny15e1enon1um cation and the w—electron
' -systnm of 1soth1ocyanate anlon. Ph3Se(NCS) is ne1;her 1somorphous nor
'1sostructura1 w1th Ph3Te(NuS) Ref1nement of the structure, based on
3126 reflectlons co]]ected by autonat1c d1ffractometry, converged to a

‘ convent1ona] R factor of 5. 5% and a we1ghted R ‘actor of 5. 25. Crysta]

a1

“data for Ph3Se(NCS) ‘are as fo]10w5" 12 4]7(4)A, b= 11 556(5)A c =

12. 633(3)A B = 113 17(2)“* ]666A3 (23 = Z?C) and Z = 4; space group

P2, /c.
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INTRODUCTION- . < . -

‘Among the many se]enfum compounds of the’fonn-R3SéX* those inrnfvi7'
ing ordinary pseudoha]1de 1ons have not- benn reported 1,2 Recently, we
synthesized and character1zed the Ph3Se sa]ts of N3 ,7 QS NCCe and -
NCO™ to compare ‘them with the corresponding Ph3TeX compounds.3s“ bAs
part of our effort to structurally characterize these Group (VI) onium
salts we have determined tne structure of Ph3Se(NCS). |

EXPERIMENTAL

Ph,Se(NCS) was synthesiiéd by ion exéhangéftechniques using NCS
saturated Dowex 1-X8 resin (20-50 mesh) and an aqueous solution of
Ph3SeC£ (1g/50 mi HZO)’3 High quality crystais were obtained by recrys-
tallization from methylene chloride and ethy] acetate.

Ph3Se(NCS) crystallizes in the monoclinic system, space group
P2y/c. with unit cell dimensions a = 12.417(4)A, b = 11.556(5)A, c =
12.633(3)A, & = 113.17(2)° and V = 1666A° (23 = 2°C). The floatation
measured density (CC£4 and cyclohexane)of 1.46(2) g/Cm3 agrees with the

3 for four fqrmu]a units per unit cell.

calculated value of 1.47 g/cm
A.compiete set of independent intensity data was éo]]ected by the

6-26 scan technique on a Syntex F'2.l automatic diffractometer using

graphite monochromatized Mo-Ka radintion and a crystal measuring

0.25 x 0.25 x 0.40 mm. Intensities and standard deriatinns of intensi-

ties were calculated according to fhe formulas I = S (c -RB) and o(I) =

S(c + RzB)”2 respectively, where S is the scan rate, c‘1s the tota. inte-

grated peak count, R is the ratia. of scan time to background coun;1ng

time and B-is the total background count. Coincidence corrections were made as

describad in‘the P2, operétions manual. The intensities of 4338 in- - ’

dependent reflections were measnred for 268 < 60°; so]utinn and refinement

of the struéture were basen on the 3126 ref]ecfionsrhaving F > Zq(F).

The intensities were corrected for an aVerage drift in intensity bf”élzg__"

as measured from three standard reflecf1cns \]12), (]02) and (224)

checked every. 100 reflections,and for Lorentz and po]arxzatlon effects,



>’.:Eufjnbt:?dﬁ'aSSbfption. Thé'ca]cu]ated‘linear absorption coefficient
:(HOKa), u, is 25 4 cm ]; V -

The structure was solved by Patterson and Fourier techn1ques and
:was ref1ned by least-sgquares methods. The scatter1ng factors were taken
from Cromer and Habers' those for Se And S were corrected fbr the real

and 1mag1nary components of anomalous d1spers1on using the values of
Cromer ‘and L1berman. The functlon minimized in the least-squares re-
finement was zw(]Fobsl-[Fca]cl)z where w = O.QSIFI/UZ(F). Anisotropic
thermajrparameters,were used for all of the non-hydrogen atoms. The
~ refinement converged to a final R factor (z]|F p |-[F q1/21F pel)
of 5.5% and a weighted R factor zw(lFobsl-[Fca]C!)Z/ZNIFObSIZ) of 5.2%.
The»goodhess of fit, [zw(FobS ca]c) /(no. of reflections - no. of
variab]es)]l/z, equals 1.02. A1l hydrogen atcms were located and their
positions refined in the final four cycles of refinement. They were
assigned a temperature factor one unitAgreater than that of the attach-
ed carbon atom. No atom moved more than 0.30 in the final cycle of re-
finement.

