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Abstract—The gas phase ir. and liquid phase Raman spectra of (CF;),GeH,, (CF;),GeHD,
{CF):GeD;, (CF;):GeH and (CF;):;GeD are reported and assigned. Force constants have been
calculated yielding f(GeC) 2.25/2.27, f(GeH) 2.743/2.762 and f(CF) 5.75/5.82 N cm™* for (CF;1GeH,
and (CF,};GeH, respectively. Bonding parameters are discussed with respect to related molecules.

INTRODUCTION

Recently we have reported the vibrational spectra
of trifluoromethylgermanes, CF;GeH. ,D,[1].
This study extends the investigations to the di- and
tri-CF;-substituted germanes which also comple-
ment the previously investigated series of
trifluoromethyl(halo)germanes, (CF;).GeX;[2] and
(CF;)»GeX[3] (X =F, Cl, Br, I). In alt cases con-
siderable weakening of the Ge-C bond with res-
pect to the methyl analogues was deduced. Within
the series bond strengths increased smoothly with
increasing electronegativity of the atoms or groups
attached to germanium, the CF; group behaving
very similar to a bromine or chlorine atom. The
combined investigation of all trifluoromethyl-
germanes including all possible deuterated species
allows a detailed analysis of the spectra vielding
much more reliable force constants than would be
obtained from the investigation of any single
compound.

EXPERIMENTAL

(CF,),GeH; and (CF;);GeH were obtained from the
reaction of (CF;),Gel, and (CFy),Gel[4], respectively,
with NaBH, in aqueous phosphoric acid. The deuterated
maferials (95% isolopic purity) were prepared employing
all deuterated reagents, while (CF;),GeHD, contaminated
with 24% of the D; and 2% of the H; compound, was
obtained utilizing NaBD, and H,PO,. Details of this
reaction will be described elsewhere[5]. The samples
were purified by g.l.c. using 8m x 6 mm SE-30 columns
on a Varian 3700 gas chromatograph. The purity of the
samples was checked by 'H and ”’F NMR spectroscopy
(Varian EM 390).

Raman spectra were recorded on liquid samples sealed
in | mm 1.d. capillaries employing a Cary 82 spectrometer
with Kr* excitation at 647.1 nm, 200 mW at the sample.
Typical slit widths were 2-3 cm™', wavenumber accuracy
+1cm™!. Depolarization states are estimated. The Raman
spectra were also recorded at —196°C on glassy samples
employing slit widths <2cm !, Deviations from the
frequencies listed in Tables 2 and 3 were <5cm™'. In-
frared spectra were obtained on gaseous samples in
10cm gas cells fitted with KBr, polyethylene or TPX
windows. For 4000-180 ¢cm™' a Perkin-E!mer 580B spec-
trometer, wavenumber accuracy =lcm™, resolution
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2em”!, as well as a Nicolet 7199 FT spectrometer (4000
400cm™") at a resolution of 1cm™ were utilized. The
pressures were varied from 1 to 300 mbar. The region
from 400 to 50 cm™ was investigated with a Nicolet 8000
vacuum spectrometer.

VIBRATIONAL ANALYSIS

To a first approximation the specira of the
molecules (CF3GeH, and (CF.).GeH can be
analyzed assuming the highest possible symmetry,
C, and G, respectively. The distribution of the
fundamentals, their notation and their symmetry
properties are given in Table 1. From the electron
diffraction study of (CF:).Ge[6] it is known that
the barriers to the rotation of the CF, groups are
very low with an estimated torsional force con-
stant of 0.04 Ncm™'. Furthermore, fluorine—
fluorine interactions suggest that twisted confor-
mers may be slightly favoured which could result
in low ir. intensity for the “forbidden” a, fun-
damentals. The obsgrved ir. and Raman spectra
and their assignments are listed in Tables 2 and 3,
while the polarization Raman spectra of
{CF;),GeH; and (CF;);GeH are shown by Figs. |
and 2, respectively.

