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Vibrational Spectra, DFT Calculations, Unusual Structure, Anomalous CH Wagging and
Twisting Modes, and Phase-Dependent Conformation of 1,3-Disilacyclobutane
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Our previously published infrared and Raman spectra of 1,3-disilacyclobutane (13DSCB) and itsds,1,3,3-
isotopomer have been reexamined and partially reassigned on the basis of DFT and ab initio calculations.
The calculations confirm previous microwave work that the CSiC angles in the ring are unexpectedly larger
than the SiCSi angles. This may arise from the partial charges on the ring atoms. The calculations are in
excellent agreement with the observed spectra in both frequency and intensity. They also demonstrate that
this molecule has CHwagging and twisting vibrations with frequencies below 1000 trabout 200 cm!

lower than expected. These unprecedented low values can be explained by the decreased slope in the potential
energy curves for these vibrations as the sideways motions of theg@ips result in attractive forces
between the positively charged hydrogens on the carbon atoms and the negatively charged hydrogens on the
silicon atoms. The theoretical calculations also confirm the previous conclusions that the individual molecules
(vapor) haveC,, symmetry whereas in the solid the molecules become planar Dgthrsymmetry. The
vibrational coupling between the ring-angle bending mode and the i8iphase rocking, which is present

for the C,, structure, is forbidden fob,, and hence disappears.

Introduction spectra here and compare these to calculations in this work. To
the best of our knowledge, no other laboratory has ever prepared
this molecule and hence the only experimental data for 13DSCB
come from our earlier work. This is not surprising as the
preparation of the molecule is very difficult, involving high-
temperature pyrolysis.

In 1977 we reported the first synthesis of 1,3-disilacyclo-
butane (13DSCB) and studied its far-infrared spectra in order
to determine its ring-puckering potential energy functidie
showed that in the vapor phase, this four-membered ring
molecule is puckered with a barrier to planarity of 87 ém
(0.25 kcal/mol) and a dihedral angle of 2400n afterward, .
we presented a detailed analysis of the infrared and RamanCOmputations
spectra of 13DSCB in its vapor, liquid, and solid (frozen at 77

g) pr(‘alﬁig)';%ecbas(isuﬂ(zg% C;?jé?g:ecsalgﬁ?tiﬁrsufog btﬁt(: packagé. The structures of 13DSCB for its puckered form and
20 (pian %2, (P . . gn its restricted planar form were calculated using the second-order

observation of_V|brat|onaI coupling, which changed dramatically 1s/ier—pPlesset perturbation theory with the trigiebasis set

upon deuteration of the molecule, we were able to demonsrrate(MPZ/CC-PVTZ) and also using coupled cluster theory (CCSD)

thaat l.Wh'_'g the m(_)licule has ?2” confprrrtl]atlor;_(;ok/lt_he Vapor- yith the 6-31#+G(d,p) basis set. DFT calculations were also
an d_quI fs;]a_ltes, '} e%;mesfp ané()j@(g]mt eso'd |crowav;:' carried out using six different basis sets, all of which gave
studies of this molecute confirmed the puckered structure for — gjijar yesults for the vibrational frequencies. The calculated

the vapor and also showed unexpectedly large CSiC angles forge,ency values and the computed spectra presented here are

13DSCB. In order to confirm our previous assessment of theseg. )11 o B3LYP/6-31%+G(d,p) basis set. For scaling factors
conclusions, we undertook ab initio and density functional theory we used 0.964 for frequenci,es over 1806*érand 0.985 for

