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IMPROVED DETERMINATION OF BARRIER HEIGHTS FROM SELF-CONSISTENT
HARMONIC APPROXIMATION
Key Words: Torsional barrier heights
G.Dellepiane, L.Piseri and P.Bosi

Istituto di Chimica delle Macromolecole del CNR, Via Alfonso Corti,l2
20133 Milano (Italy)

In a preceding paper 1 we have given an explicit formula for
calculating the barrier height V3 for one-top molecules as a function
of the experimental torsional frequency and of geometry (see formula

20). We point out, however, that the actual expression for V, is gi-

3
ven in terms of the self-consistent harmonic torsional frequency w

as follows 1

2
vy = % /9F)exp (9F/2w%) (1)

Since the torsional frequencies W, and w, corrected to second

+1 +2
order by using the self-consistent harmonic approximation are given

by 2:
2
wo—>l = UJC - _8_1F_c (2)
32w
9F 1053 ¥
Yor2 T e T T T Teh w (3)

. . . . c .
one can derive, with a very good approximation, w as a function of

geometry, w and W, respectively:

o>l +2

2
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(4)
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In Table 1 the values of w, and Wy obtained from eqs. (2)

1 +2
and (3) and those from the solution of the Mathieu's equation are

reported. The two sets of data show generally a very good agreement.
For the last four medium barrier height molecules, the values of

w from eq. (3) shows a better agreement with the E+E transitions.

02

TABLE 1

Comparison between w, and W, from eqs. (2) and (3) and those

+1 2 )
from Mathieu's equation

Molecule F W, eqs. (2-3) Mathieu
CH,CH,C1 6.067 251.27 W, 250.9 250.8
486.48 485.9
0+2

CH,CH, BT 5.895 247.78 247.42 247.4
479.99 479.5
CH,CH, T 5.770 228.88 228.51 228.4
442.38 441.7
CH.SiH 8.217 183.69 182.76 Av. 182.6
33 242 84 A 332.6
' E 341.9
CH.GeH 8.106 158.40 157.35 Av. 157.1
33 A 275.7

291.74 .
E  291.4
CF.SiH 5.530 142.43 141.89 Av. 141.7
33 26588 A 265.2
: E  267.9
CH.NH 15.488 273.21 270.99 Av. 270.6

37 H)

497.13 A 458.6
E  498.2

(a) From ref. 1. All values are in cm



883

TORSIONAL BARRIER HEIGHTS

*b2 s,N2IY3IEN JO UOIINTOS WOIJ e
n69 €6°€/2 @ 2°g6% T .
169 €69 &V Z19 ¥ 069 LTV %8 TLT 9°8SY ¥ 9°0LZ AV 88%°GT an‘uo
€8y £6°T91 @ 6192 3 i
<8y 8LY AV Ly ¥ ngYy €9'OvT ¥V SZ°Zvl 2°59Z ¥ LTT91 AV 0ES'S a1stao
cey d 1€°86T 4 v 167 4 .
gey y1% AY 96€ zey 9°0ST V. 91°8S1 [°S1Z ¥ 1°LST AV 901°8 wantun
955 4 82°€81 d 6 1v€ & c .
85 €YS AV 165V 15§ 10°8L1 ¥ 6%°€9T 9°TEE V65 z8T AV [17'8 ms o
0ETT LZ11 6211 56" 822 [1°877 LTy v'877  OLL'S 1%utm
8871 9871 8871 S 19T <L LvT S 6Ly v L9T c68°S 1g%motmo
681 9871 8871 66057 117162 6' <8y 8057 £90°9 0%t
€ z € 1..¢ z 1 z«0 1«0
(M) A "m A ™ 5 5 iy iy a STNA3TON
2ABMOIDTW WOAJ 3SOY3 pUB oma .oH3 Wo13 pajenTead s3IYBILY aaTareq oYy3 usamldq uosiaedwo)

1102 Alenuer 0g Sz :¥0

¢ 479Vl

v pspeo jumog



04:25 30 January 2011

Downl oaded At:

884 DELLEPIANE, PISERI, AND BOSI

We wish to show that the values of V3 evaluated from eqs. (1)
and (4) are in better agreement with the MW data than those obtained
. , . c
in ref. 1 where the crude approximation w 7 wo+1 was assumed.
Moreover we would like to show that for those molecules for which
the fundamental torsional frequency is silent but the first overto-—
ne observed, the barrier heights can be evaluated according to eqs.
(1) and (5) of this paper. The results are collected in Table 2.

As far as w is concerned, a comparison between the values

+1

of V3 reported in columns 7 and 9 of Table 2 shows that the proce-

dure here suggested gives a better approximation than the one propo

sed in ref. 1. Regarding w the values of V3 (column 8) derived

oY)
from wzc are in very good Zgieement with those from MW for the first
three molecules. When the splittings of the A and E levels of the
second excited torsional state are not negligible, as for the last
four molecules in Table 2, the agreement with MW data is better for
the E+E transitions, as expected from the results reported in Table
1. Nevertheless, alsc for these molecules the everaged V, value can

3
be considered reasonable.
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