The spectra may be separated into GeH, and
CF; vibrations, the latter exhibiting H/D isotope
shifts of less than 5 cm™ if no specific coupling is
involved. The CF;Ge part resembles the cor-
responding  features of the spectra of
(CF3).GeX;[2] and (CF3),GeX[3] with characteris-
tic frequency regions:

W(CFEy)  1100-1200 cm™"
85(CFs) ca 730cm™!
8..(CF;) ca 520cm™

p(CF,) and »(GeC) 200-300cm™".

Major vibrational couplings will occur for p(CFs)
and »(GeC)[2,3] and- between &..(CF;) and
6(HGeC) as in CH,Ge(H, D);[1].
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Table 1. Distribution and notation of vibrational fundamentals

(CFy ) Get, (Cy ) ©

(CFy )5GEH(EBV)

I
a, (i,r./Rap) a, (Ra) by{i.r./Ra) b, (i.r./Ra) : 2, (i.r./Rap) gy ( =) e(i.r./Ra)
;
Vas CFy Wy Y0 Vis Vo A Vg R
v, CFy Ve Vza Va2 Vig
bas Ci3 vy Va1 Mg Ves Vs Vio Vig s Vg
&4 CFy v, Vi A Vig
e Chy Vs Via Vig Vis Vs Viq VigaVap
v GeCp Vg Vg Ve ™34
v GeH Ny Vyg 7
& GeCn Vg Vg Va2
b GeH, B
& CGeH Vg Vo g Vg Vay
T Vo g Vzg M1z Vs

*For (CF,);GeHD (C.): a;, by—>a’, a;, b,—>a".

(CF»),Ge(H, D),

The CF stretching region clearly differs from
that of (CF;):GeX,[2] in that four well-separated
i.r. absorptions are observed. The highest coin-
cides with a polarized Raman line and is assigned
to . The Raman spectrum shows a second dis-
tinct peak at 1168 cm ™' coinciding again with an i.r.
band which is attributed to the second #,(CF;)
component, v,. The v, (CF;) bands presumably
occur in two groups, z,/zs at 1136 cm™" and viof 72,
around 1110cm™. In the Raman spectrum these
modes give rise to a very broad, weak feature
which extends from ca. 1070 cm™ to the peaks of
2 and V.

As in all CF; compounds a strong polarized
Raman line is characteristic for §,(CFs), v4. Due to
the presence of the strong GeH. wagging mode at
720 cm ™, the corresponding i.r. band is not detec-
ted in (CF;),GeH,, whereas it is clearly present at
730cm™" in the D, species. In the i.r. spectrum of
the mono-deuterated compound »y appears as a
shoulder of an absorption at 724cm™' which is
ascribed to v, and which obviously has gained
intensity by mixing with the strong absorption at
688 cm .

The 8,.(CF;) fundamentals display an interesting
vibrational coupling. The a, component does not
interact significantly with other modes and is
ascribed to the weak Raman band around
530cm™', which becomes clearly visible in the
low-temperature spectrum. The relatively strong
i.t. band of (CF3),GeH, at 548 cm™ must be
assigned to vy, which is blue-shifted by mixing
with v, at 454 cm™". The large isotope shift of vy,
will remove the coupling for the deuteride. For
this species, however, strong mixing with 1:1
sharing of intensities occurs for the b, modes v,
and vy at 494 and 541 cm™'. In (CF;).GeH,, v, is
too far away to interact, and thus », is assigned at
516 cm™'. A similar situation holds for the 2, mode

vis Which is assigned to the Raman band at
510cm™', which, however, disappears from this
position in the deuteride due to mixing with »,; at
445 cm™'. The mixed HD species will exhibit less
pronounced coupling patterns. The strongest in-
teraction occurs for the a" component (v,,) caus-
ing a slight blue-shift of the main Raman band to
535cm’.

As in (CF;),GeX,[2] extensive coupling deter-
mines the »(GeC) and p(CF,) modes. The a, pair is
easily recognized as polarized Raman lines at 315
and 250cm™. The second pair of b, symmetry,
Va:(GeC) at 324 cm™' and »y5 at 203 cm ™', interacts
much less, only small H/D shifts being observed.
The a, mode r; is expected close to v and is
assigned to the almost coincident, very weak
depolarized Raman line at 206 cm™', which exhi-
bits, however, an isotepe shift differing distinctly
from that of »,;. No direct evidence is found for
¥i7. Due to coupling with vy, the b, rocking modes
should show marked H/D shifts. An overtone with
such an isotope shift is observed at 1410cm™
which could originate from a combination with a
CF stretch.