(DFT) calculations for 13DSCB and ith isotopomer. Thishas  ,0se pelow. From previous wdrk® we have found these

not only a]lowed us to better yndgrstand the. structure and thefactors for this basis set to fit experimental data extremely well
conformational changes and vibrational coupling, but it has also (typically within 5 cnm?).
shown us that this molecule has &agging and twisting Structures. The calculated structures of 13DSCB for@s
modes which have unusually low frequencies. These results will : . i
be reported here. (puckered) andz, (planar) cqnformatlons are shown in Figure
1. The puckered structure is the most stable form for non-
interacting molecules, and this is calculated to be 160%cm
lower in energy than the planar molecule. The experimental
The spectra, which were recorded on a Digilab FTS-20 high- value is 87 cm®. The computed dihedral angle (Figure 2) is
resolution vacuum spectrometer, have been in part previously23.6°, which agrees well with the experimental valud 24°,
published and presented in a Ph.D. thesignfortunately, the especially in light of the fact that this is a non-rigid molecule
original journal reproduction of the spectra were extremely faint with a large amplitude ring-puckering vibration. Table 1 lists
and difficult to see. Therefore, we will reproduce several of the the calculated rotational constants for 13DSCB and ifs d
isotopomer, and those for the latter are compared to the
* Corresponding author. experimental microwave valué4.No microwave work was
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All of the calculations were done using the Gaussian 03
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TABLE 1: Rotational Constants (GHz) and Structural Parameters of 13DSCB-h and 13DSCB4,

Rotational Constants

13DSCBh, 13DSCB4,
MP2/ CC-PVT Z B3LYP/ 6-31++ G(D,P) MP2/ CC-PVT Z B3LYP/ 6-31t+ G(D,P) experimental
C21/ D2h C21: D2h CZL’ D2h C21,f D2h CZ:/

7.2227598  7.1834176 7.1805493 7.1748016 6.6694736  6.6320036 6.6280897 6.62 18617 6.67934814
4.0309313  4.0157067 3.9619868 3.9561814 3.3697376  3.3496200 3.3068958 3.30 07636 3.39634528
2.9109464  2.8360646 2.8241468 2.8059108 2.6265841  2.5605183 2.5481049 2.53 20080 2.62452175

O m>

Parameters (in Angstroms and Deg)

parameter MW DFT® TZ4 parameter MW DFT® TZ4
lc-si 1.896 1.910 1.901 [fom 1.09 1.090 1.092
desic 923 91.2 90.2 s 1.48 1.488 1.482
OLHSiH 108.3 108.6 108.8 OLHCH 109.0 108.1 108.9

aRef 4.° Microwave (calculated); ref £B3LYP/6-31H-+G(d,p).¢ MP2/CC-PVTZ.© Microwave (assumed); ref 4.

Figure 2. Dihedral angle of puckered 13DSCB.

A very interesting feature of the 13DSCB structure is that
the CSIiC angles are larger than the SiCSi angles. This was first
observed in the microwave work where the CSiC angle was
reported to be 92.3% 0.23. The calculated value here is 90.0
and the SiCSi angle is 87.6This is counterintuitive, as the
CSiC angle is expected to be more flexible as it has a smaller
force constant. However, Kubota et®alationalize this result
in terms of “bent” C-Si bonds. Another possible explanation
involves the partial charges on the ring atoms. As discussed
later, the carbon atoms have greater partial negative charges
(—0.49) than the silicon atoms have partial positive charges
(+0.35). Hence, the carbon atoms will have a tendency to push
each other further apart than do the silicon atoms, thereby
expanding the CSiC angles.

Assignment of Spectra. Figures 3 and 4 compare the

D, calculated infrared and Raman spectra, respectively, of 13DSCB
Figure 1. Calculated structures of puckere@,) and planar Da) to the experimental liquid-phase spectra. The vapor-phase
13DSCB. spectra, which are expected to give better frequency agreement,