The final positional and thermal parameters for the atoms are

given in Tables I and II.*

RESULTS AND DISCUSSION

The structure of Ph3Se(NCS) is- illustrated in Figure 1 and consists

of discrete PhéSe+ and NCS™ ion pairs separated from other ion pairs by

van der Waals distances. A stereoscopic view of the packing within the
unit cell isrgiven in'Figure 2, and interatomic angles are given in

Table III. -

*The table of structure factors has been deposited as NAPS Document 03017

- {21 pages). Order from ASIS/NAPS, c/o Microfiche Publications, 440 Park Ave.
South, Hew York, N.Y. 100156. A copy may be secured by citing the document
number, remitting $6.00 for photocopies or $3.00 for microfiche. Advance pay-
ment 'is required.  Make checks payable to Microfiche Publications.
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Tab]e 11

Pos1t10na] and Therma] Parameters of the Hydrogen Atoms®

Atom . X o y z 8,32
H(12) : 101(4) 100(4) : 104(4) 5.6
H(13) 116(5) -83(5) ' 160(5) 6.9
H(14) 256(5) -200(5) 143(5) 6.8
H(15) 385(5) -124(5) 68(4) 6.4
H(16) 375(4) 64(4) 23(4) 5.4
H(22) 285(4) 359(4} -141(4) 5.4
H(23) 447(4) 419(4) -176(4) 5.8
H(24) 621(5) 378(5) -32(4) 5.9
H(25) 625(5) 297(5) 126(5) 6.3
H(26) 470(4) 254(4) 162(4) 5.5
H(32) 175(4) 126(4) -180(4) 4.7
H(33) 25(4) 112(4) -360(4) 5.0
H(34) -133(4) 234(4) -412(4) 5.3
H(35) -144(5) 366(4) -281(4) 5.6
H(36) 8(4) 383(4) -97(4) 4.9

a) The positional parameters have been multipled by ]03. Hydrogen
atoms were assigned a temperature factor one unit greater than
that of the last refined isotropic temperature factor of the
attached carbon atom.

The seienium atom in Ph3Se(NCS) is covalently bonded to three car-
bon atoms and has a nitrogen contact (3.]97(4)3) significantly shorter
than the sum of the respective van der Waals radii of 3.453.7 Similar-
1y, the Se-C(NCS) distance is short at 3.260(5)£,suggesting a weak bond-
ing between the ions. Such contacts, at distances. greater than the usqa]
covalent bond distance but shorter than the sum of the van der Waals
radii; have been found in the other triphenylselenonium® and triphenyl-
telluronium®,1? salts studied to date. This type of interaction, called
secondary bonding, has been reviewed by Alcock and is common io many
Se(1V) and Te(IV) compounds with halogen or oxygen as ligands.!! Reports

of secondary bonding of Se(IV) to nitrogen or sulfur, however, are not



Figure 1. Atom jabelling scheme and selected
interatomic distances in Ph3Se(NCS)

Figure 2. - Stereoscopic view of the
- unit cell of Ph3Se(NCS)-‘
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e Tab]e I