The GeH(D) stretches exhibit distinct i.r. band
contours, type C with a rather broad @ branch for
vig, and type B with PQQR structure for vs. The
average values of »; and pi match well the
frequencies of the isolated GeH and GeD stretches
in (CF:),GeHD. Especially the asymmetric stret-
ches experience large phase shifts, the Raman
frequencies being blue-shifted by 10em™. The
skeletal deformations are very similar to those of
GeH;Br, and GeD,Br;[7], major differences only
being caused by interactions with §,,(CF,;) modes
(see above). A slight deviation from C,, symmetry
is indicated by the i.r. activity of the a, band, »,s,
which gains considerable intensity when the
symmetry is lowered to C, in the mixed HD
species.
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Table 2. Infrared gas and Raman liquid frequencies of (CF;),Ge(H., D) [cm:‘]

(CFy }, Gef,

{CFy ), GeHD

(CFy ), Gely

i.r.(gas) Raman(liqg,) i.r.(gas) FRaman(lig.) i,r.{gas) Raman{liq.) Assigrment *
75 Wb 7om 75 wo 78w 7% wh 7B w va
203 « 200 w 197 w vas
206 vw 205 vw Vig
248 vw 250 vsp 248 vw 250 vsg 2h8 vw 250 vsp Vg
315 sp 314 sp 313 sp Vs
324 s 323 sh 322s 321 sh 321ls 320 sh Vo
454m 458 w 399 w 405 vw 375 m 378w N
L68 m 465 w 445 w Lhbm viy (Dy)
(508 sh) 510 w Gl 5 405 vw vy (Og)
516 w 516w & ¢, ©
{530 sh) 530 vw b35 wb 532 vw ag”t3
S4B w 55C w *
94l s S4lw var (D)
B4l yw EEZ m Vi
607 m-s ECEm vg (L)
673 w 672 sh 673 w
720 s 720w 688 = 588 w vay
728 vp 724w © 727 sp 730m 727 sp Ve svea
846 m-s 643 mp 753 m-s 752 wp vy
797 vw 802 vw Vg Vg,
850 vw ve vy
BYT vw 877 vw
916 vw 922 vw 921 w Yaa AT tVas
974 vw 977 vw 977 v Saa/ vartig
3998 vw 1000 vw 10QC vw Ng=Vag
1054 w 1055 w 1053w Vy =V
11c6 s 1105 s 11C8 s Vg,
lile-s Wiomes 111¢ m-s 5 Yig
1136 vs R 1135 vs ve 1135 vs 1120 vwb Ve pves
1168 vs 1163 w 1187 vs 1167 w 1167 vs 1167 w Vaz
1156 s 1195 wp 1196 s 1195 wp 1136 s 1154 wp Vg
1235w 1258w 1262 w & _+b_ (CFy)
1296 vw el
1232w 1325w 1327 w vy +Vz
1371 w 1369 w 1367 w Vaz+t¥as
1410 vw 1398 vw 1392 vw (vs +v19) ©
1450 vw 1450 vwb 1450 vw vy Vg
1487 vw 1487 vw 1LHTY vw vat¥yg
1522 vw vatvgg
1 B -
]gzggﬁgm 44 sp wy (Dy )
1550 s 1546 sp
1559 s 1670w vag(D;)
1570 vw vy iy
1645 vw 1640 sh 1638 vw
1675 vw 1665 vwb 1670 vw w(CFy )+b, (CFy)
1725 vwb 1719 vw as
1782 vw N
1838 vw 1835 vw 1838 vw Ny otV
1856 w 1855 w 1856 w Ny gy
1896 vw 1895 vw 1895 vw v, Ny
16924 vw 1924 vw 1926 vw Ng +Va,
2042 vw Vg Vg
B 21500 "
2161 s 2170 w 215% s 2160 op v
2224 m 2223 m 2222 m 2vqip
2252 w 2250w 2248 w Vig ¥V
2274w 2274w 2272w Vg1 +Vaa
2295 w 2293 w 2292 w Vy4vaa
2331l m 2331 m 2331 m 2vpy
2380 m 2358 m 2358 m vetvaz
2389 w 2330 w 2390 w 2vp
2594 vw 2550 vw VotV g
2695 vw 2E80C vw Vet g
280k vw Yoy +vea
2856 v 2830 vw Vo vy
2994 w 2854 vw VgtV g
32680 vw 3288 vw 2674 vw Vo g
3350 vw 3345 vw 2754 vw Vp 49y g
3064 w 2v, (Tp)