are not shown since the vapor-phase band shapes tend to
done for the hisotopomer since there was insufficient sample. disguise the intensity correlations. Figures 5 and 6 compare the
The A, B, and C rotational constants for tlg, structure of calculated and experimental spectra for the 13DSCB-1,1,3,3-
the d; molecule were calculated to be 0.2223, 0.1123, and d4 isotopomer. As can be seen for all cases, both the frequency
0.08755 cm?, respectively, in excellent agreement with 0.2226, and the intensity correlations are excellent. Tables 2 and 3
0.1132, and 0.08748 crh from the microwave. While the  compare the calculated frequencies for both isotopomers to their
calculated A and C constants differ by only about 0.1% from experimental vapor and liquid values. Several of these have been
the experimental values, the 0.8% difference in the B constant reassigned based on both frequency and intensity correlations
reflects the small difference between the calculated and observedor the C,, structures. These will be discussed below in more
dihedral angles of puckering. Thgmoment of inertia, which detail. The solid-state spectra, which correspond to Dhe
has its axis passing through the two carbon atoms foDiae planar structure, will also be discussed later.
structure, is most affected by the value of the puckering In order to confirm the new vibrational assignments, we
coordinate. Table 1 also compares the bond distances and anglesxamined the infrared and Raman bands which were calculated
reported in the microwave work to calculated values from our to be the most intense, and we compared these to the observed
study, and the agreement is very good. spectra for both types of spectra for both molecules. These
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Figure 3. Infrared spectrum of liquid 13DSCB compared to its Figure 5. Infrared spectrum of liquid 13DSCBs;tcompared to its
calculated spectrum. calculated spectrum.
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Figure 4. Raman spectrum of liquid 13DSCB compared to its Figure 6. Raman spectrum of liquid 13DSC#- compared to its
calculated spectrum. calculated spectrum.

frequencies for these bands are shown as bold numbers in Tableto assign without these computations. Previodstile CH

2 and 3, and a remarkably good correlation can be seen. Thewagging and twisting were assigned near 1260 and 1120,cm
agreement is such that every infrared and Raman band calculatedespectively, based on weak infrared and Raman bands. Colthup,
to have substantial intensity in fact does appear prominently in Wiberly, and Daley* state that these modes in general for
the spectra very close to the predicted frequency value. Thissubstituted cyclobutanes should be in the 1224820 cn!
excellent agreement for these intense bands is especiallyrange for the wags and 1250050 cnt? for the twists. For
important because, as Tables 2 and 3 show, the calculated CH SiCH;R groups the wag is stated to be in the 128@00 cnt?
wagging and twisting frequencies, which mostly have very weak region. On the basis of the DFT calculations, however, for
intensities, are at unexpectedly low values. Conventional wisdom 13DSCB these modes are approximately 200 tlower, and
places these in the 116A300 cnT! range with the wagging  the reason for this will be discussed later. The very weak bands
motions about 100 cni higher than the twists. However, near 1120 and 1260 crh previously assigned to the twists and
13DSCB has its calculated wags at 989 @nd 996 cm? (v2g) wags, are apparently overtone or combination bands. For
and the twists at 976v(;) and 935 cm? (v1). Except forvog example, the former is likelys + v (745+ 380= 1125 cn1?)
observed at 965 cm for the vapor as a strong infrared band, and the lateny + v3g (620 + 644 = 1266 cntl). For thed,

all of these are predicted to be very weak and thus were difficult isotopomer, the wags and the twists are calculated to be at 986
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TABLE 2: Vibrational Assignment (in cm ~1) of 13DSCBH, (Vapor and Liquid) @

symmetry vapor liquid caled

Don Ca n approx. description IR Raméan IR Raman Ca

Aq Aq 1 CH, sym. str. (ip) 2930 w 2931 (100) (2920) 2923 (20) 2951 (4, 626)
2 SiH, sym. str. (ip) 2155s 2156 (1000)  (2169) 2148 (1000) 2125 (140, 1000)
3 CH, deform (ip) 1373 (2) 1355 mw 1355 (5) 1396 (4, 18)
4 SiH, deform (ip) (965) 965 (11) 958 (32) 956 (7, 47)
5 ring breathing 745 m 745 (134) 742 m 749 (311) 728 (22, 109)
6 ring deform 380 mw 380 (47) 385 (16) 397 (8, 13)

Big Az 7 CH, wag (op) (965) (950) (958) 988 (0, 13)
8 SiH, wag (op) (745) (745) (742) (760) 747 (0, 91)
9 ring mode 620 (3) 617 (15) 609 (0, 8)