‘: Interatomlc D1stances (A) and Ang]es (Deg)a

Atoms Angle ~ Atoms Distance
N-C-S . 177.9(5) c(11)-c(12) 1.361(7)
C(11)-Se-c(21) : 102.2(2) c(12)-c(13) 1.388(8)
C(11)-Se-C(31) 98.8(2) C(13)-c(14) 1.355(9)
C(21)-Se-C(31) - 101.8(2) . C(14)-c(15) 1.366(9)
c(11)-Se-N 160.1(1) c{15)-c{16) 1.383(7)
C(21)-Se-N - 89.8(1) c(16)-c(11) 1.369(6)
C{31)-Se-N 94.2(1) c(21)-c(22) 1.390(6)
Se-N-C 83.0(3) c(22)-c(23) 1.365(7)
Se-C-S ‘ ©101.3(2) c(23)-c(24) 1.346(8)
Se-C-N 76.8(3) c(24)-c(25) 1.370(8)
c(12)-C(11)-c(16) 122.5(4) c(25)-c(26) 1.379(8)
C(11)-c(12)-c(13) 118.3(5) c(25)-c(21) 1.364(6)
Cc(14)-Cc(13)-Cc(12) 120.0(6) c(31)-c(32) 1.383(6-)
c(13)-Cc(14)-C(15) 121.0(5) €(32)-c(33) 1.371(6)
c(14)-c{15)-C(15) 119.9(6) C(33)-C(34) 1.376(7)
- €(11)-€(16)-C(15) 118.2(5) - €(38)-C(35) 1.371(7)
c(26)-C{21)-c(22) 119.8(5) c(35)-C(36) 1.387(7)
c(21)-c(22)-c(23) 119.1(5) €(36)-C(31) 1.372(6)
€(22)-C(23)-C(24) 121.5(5)
€(23)-C(24)-C(25) 119.7(5)
c(24)-C(25)-C(26) 120.3(5)
c(21)-c(26)-C(25) ~ 119.6(5)
€(32)-C(31)-C(36) 121.8(4)
€(31)-€(32)-¢(33) ©119.0(4)
€(32)-C(33)-C(34} -~ 120.2(4)
€(33)-C(34)-¢(35) 120.2(4)
C(38)-C(35)-C(36) ©120.7(5)
C{31)-C(36)-C(35) 118.1(4)

a) The ;tém 1abe1ing scheme and additional distances are given in Figure 1.

‘common a]though some 1nterwo]ecular Se(II) N contacts have be n reported. In
Se(SCN), for example, an Se-N contact was found_to be 2.98A.12 Most of the
X4A---Y seFondary intéréctioﬁs are- appfokimate1y 1ineaf;ﬂith deviations

C of up to 15° from 11near1ty being. common.11 In the present structure

. the C(]]) Se---N angle is. 150 1{1)°.
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The short Se-N and Se-C distances, which are accompanied by 7
acute Se-N-C and Se-C-N angles of 83.0(3)° and 76.8(3)°, respéqtive]y,i
suggest that the weak bonding interaction of the NCS gfdup with:selenium
is 1oéa]ized at the'NC.poftion of the gfoup. ‘We therefore design;te
Fh3Se(NCS) as an isothiocyaﬁate- Presumab]y_tﬁe.interaction inv§1ves

the w-electron system of the group, possibly in a donor Capacity'td

the selenium atomic orbitals. Such an inferaction is consistent with
the observed C-N stretching frequency for Ph3Se(NCS) being 10 cm']

below that reported for KNCS {vide infra).
The present study and that of Ph3SeC£-2H208 establish the conform-

ation of -the triphenylselenonium ion. The cation is of the AX3E type
and has the expected trigonal pyramidal shape with the selenium atom in
Ph3Sé(NCS) 0.87K out of the trigonal plane (plane 2, Table IV)T Ph3Se+,
however,. possesses only a pseudo-3-fold axis due to the conformat%on adopt-
ed by the phenyl rings. The Se-C distances are within the range observed for sele-
nium-aromatic carbon distances (].92—1.953)13 and have a mean value of
1.923(8)R,identica1 to that in Ph;SeCe-2H,0 (1.93(1);). Similarly, the
mean values of the C-Se-C angles are identical at 100.9(3)° and 100(1)°,
respectively. These angles, which are s]ighf]y larger than the corres-
ponding angles in the geometrically similar Ph3Té+ ion,2:10 reflect the
tendency of lighter members of Group (VI) to have larger valence angles.®8
The geometry around selenium in Ph3Se+ is distorted tetrahedral
with a lone pair'presumably occupyfng therfqurth position. When. secondary
interactions are considered, Ph3Se(NCS) is four coordinate and Ph SeC£-2H,0

s six coordinate,® despite the structural invariance of the cation. The

-l

N-Se-€(21,31), C-Se-C and N-Se-C{11) ang}e; in Ph3Se(NCS) might also Ee taken
to suggest that selenium is in a distorted octahedral environment with

three primary bonds, one secondary bond and two vacant equatorial sites.