*Uniess otherwise quoted the assignment is given for (CFy),GeH;. ®*Overlapped by strong GeD,

band. “See text.

(CF3):Ge(H, D)

The (CF3):Ge part of the spectra is very similar
to those of other (CF,),GeX derivatives{3] with
only minor deviations due to the light mass of
hydrogen. The CF; stretch region is characterized
by four ir. bands, whereas the Raman spectrum
shows a polarized line (»,) and a broad feature
extending from 1100 to 1200ecm™". The strongest
ir. absorption at 1167 cm™' which corresponds to

the maximum of the Raman band is assigned to
vi4. The Raman band contains a shoulder at ca.
1180 cm™' which might originate from ;5. As in
ref. [3] the bands at 1131 and 1155cm™ are
ascribed to », and v, respectively. The a» mode,
vo, 15 not observed directly. The combinations and
overtones, however, suggest a value of ca
1110 em™". Similar to (CF;),GeH, and CF;GeH,[1].
upon deuteration one set of the degenerate 8,
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Table 3. Infrared gas and Raman liquid phase frequencies
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of

~ (CF;4Ge(H, D) fem '}

(CF, )y GeH {CF, }3GeD
if.r. (gas) Reman (liq.) i.r. (gas) Raman (1iq.) Assignment 2
73 sh 75 m 72 sh Thm Vi
82 mb 80 ob \g
202 m 205 vw 199m Nig
238 w 241 vsp 238w 241 vsp g
251 vw 253 m 251 vw 252 m Vi
323 s 320 mp 322 3 318 wp vy
343 vs 341 m 340 vs 338w Va1
375w
470 s LE8 w vay (D)
512 m 515 vw Min
525 sh 827 w 532 w Nyt
537 m 539 vw v (L)
839w Vaig tVq
580 vw 575 sh Vg *Vaq
597 w 607 w VaotVay
667 w Vg4V
679 vs 676 m Va3
731.5m 731 sp 730 sp v,
735 m i m vy g
760w V3 +V,
330w 930 w Va tVag
375 vw 974 vw vy vy
1050 w 2v,
1077 m 1073 m vy +Vg 4
1121 s 1131 s Vi
1155 s 1154 s Ve
1167 ve 1160 wh 1166 vs 1160 wb Vi
¢a.1180 sh ca, 1180 sh Vg
1206 5 1205 vwp 1206 8 1205 vwp v
1242w 1240 sh ViatVag
1256 m 1260m vy +Y,
1337 m 1334 m Vig+Vyg
1367 w 1365 w iyt
1409 w 1407 w VgV,
1420 sh Viat+Yi0
1452 sh 1448 w Vg +Vy
1464 w 1464 W Wiyt
1509 vw 1507 vw VitV
1556 5 (PGR) 1562 wp v (D)
1640 vwsh lgég vw
1660 w 1 w
1630 sh 1665 sh V(CFy Job, 5 (CFs )
1735 wwb 1735 vw
1841 w 1841 w Vg +uy,
1852 w 1862 w Ny +Vy
1877 w 1874 w vy Y,
1897 w 1897 w My HVa
1539 wvw 1939 w vy +V,
2019 vw Myt
2160.5 s(PQR) 2168 mp vy
2241 m 220 m Ny Py
2274 m 2272 m MgV
2200 m 2500 m V1
2320 sh 2320 sh 2y,
2369 m 2369 m Vg Vg,
2409 vw 2409 vw 2vg
2478 vw g+
2606 vw ATHPEVN
2760 vw g Vg
2826 w Vo 4V, g
3078 vw 2y,
3310 vw Vr Yy,
3360 vw Vg vy