Bag B, 10 SiH, antisym. str. (op) (2155) (2156) (2169) (2148) 2129 (10, 450)
11 CH, twist (ip) (965) (965) (950) (958) 976 (9, 1)
12 SiH; rock (op) (380) (380) 429 (10) 406 (0.4, 6)

Bag B> 13 CH, antisym. str. (op) 2995 w 2989 (10) (2980) 2981 (44) 3004 (7, 287)
14 CH; rock (op)! (745) (745) (775) 760 (50) 762 (2, 61)
15 SiH twist (ip)d 442 mw 442 (3) (440) 460 (10) 469 (1, 10)

Ay A, 16 CH, twist ((op) (918) (928) 935 (0, 0.1)
17 SiH, twist (op) 555 (3) 571 (0, 0.2)

By Aq 18 CH, antisym. str. (ip) 2965 m 2950 (52) 2980 w (2981) 3003 (13, 90)
19 SiH, antisym. str. (ip) 2157 ws (2156) 2169 vs (2148) 2133 (709, 311)
20 CH, rock (ipy? ~780 ms 775 m (760) 792 (293, 4)
21 SiH rock (ip) 438 mw 446 (13) ~440 vw (460) 478 (38, 16)
22 ring puckering 56 56 54 (7,1)

Bou B, 23 CH, sym. str. (op) 2930 w (2931) 2920 w (2923) 2950 (21, 23)
24 CH, deform (op) 1363 mw (1373) 1330 mw 1384 (62, 1)
25 SiH, wag (ip) 905s 905 (1) 886 vs 875 (1) 893 (1000, 0)
26 ring mode (644) (620) (617) 636 (6, 0.2)

Bau B, 27 SiH, sym. str. (op) 2147 ws 2147 (44) (2169) (2148) 2117 (9383, 48)
28 CH wag (ip) 965 s (965) 950 vs (958) 996 (561, 0.1)
29 SiH, deform (op) 928 m 918 m 928 (5) 931 (493, 5)
30 ring mode 644 m 650 m 627 (135, 0.5)

aw, weak; m, medium; s, strong; v, very; ip, in-phase, op, out-of-phase. The intensities of frequencies in parentheses result primarily from
another vibration at that frequendy/Frequencies were calculated using B3LYP/6-8%1G(d,p) level of theory, and the values in the parentheses
are the calculated relative IR and Raman intensities respectiéblues in the parentheses are relative Raman intensitiésese vibrational
modes next to each other are strongly coupled.

TABLE 3: Vibrational Asignment (in cm 1) of 13DSCB4, (Vapor and Liquid) 2

symmetry vapor liquid caldd
Do Cy, n approx. description IR Raméan IR Raman Cy,
Ay A1 1 CH, sym. str. (ip) (2930) 2920 (53) (2925) 2925 (37) 2950 (0.6, 100)
2 SiD, sym. str. (ip) (1554) 1554 (100) (1549) 1555 (100) 1556 (0, 97)
3 CH, deform (ip) 1370 (3) 1368 vw 1363 (3) 1396 (0.6, 4)
4 SiD, deform (ip) (692) 695 (20) (678) 695 (7) 689 (0.1, 6)
5 ring breathing 754 (65) 730 m 750 (22) 730 (11, 13)
6 ring deform 441 vw 439 (23) ~420 vw 445 (12) 423 (3, 4)
Big Az 7 CH, wag (op) 940 (2) (940) 940 (1) 986 (0, 1)
8 SiD, wag (op) 546 (1) 555 (2) 549 (0, 4)
9 ring mode 620 (7) (629) 616 (0, 6)
Bog B 10 SiD, antisym. str. (op) (1576) 1579 (74) (1575) 1568 (50) 1573 (0.5, 39)
11 CH; twist (ip) (940) (940) 956 (0.01, 0.2)
12 SiD, rock (op) 332(2) 352w 330(2) 315(0.02, 1)
Bag B, 13 CH, antisym. str. (op) 2972 vww 2974 (4) (2982) 2985 (11) 3004 (1, 46)
14 CH, rock (op)' 635 (7) (640) 629 (12) 639 (0, 4)
15 SiD; twist (ip)? 428 (6) (420) 411 (4) 412 (0.03, 3)
Ay Az 16 CH; twist ((op) 894 (0, 0)
17 SiD; twist (op) (428) 450 mw? (411) 425 (0,0.1)
B AL 18 CH; antisym. str. (ip) 2950 vww 2941 (24) 2982 mw (2985) 3003 (2, 15)
19 SiD; antisym. str. (ip) 1576 vvs 1574 (17) 1575 vvs (1568) 1575 (75, 4)
20 CH, rock (ipy! (791) 795 (1) (780) 792 (1) 763 (22, 3)
21 SiD; rock (ip) 344 vw 344 (4) 360 vw 360 (1) 361 (3,1)
22 ring puckering 52 52 48 (1, 0.1))
Bauy B, 23 CH, sym. str. (op) 2930 vw (2920) 2925 mw (2925) 2950 (3, 4)
24 CH, deform (op) 1339 m 1340 mw 1384 (10, 0.2)
25 SiD, wag (ip) 543 m (546) 548 m (555) 533 (7, 0.02)
26 ring mode 791 vww (795) 780 s (792) 771 (100, 0.1)
Bsu B 27 SiD, sym. str. (op) 1554 vvs 1556 (15) 1549 ws (1555) 1548 (86, 1)
28 CH, wag (ip) 951 vwvs 943 s (940)
29 SiD, deform (op) 692 vvs 685 (4) 678 s
30 ring mode 629 m (620) 640 m (629)