Four coordinate (CH3)SeI may be similarly described.il- Selenium in

Ph3SeC£-2H20 is also in a dﬁstorted octahedral environment {with an

T Tqb]e 1V, Least-Squares Planes in Ph3Se NCS)Y, has been depos1ted along
with the Structure Factors Table.  Sed precedlno footnote. . ; o
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_ axia},C(é?)lsééo(i)_angle of 158;9(3)°), but has three primary bonds,
three secondary bonds and no vacant sites.ar We note that in all three
structQTes; the sécondafy coordfnation sités deviate from the pseudo-~
3-fold axis of the R3Se cat1on by about 30 to 50°. In Ph Se(NCS) the
Se N Se-C{NCS) .and Se-S vectors make angles of 42, 33 and 36° respect-
ive]y;with the gsggdo—S-fo]d axis of the cation.
The closest selenium contacts in Ph3Se(NCS),other than those
noted above, ére H(33) [x, y-1/2, z+1/2] at 3.52(5)3 and C{33) [x, y-1/2,
2+1/2] at 3.847(5)A. The closest Se-Se distance s 6.324(2)R [x. y-1/2.
z+1/2].
In Ph3Se(NCS) andr(CH3)3SeI,1“ secondary bonding does not leac to
a coordination number higher than that expected from the,stoichiohetry
of the compound as it does in the telluronium species (CH3)3Te(CH3TeI4),15
Ph3Te(NCS)9 and Ph3Te(NC0).1° The tendency of selenium(IV) toward low-
er coordination numbers accompanies the increase in the C~Se-C angles
noted above. On the basis of the above observations anhydrous
Ph3SeC1?5*probab1y has a structure similar to that of Ph;Se(NCS) and
(CH3)3SeI. Less Se---Cf interaction would be expected, however, due-to
the more electronegative C£. » -
Bond distances and angles within the three crystallographically
independent phenyl rings appear normal, and are listed in Table III.
The mean values of the 18 independent phenyi C-C distances and the C-C-C
angles are 1.37(3)A and 120(2)°, respectively. The rings are planar with
no carbon atom deviating more than 0-0]8(5)3 from the least-squares plane
of 1its respectiverphenyl ring. Equations of the least-squares planes of
the three phenyl rings are given in Table IV, planes 3 to 5. The 18 inde-
pendent phenyl C-H distances have a meén value of O.Q(Z)E. Dihedral angles
befween fhe phenyl groups containing carbon atoms (11)-(21}, (11)-(31) and
(21)-(31) are 116.7°, 89.5° and 109.4-, respectively.

* We have isolated a species of Ph,SeCZ from CH C whose cell constants:
are identical to those reported in reference %6 Tor anhydrous Ph,SeCZf.
A subsequent structure- determ1nat10n of the spec1es however, shgws it
" to be Ph SeCK-HZO 13
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The—isothibcyanaté group is esseﬁtid]jy:iqqic with éytfﬁjdj§£§ﬁég:§{ifh
similar to that of the NCS on in KNCS (1:149(14)R), and a c-s distance -
significantly shorter than that in kﬁcsy(l 689(13)&)17 _ Ph3Se(N655his :
neither iscmorphous nor 1sostructura1 mth PhaTe(Ncs), whwh is b‘l-o]‘lgo-
meric in the solid state.9»18 A]though the ﬁcs group’ is. structura]ly ; 
similar to those in Ph3Te(NCS), it is non-brndgang. ,The‘nearest nonhydrorg
gen contact to the su]fur.aﬁom is ¢{15) il-x; y#1/2, z-1/2] at,3,769(7)3
while the nearest hydrogen contact is H(32) [x, ¥-1/2, z+1/2] at 3.00(5)A.

The closest selenium atom is at 3.917(2)A. Unlike Ph3Te(NCS). which shows

three infrared C-N stretching vibrations around 2062 em™! due to three
bridging crystallographically independent NCS groups, Ph3Se(NCS), as expect-

ed, shows a single stretching vibration at 2042 cm'].3’“
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