"Unless otherwise quoted the assignment is given for (CF;),GeH.

modes is shifted from 312 to 537cm™ by inter-
action with the GeH rocking vibration, vs;, which
decreases from 679 to 470cm '. The Raman band
at ca. 527 cm™' presumably contains both the a,
and the second e set, which experiences a small
blue-shift in the deuteride. The two degenerate
p(CF3) modes are clearly detected as i.r. {») and
depolarized Raman bands (vs). As in all (CF,),Ge
compounds, the a, component is strongly coupied
to the r.(GeC) stretch, both appearing as polarized
Raman lines. All these modes are hardly effected

by deuteration because the e species are separated
by more than 200cm ' from the closest H depen-
dent vibration (»,;) whereas the a, vibrations are
influenced by the small mass difference only. The
v,,(GeCs) mode at 340cm™' will involve small
contributions from v, in the deuteride resulting in
an isotope shift of 3cm™'. The GeC; deformations
are observed at ca. 80 cm™'. Following the normal
coordinate analysis the main ir. absorption is
attributed to vy, whereas the low-energy shoulder
coinciding with the Raman band is assigned to vy,
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Fig. 1. Raman polarization spectrum of (CF,),GeH,.
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Fig. 2. Raman polarization spectrum of (CF;);GeH.

The torsions are expected in the region below
50 cm™" which was not investigated.

The only i.r. absorption exhibiting a pronounced
PQR structure is found for the Ge-H(D) stretch,
7, the calculated value (8.9cm™") being in good
agreement with the experimental value of 9 cm™. As
in {(CF;),GeH; the liquid phase (Raman) frequency is
significantly higher than the gas phase value.

NORMAL COORDINATE ANALYSIS
Since structural data are not available, the

geometrical parameters were those employed for
CF,GeH,[1] with tetrahedral angles at the Ge
atom. The input force field was transferred from
CF;GeH; and (CF;),GeX;[2], and refined for ail
isotopic frequencies simultaneously[9]. Interaction
constants of the CF; groups were fixed at the same
or similar values. Interactions between different
CF; groups were limited to non-zero elements
(FCGe/F'C'Ge).

As a consequence of the idealized geometry,
anharmonicities (e.g. GeH) and the artificial limi-
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tation of non-zero elements of the force field, the
calculations were not expected to match all vibra-
tional patterns exactly. For example, the splitting
of the CF stretches is reproduced only qualitatively
because all CF bonds were assumed to be equal
and no interactions bevond those used in CF;GeH;
were taken into account. Calculated and experi-
mental fundamentals are listed in Tables 4 and 5
for (CF5).,Ge(H, D), and (CF;)»Ge(H, D), respec-
tively. A selection of the final force constants is
given in Table 6. In genera!, the potential energy
distribution is very similar to that given for
CF,;GeH.[1], including typical coupling patterns
like the interactions of FCF and CGeH defor-
mations.

DISCUSSION

To a good approximation the vibrational spectra
of triluoromethylgermanes may be considered to
consist of rather independant CF; and skeletal
modes, the latter being almost identical to those of
bromogermanes, Br,GeH,_.[7.8]. The only
significant interaction between these modes is
found for the 8(CGeH) and 8,.(CF;) coordinates,
especially in the deuterated species. In contrast to
the vibrations of methylgermanes[11], which pos-

Table 4. Calculated and. experimental

sess nearly uncoupled fundamentals, bond
strengths are not directly related to frequency
values but rather can only be divined by a detailed
normal coordinate analysis. This is especially true
for the evaluation of the GeC bond strength if
more than one CF; groups are present because the
GeC stretches strongly mix with the rocking
coordinates of the same symmetry.