a See the footnote of Table 2 for abbreviations.
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H_0.06 <—/H+0_13 Ho.06 H_0.06 +0 13 Hoos z—éA%)E 5: Vibrational Assignment (in cm %) of 13DSCB4,
oli
\ / \ 0 49 / symmetry solid calcdl
+0 35 \ '+0.35 Vi 0.35 \ '+0.35 D2n v approx. description IR Raman D2n
/ \ / \ Ag 1 CHsym.str. (ip) (2920) 2920 (63) 2954 (0, 100)
H-0.05 "o H 0.05 "oz 2 SiDysym.str. (ip)  (1549) 1555 (100)1554 (0, 91)
Moo Mloos 3 CH, deform (ip) 1357 m 1355 (8) 1394 (0, 3)
CHy twisting CH, wagging 4 SiD, deform (ip) (672) 688 (15) 689 (0, 6)
. . L . . . 5 ring breathing (740) 740 (101) 733(0, 15)
Figure 7. SiH; twisting and wagging vibrations of 13DSCB and the 6 ring angle bending 406 (25) 400 (0, 4)
partial charges calculate_d for each atom _from the B3LYP/6+31G(d,p) By 7 CH wag (op) (940)  (945) 987 (0, 1)
calculation. The attraction between unlike charges lowers the frequen- 8 SiD,wag (op) (560) 555 (1) 553 (0, 4)
cies of these two vibrational modes. 9 ring mode 617 (6) 619 (0, 6)
. . . . Bog 10 SiD;antisym. str. (op) (1570) 1564 (56) 1570 (0, 40)
TABLE 4: Vibrational Assignment (in cm ~1) of 13DSCBhy 11 CH twist (ip) (940) 945 (2) 953 (0, 0.2)
(solid)* 12 SiD, rock (op) 353vw 350 (2) 311 (0, 1)
symmetry solid calcd Bsg 13 CH antisym. str. (op) (2960) 2974 (56) 3001 (0, 50)
- o 14 CH rock (op)y 638 (59) 635(0, 4)
Dan v approx. description IR Raman Dan 15 SiD; twist (ip)? 420vw 419 (12) 413(0,2)
Ay 1 CHysym.str.(p)  (2925) 2918 (199) 2954 (0, 531) Ay 16 Chptwist (op) 891(0, 0)
2 SiHp;sym.str.(ip)  (2140) 2146 (1000)2124 (0, 1000) 17 SiDytwist (op) 450 mw 454(2)  429(0,0)
3 CH, deform (ip) 1360 m 1349 (11) 1395 (0, 14) B, 18 C_Hz antisym. str. (|p) 2960 m 2962 (19) 3000 (2, 0)
4 SiH, deform (ip) (955) 949 (42) 955 (0, 41) 19 SiD, antlsym. str. (ip) 1570 vs 1574 (13) 1573 (75, 0)
5 ring breathing 740 (500) 725 (0, 92) 20 CHrock (ipy 740m  (740) 751 (31, 0)
6 ringangle bending 419 vw422 (65) 417 (0, 19) 21 SiD; rock (ip)* 381 mw (406) 383 (6, 0)
