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ABSTRACT. Infrared absorption spectra of alkyl alcohols in the OH streching region were
obtained from varying the concentrations of alcohols in CCly. The OH streching bands were broad-

ened and shifted to lower frequencies due to the hydrogen-bond formation. Three bands were
obtained from the breakdown of these bands by the simplex method. Each band was assigned to
various types of hydrogen-bonded OH groups. The electronic structures and interaction energies of
dimeric and trimeric alcohols were calculated by semi-emprical MO(CNDOQO/2, INDO) methods.
These results were in good agreement with those of deconvoluted ir spectra. The EDA (electron
donor-acceptor) effect of alkyl group on hydrogen—bond formation was in the decreasing order of
butyl >propyl >ethyl >methyl group. On the other hand, the experimental results were in the
order : propyl >ethyl>butyl >methyl group. This seemed to be ascribed to the bulkiness of butyl

alcohol.
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Fig.1. Deconvoluted ir spectra of methyl alcohol (a)
0.05M; (b) 0.1M; (¢) 0.2M; (d) 0.4M; (e) 0.6M.
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Table 2. Deconvoluted ir spectra of ethyl alcohol at
various concentrations

Conc. Band 2A,., Half-Width Relative Area

(mol/1) no. (em™1) (em™1) Intensity (%)
0.05 1 3642 34 90.0 82.9
2 3529 70 9.0 17.1

3 — —- — —

0.1 1 3640 33 89.6 28.9
2 3514 158 25.8 39.8

3 3346 155 20.7 31.3

0.2 1 3639 32 95.6 10.5
2 3508 138 38.3 18.2

3 3343 236 87.7 71.3

0.4 1 3644 33 60.5 5.4
2 3495 183 60.1 29.9

3 3305 245 97.0 64.7

0.6 1 3648 31 53.4 4.0
2 3491 202 70.5 34.2

3 3288 270 95.2 61.8

Table 3. Deconvoluted ir spectra of propyl alcohol at
various concentrations

3700 3600 3500

Fig.2. Deconvoluted ir spectra of ethyl alcohol (a)
0.05M; (b) 0.1IM:; (c¢) 0.2M; (d) 0.4M; (e) 0.6M.

Table 1. Deconvoluted ir spectra of methyl alcohol
at various concentrations

Conc. Band A,., Half-width Relative Area

(mol/1) no. (em™) (em™1) Intensity (%)
0.05 1 3664 30 9.5 97.6
2 — — — —

3 — — — —_

0.1 1 3664 32 89.6 73.3
2 3576 110 9.5 26.7

3 — — — —

0.2 1 3663 33 88.4 16.6
2 3542 130 32.0 23.6

3 3367 199 53.0 59.8

0.4 1 3665 30 71.0 6.3
2 3513 186 53.0 29.0

3 3333 229 96.0 64.7

0.6 1 3660 36 57.8 5.2
2 3494 201 77.3  38.4

3 3290 235 97.0 56.4
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Conc. Band An.x Half-Width Relative Area

(mol/1) no. (em™1) (em-1) Intensity (%)
0.05 1 3659 36 90.0 74.6
2 3529 85 13.0 25.4

3 — p— J— _—

0.1 1 3658 35 89.9 18.8
2 3525 145 32.5 28.1

3 3360 185 48.2 53.1

0.2 1 3658 35 71.0 7.8
2 3501 170 43.0 23.0

3 3341 229 96.0 69.2

0.4 1 3659 32 60.5 5.0
2 3502 186 60.0 29.0

3 3312 265 96.0 66.0

0.6 1 3665 33 52.9 4.2
2 3501 202 71.0 34.3

3 3292 270 95.2 61.5
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Table 4. Deconvoluted ir spectra of butyl alcohol at
various concentrations

Conc. Band 2,., Half-Width Relative Area

(mol/1) no. (em™1) (em™Y) Intensity (%)
0.05 1 3636 30 90.0 75.4
2 3523 80 11.0 24.6
3 —_ —_ —_— —
0.1 1 3649 33 90.0 25.7
2 3515 153 30.0 39.7
3 3355 160 25.0 34.6
0.2 1 3647 31 89.2 8.9
2 3515 165 45.5 24.3
3 3349 235 88.0 66.8
0.4 1 3650 36 55.9 5.0
2 3513 198 55.5 27.5
3 3321 283 95.2 67.4
0.6 1 3650 37 54.9 4.7
2 3503 202 69.5 32.6
3 3294 283 95.2 62.6
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Table 5. Hydrogen-bond distances, R(O—H---0), bending angles., and interaction energies, —4E, of alcohols
caleulated by semi-empirical MO(CNDO/2, INDO) methods