In general, the force constants found for the
series (CF;),GeH,_, are consistent with the trends
observed for the corresponding trifluoromethyl-
germanium halides, (CF;),GeX, ,[3]. The GeC
force constants, 2.25+0.04Ncm™', are clearly
lower than those of their methyl counterparts,
(CH,),.GeH,-,., which are calculated to be 2.68 +
0.04 Ncm™'[12,13]. Whereas increasing methyl
substitution decreases the weighted average
frequencies »(GeC) slightly from 398 to 592cm ™',
f(GeC) increases from 2.21 to 230 Ncm ™' in the
series CF,GeH,[1] to (CF,4),Ge[14] (Table 6). The
bond strengthening effect of the electron with-
drawing CF; group is also felt by all other bonds;
e.g.. f(CF) increases by ca. 0.15Ncm .
Throughout the hydride series a rather high inter-
action constant f(CF/CF) of ca. 094Ncm' is
calculated, which previously[3] was attributed to

vibrational frequencies of

(CF3);GeH,D,_,

(CFy ), GeH,

(CFy ), GeHD [CF; ), GeD,

vk,ﬁf calc. exp. calc. eXP. cale. exp.
Y 1 11325 1136 1135 1135 1134 1135
2 1151 1196 1:91 11386 1191 1196
3 532 530 532 (535) 532 (532)
4 728 728 728 727 728 727
5 3l 31% 312 314 310 313
5 249 250 248 250 249 250
7 2156 2145 2164 2153 1533 1541
8 79 79 78 78 78 78
S 846 846 751 753 608 507
ap 10 1115 (1ll1l1i) 1114  (1110) 1131 {1110)
11 508 510 538 (532) 53¢ (532}
12 208 206 208 -- 207 205
i3 £51 652 468 468 446 445
14 29 -— 25 - 29 --
b, 15 1129 1136 1125 1235 1127 1135
16 347 548 534 (535, 532 (532)
17 257 - 243 - 231 -—
18 2168 2181 1541 1550 1551 1559
19 453 45 4Q0 399 376 375
20 36 - 35 - 36 -
ba 21 1114 1106 1114 11c5 1108 11cs
22 1169 11€8 11698 1167 1169 1167
23 513 516 512 516 493 494
24 722 - 722 724 722 -
25 200 2C3 159 200 197 157
26 324 324 322 322 z21 321
27 716 720 690 588 c51 541
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Table 5. Calculated and experimental vibrational
frequencies of (CF,);GeH and (CF;)GeD

(CF; )5 GeH (CF, )3 GeD
vy k= cale. eXp. calc. exp.
2, 1 1139 1155 1159 1154
2 L2007 1206 1207 1206
3 528 —— 528 -
4 729 752 729 730
5 323 323 322 322
& 242 241 242 241
7 2172 2161 1547 1556
3 81 82 =2 80
8, 9 1111 - 1111 -
10 518 - 518 -
11 216 —- 216 --
12 28 - 28 -
e 23 1133 1131 1128 1131
1 1136 1167 1136 1166
15 1178 {1180) 1177 (1180)
16 513 512 339 D37
17 526 527 529 52
18 721 735 721 734
19 202 202 196 199
20 293 2535 253 252
21 345 33 540 340
22 7z 75 75 74
23 678 679 471 470
24 30 - 30 -

the lack of #-backdonation of the X (=H or CFs)
substituent.

The best picture of the GeH bond is drawn from
the isolated GeH stretch freguencies of the species
(CF3),GeHD;_,, which increase from 2112.5¢m ™"
in GeHDs[8] to 2136cm™' in CF:GeHD,,
2153¢cm™ in (CFy),GeHD and 2160.5cm™" in
(CF;);GeH. In contradistinction, the averaged
GeH frequencies drop from 2080 to 2045 cm™' in
the analogous methyl series. This large range sug-
gests that the GeH stretches, which are essentially
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undisturbed, may be used as a sensitive probe for
substitutional effects. Force constant calculations
on triflutoromethylgermanium halides have shown
that CF,/X (X =C1 or Br) substitution scarcely
influences either the GeC or the GeX bond while
replacement of a CF; group by fluorine was found
to strengthen both bonds. The GeH bonds,
however, do not follow this pattern. In
trifluoromethylgermanes all GeH stretch frequen-
cies clearly exceed those of the corresponding
chlorides Cl,GeH,_, (v,.GeHsCl 2125.9{8]. w..
GeH,Cly 2142.5[15], »GeHCl, 2155.7 cm™ ' [16]). In
CF,GeHD,, »(GeH) even occurs at a higher
energy than »,(GeH) in GeH;F (2128.0 cm™ [8]).
Similarly, almost the same values are observed for
(CF;),GeH and (CF,),FGeH (2162 cm™'[17]). This
data may be rationalized in terms of a basic
difference between a CF; group and a halide.
While halides are capable of w-backbonding, the
CF; group will not reduce a positive charge on the
central atom effectively. Considering CFs/F sub-
stitution the higher inductive g-effect of fluorine is
cancelled or even overridden by w-electron back