By 7 CHywag (op) (955)  (949) 989 (0, 11) 22 ring puckering i
8 SiH,wag (op) (768) 767 (75) 754 (0, 75) Bay 23 CHysym. Str. (op) 2920 m 2925 (41) 2954 (4,0)
9 ring mode 607 (6) 608 (0, 6) 24 CH, deform (op) 1326 m 1383 (10, 0)
By, 10 SiH, antisym. str. (op) (2140) 2156 (55) 2126 (0, 430) 25 SiD; wag (ip) 560 ms (555) 535 (6, 0)
11 CH twist (ip) (955)  (949) 974 (0, 1) 26 ring mode 772s 770 (100, 0)
12 Sik; rock (op) (422) 401 (0, 6) Bsu 27 SiDysym. str. (op) 1549vs 1546 (84, 0)
Bsy 13 CHantisym. str. (op) (2968) 2971 (97) 3001 (0, 266) 28 CHywag (ip) 940s  (945) 989 (47, 0)
14 CH; rock (opy (767) 762 (0, 51) 29 SiD,deform (op) ~ 672s  (688) 683 (75, 0)
15 Sik twist (ip)? (465)  450(11) 468 (0, 7) 30 ring mode 640 m 614 (3, 0)
Ay 16 Chyitwist ((op) (928) 933(0,0) a2 See the footnote of Table 2 for abbreviations.
1 SiH, twist (op) 562 (1) 578 (0, 0)
B, 18 CH, antisym. str. (ip) 2968 w 2962 (62) 3000 (16, 0)
19 Sik antisym. str. (ip) (2140) 2162(8)  2128(852,0)  tg the negatively charged hydrogens on the silicon atoms. Hence,
;g (s:ﬁrr%f:kk((ﬁ); Zgg:\l 5176657217) 185(; ((i(;?b())) '_[his attra_ction bet_vveen opposite charges cou_n_ter_acts the__usual
22 ring puckering - ) i increase in potential energy away from the equilibrium positions
B 23 CHysym.str. (op) 2925w 2920 (146) 2954 (25, 0) of the CH, groups. The steepness of the potential energy curve
24 CH, def (op) 1338 m (1349) 1383 (67, 0) is thus decreased and lower vibrational frequencies result. A
32 Sinwag (ip) 8(86058)5 82? 7(1()85)7 8%53 gl(%o%,)O) previous study? which was carried out at the SCF level,
rng mode ¢ y :
Ba 27 Sithsym. str. (op) 2140 ws2140 (200) 2115 (920, 0) su_ggested that decreased frequencies for the_se types of modes
28 CH, wag (ip) 955 vs 994 (585, 0) might result, but here we see very c_Iear evidence for.these
29 Sitpdeform (op)  928s 927 (4) 931 (465, 0) unprecedented low values. The previous study also did not
30 ring mode 650s 646 (1) 627 (136, 0) calculate any Raman intensities so the correlations with the