CNDO/2 INDO
Aleohols R(O—H-0) 6 —4E R(O—H-0) 6 —4E
(A) (degree) (kcal/mol) (A) (degree) (kcal/mol)
Methyl Alcohol 2.53 104 4.50 2.50 120 7.10
Ethyl Alcohol 2.53 109 4.53 2.50 111 7.24
Propyl Alcohol 2.52 113 4.58 2.48 115 7.30
Butyl Alcohol 2.52 112 4.58 2.47 115 7.33

a8 A5 & F glEo] 4R,OH; 3 4R:0;

H27F 5 Haddedl e ™ 7bd 48 A
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Table 6. CNDO/2 and INDO charge densities, g,
on atom O and H of monomeric alcohols

CNDO/2 INDO
Alcohols
do [4:4 do qH
Methyl Alcohol [ —0.2393 0.1310|—0.2931 0. 1559
Ethyl Alcohol |-—0.2483 0.1235|—0.3021 0.1478
Propyl Alcohol | —0.2523 0.1216]| —0.3060 0.1456
Butyl Aleohol | —0.2527 0.1208(—0.3066 0.1447
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Table 7. CNDO/2 and INDO charge densities, ¢, on tom O and H of dimeric alcohols
CNDO/2 INDO
Alcohols
dom do@ dHM qH) dow qo@ qHD qH®2)
Methyl Alcohol —0.2942 —0.2404 0. 1816 0.1448 —0.3599 —0.2842 0. 2053 0.1715
Ethyl Alcohol —0.3050 —0.2497 0. 1787 0.1361 —0.3709 —0.2928 0. 2015 0.1624
Propy! Alcohol —0.3087 —0.2527 0.1768 0.1340 —0.3808 —0.2936 0. 2036 0.1610
Butyl Alcohol —0.3090 -—0.2528 0.1763 0.1333 —0.3815 —0.2936 0.2031 0.1601
Table 8. Bond orders, p, for monomeric and dimeric alcohols
CNDO/2 INDO
Alcohols
Do-n po,-1, Pu,-0. $0:-Ha Po-u Po,-m, pu0.  Por-H:
Methyl Alcohol 0. 9687 0. 8967 0.0549 0. 9552 0. 9606 0. 8640 0.0778 0.9428
Ethyl Alcohol 0.9720 0. 8978 0. 0556 0. 9604 0. 9640 0. 8646 0.0791 0. 9604
Propyl Alcohol 0.9722 0. 8976 0. 0564 0. 9616 0. 9642 0. 8555 0. 0880 0. 9486
Butyl Alcohol 0.9723 0. 8976 0. 0568 0. 9622 0.9644 0. 8554 0. 0886 0.9494
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Table 9. CNDO/2 and INDO charge densities, g, on
atom O and H, bond orders, p, interaction energies,
—A4E, for trimeric alcohols

Method CNDO/2 INDO
o —0. 3064 --0. 3695
qo —0. 3001 —0. 3507
qo® —0.2439 —0. 2877
qum 0.1965 0. 2162
qHE) 0.2029 0.2228
qu 0.1503 0.1722
Po,-n, 0.8787 0. 8495
PH,-0, 0. 0683 0. 0886
P01, 0. 8694 0. 8392
Pu,..04 0. 0668 0. 0871
P0,-H,y 0.9541 0.9428
—4E (kcal /mol) 6.57 10. 44
R R,

Oz .
oz S
\%}i&/

Fig.11. Calculated geometry for methyl alcohol
trimer by CNDO/2 method.
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2 M3lE C-typeel O-H;®tulE D-type
o Or-Hx7t 84 & 4 5 A+ £& O-Hy
= dimerd A$xtE A #HI AL S
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CNDO/2 =& INDO A 4o 2Xe dz-29 4+
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3, AL 110°+5°, ojhd 7 0°Y & & F
Qo tr, w3 4E = 4.530.2Kcal/mol (CNDO/
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