_donation as is indicated by the comparison of

CF;GeH; and FGeH,. Since hydrogen will not
participate in s-bonding, this case is expected to
display an extreme CF./F substitutional effect;
consequently a “normal”, but still very small GeH
frequency shift, is observed for the pair
(CF;):GeH/(CF+)»FGeH. In molecules with com-
peting fluorines such as F;GeH, (w{(GeH)
2164.5cm™'[17]), the amount of backbonding per
bond is lower and the total inductive effect of the
flucrines apparently dominates. From another
point of view, which does not necessarily make
use of ar-bonding, the electron distribution may be
estimated utilizing the electronegativity equaliza-
tion procedure (EESQOP([I8]). Taking the elec-
tronegativity x in terms of partial charges 8, (x =
a + bd), the basic difference between CF; and F is
implied by the factor b = dy/d5 which is larger for

Table 6. Selected[10] inner force constants [Ncm™'] of (CFs),GeH,_,

(n=1-4)*

f CFyGedyl1] (CFy )aGeH, (CFy )yCeH (CF, ), Gel 142
GeC 2.211 2,25 2.27 2.30
GeH 2,700 2.743 2,762 -
CF 5,658 5.75 5.82 5.85
@ 1.736 1.7C 1.72 1.52°
B 0,652 0.71 0.68 0.70 ¢
Y 0.413 C.40 .- -

[ 0.458 0.4k .42 --
£ - 0.56 0.54 0,48 "
T 0.04 C.04 C.0b -
GeC/GeC - 0.12 0.12 0.11
CF/CF 0.537 =T 0.%93 0.96
GeC/CF 0.C68 0.07 0.C7 0,06

“Scaled to 100pm. ba = FCF, 8=FCGe, y=HGeH, § =HGeC, €=
CGeC, r =torsion. °f, symmetry force constants.
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Table 7.
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EESOP* calculated partial charges of fluoro- and

trifluoromethylgermanes

-1
bee by bFJBCF’ v(Ged)[cm™ "]

CF,GeH, 0.020 ©.081 -0.283 2136
FGeHy 0,009 0.075 -0.233 2128
(CFy )pCeH, 0,094 0,120 -0.187 2153
¥, GeH, 0.117 0,132 -C,191 2164,5
(CFy )5 CeH 0,147 0.148 ~0,098 2160,5
(CFy ), FGeH  0.18% 0.158 -0,172/-0.075 2162
Fy GeH 0.15% ~0,144 -

0.236

*xcr, = 9.6+ 5.32 8¢, [19], xo. =B.07+6.82 g, xr=12.18+17.36

Sk, xu = 7.17+ 12.85 5, [18).

the fluorine atom (Table 7}; that is, the four atoms
of the CF; group accommodate charges much
easier than a single fluorine atom does. The partial
charges given in Table 7 were calculated employ-
ing the values for ycr, which was derived from
ESCA data on trifluoromethylgermanium
halides[19]. In accordance with the GeH stretch
frequencies the calculations indicate that the posi-
tive charges on Ge or H are higher in CF;GeH,
than in FGeH; whereas the opposite is true for
(CF5),GeH; and F,GeH.. Similarly, slightly higher
charges are calculated for (CF;);FGeH than for
(CF,):GeH.

In general, the conclusions based on the vibra-
tional spectra are reinforced by the analysis of the
photoelectron spectra[20] in that both core and
valence levels become more stabilized upon in-
creasing CF, substitution while a relative des-
tabilization with respect to their methyl analogues
1s deduced for the orbitals mainly associated with
GeC bonding.
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