experimental spectra were not easily done. Nonetheless, the
values previously calculated for the most part are within 15%cm
of our values presented here, although some of the CH and SiH
stretching frequencies differ by 40 cfor more.

Structural Conversion in the Solid Phase As we postulated
previously, 13DSCB converts froi@d,, symmetry (puckered)
to Doy, (planar) in the solid phase. Tables 4 and 5 compare the
calculatedD,y, frequencies to those of solid 13DSCB-and
molecule of 988 i, calculated) and 965vfg) cm™! and the -ds4. Since the vapor-phase structure for the independent molecule
twisting frequencies of 976wv(; calculated) and 935v(s is not planar, the calculated ring-puckering frequency is
calculated) are far below those typically observed. Notably, the imaginary.
CH, deformations at 1373v§) and 1363 %,4) cm™! and the Figure 8 shows the Raman spectra of the vapor, liquid, and
CHa rocks at 7604;5) and 780 f,0) are not outside their normal  solid 12DSCB-h and €, in the low-frequency region. The
ranges. The anomalous wagging and twisting frequencies candramatic change img, the ring angle bending, from 380, to
be understood by considering the partial changes on the385, to 422 cm? in going from the vapor, to liquid, to solid
hydrogen atoms attached to the carbon and silicon atoms, agphases can be seen. For tlig molecule, the corresponding
shown in Figure 7. The carbon hydrogens have positive partial values are 441, 445, and 406 thAt the same timer,;, the
charges while those on silicon are negatively charged due to SiH, in-phase rocking, has values of 436 (vapor), 440 (liquid,
the electropositive nature of the silicon atoms. The values for from the infrared), and 465 cm (solid) for 13DSCB-h and
the charges in the figure are from the ab initio calculations. 344, 360, and 381 cni (solid) for the €, isotopomer. The large
The sideways motions of the positively charged carbon hydrogenchange in the frequencies for the solid results from the fact that
atoms during a twisting or wagging motion brings them closer v andv,; are now of different symmetry speciesg(and By)

a See the footnote of Table 2 for abbreviations.

(v7), 991 (2g), 956 (r11), and 894 cm? (vie), respectively.
Again, all butv,g which is a very strong band in the infrared at
951, are predicted to have negligible intensity.

Anomalous CH, Wagging and Twisting FrequenciesAs
mentioned above, the GHwagging frequencies for théy
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13DSCB-h, 13DSCB-dy It is very reassuring that our assessment in 1977, based on force
2, Vapor constant calculations, was just the same, and now we have
reconfirmation of the phase-dependent structure of 13DSCB.

It should be added that we are aware of no other type of analysis
that could have been used to ascertain the structure and
symmetry changes of this molecule in the solid since it would
not have been possible to grow crystals of the molecule at low
temperatures for crystallography studies.

v,

s

Conclusion

Raman Intensity

13DSCB is a very remarkable molecule. It has apparently
only been prepared in our laboratory and that was three decades
ago. It has several highly unusual features. First, the CSiC angles
are larger than the SiCSi angles although the force constant for
the former is typically much smaller, and therefore these angles
should be able to accommodate the angle strain in the ring to
a greater extent. This is not the case, however, possibly because

600 om! 200 600 omt 200 of charge repulsions across the four-membered ring. Second,
Figure 8. Raman spectra of 13DSCiB-and 4, for its vapor, liquid, the Ctp wagging and twisting frequencies for 13DSCB are the
and solid (77 K) in the 200600 ™ region. lowest by far _of any that we are aware of. This results from
charge attractions between neighboring hydrogen atoms. In the
near future, we will provide further evidence for this effect in
500 other cyclic silanes. However, for 13DSCB, it is the most
vpy —AL dramatic. The third unusual feature of 13DSCB is its change in
iigzo)rog(kzg;ﬁ‘\ By, structure in the_solld phas_e. The DFT calculatlon_s be_zautl_fully
450~ ' e\ confirm our earlier conclusions about the changes in vibrational
\ coupling. The structural change itself is not so surprising as
smfi::i on) P '\.\ .y planar 13!Z)SCB molecules can obviouslly stack together bettgzr
cm-! N By AN E;(\Bﬂ B(r3). p22) in the solid than can puckered ones. Since the energy barrier
400 \}12 A *’T?;;. e between theC,, and theDan is so small (0.25 kcal/mol) for the
6 Ring deform Vood By individual molecules in the vapor, even tiny intermolecular
Ben. pes) W interactions in the solid phase can easily overcome this energy
AL difference between the two conformations. The effect on the
350 P2, Bi2o) spectra, however, has been very substantial.
p = SiHz rock \
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