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O ABSTRACT 0O

The standard enthalpies of hydrogenation of 29 unsaturated hydrocarbon compounds were
calculated in the gaseous state by the CCSD(T) and M06-2X theories of levels with the
complete basis 6-31g(d) and cc-pVXZ, where X =DZ, TZ, QZ, these enthalpies were
calculated, as well as by complete basis set limit extrapolation using two different
formulas.

Geometries of compounds were optimized at the M06-2X/6-31g(d) level. This M06-2X
geometries were used in the M06-2X, CCSD(T) and extrapolation calculations with cc-
pVXZ basis sets. Comparison of calculation and experimental results shows that the
median absolute deviations (MAD) between the calculated and experimental enthalpies of
hydrogenation range from 25.1 to 5.1 kJ mol™ at M06-2X calculations and from 8.8 to 4.1
kJ mol™ at CCSD(T) calculations. for both calculations, where using complete basis set
limit extrapolation E(X) = E., + A/X?, the MAD have decreased to 2.7 and 1.5 kJ mol™
respectively. The results of some calculations showed that the deviations from
experimental values are located inside the “chemical accuracy” (+1 kcal mol™ = #4.2 kJ
mol ™). Very good linear correlations between experimental and calculated enthalpies of

hydrogenation have been obtained at M06-2X/TZ and CCSDT/TZ methods.

Key words: Complete basis set (CBS), density functional theory (DFT), Coupled cluster,
theory, extrapolation method.
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MO06-2X
Compounds
6-31g(d) D T Q Eg.5 EQ.6 Exp.
ethyne 42.7 20.6 8.0 8.3 8.9 2.7 -312.0+0.63
ethene 22.9 9.5 5.3 5.8 6.2 3.6 -136.3+0.3
propadiene 271 76 22 -1.4 04 63  -295.1x0.1
propene 28.4 6.7 2.7 2.9 3.2 1.0 -125.0+£0.42
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propyne 32.9 16.2 2.7 3.1 3.8 2.9  -289.6+0.63
but-2-yne 27.3 11.4 -2.3 27.0 -0.6 -8.2 -272.4£1.3
2-methylprop-1-ene 18.8 6.8 2.8 3.0 3.3 1.1 -117.8+0.42
2E-but-2-ene 17.6 5.3 1.8 2.1 2.3 0.4 -118.5+0.42
2Z-but-2-ene 18.7 75 3.7 4.1 4.5 2.1 -114.6+0.42
2E-pent-2-ene 17.1 7.2 3.0 3.3 3.6 1.2 -113.8+0.8
2Z-pent-2-ene 10.2 01  -38 -3.6 -33 54  -117.7+0.8
2-methylbut-1-ene 15.8 3.7 -05 -0.3 0.0 23 -118.2+0.42
2-methylbut-2-ene 141 3.0 -04 -0.3 -0.2 -1.9 -111.6+0.3
3-methylbut-1-ene 17.3 4.1 0.0 0.3 0.7 1.7 -126.3+0.3
cyclopenta-1,3-diene 30.8 12.0 5.4 6.0 6.6 2.7 -210.8+£0.84
1,3-Cyclohexadiene 45.4 16.2 7.9 8.4 9.1 4.3 -229.6+0.42
1,5-hexadiene 40.9 17.8 9.3 10.3 11.2 5.8 -251.2+0.42
2,3-dimethylbut-1-ene 18.1 6.9 2.7 3.0 3.4 1.0 -116.1+0.4
2,3-dimethylbut-2-ene 18.4 7.6 4.1 4.1 4.3 2.6 -110.4+0.42
2,3-dimethylbuta-1,3-diene 13.7 10.7 3.3 3.8 4.5 0.1 -223.4+0.63
3,3-dimethylbut-1-ene 19.2 6.5 25 2.9 3.4 0.8 -125.9+0.63
benzene 43.4 11.4 1.2 3.0 4.5 -3.0  -205.3£0.6
cyclohexene 19.6 71 2.6 2.9 3.2 0.7 -118.6+0.42
hex-1-ene 19.4 8.1 35 3.9 4.3 1.6 -126.0+£2.0
4,4-dimethylpent-1-ene 19.3 7.7 3.8 4.3 4.8 2.2 -122.5+0.42
cyclohepta-1,3,5-triene 51.0 22.8 10.9 12.2 13.5 5.8 -301.7£1.3
cyclohepta-1,3-diene 405 15.2 7.6 8.4 9.2 4.4 -212.4+0.63
cycloheptene 16.5 6.7 2.8 3.0 3.4 1.1 -108.9+0.63
hept-1-ene 20.8 8.9 4.3 4.7 5.2 24  -1251%0.3
MAD 25.1 9.5 3.8 5.0 4.5 2.7
RMS 27.4 10.8 4.6 7.1 55 3.4

Error% 15.0% 55% 23% 28% 27% 1.6%

SD 7.55 5.50 3.18 3.32 3.35 3.44

R? 0.992 0.995 0998 0.998 0.998 0.998

(kJ mol™ saaish ) (A Hoge) Aasael L nil) il i) ad) 1(2) s
Badnia (3l sy CCSD(T) 4Bl 4y gud) aladiiady 4 guaal) il o0

CCSD(T)
Compounds 5 T £ Exp.
ethyne 16.0 4.4 -0.5 -312.0+0.63
ethene 51 2.0 0.7 -136.3+0.3
propadiene 114 4.1 -1.3 -295.1+0.1
propene 4.9 2.0 -0.4 -125.0+0.42
propyne 16.0 6.1 -0.5 -289.6+£0.63
but-2-yne 15.2 23.8 -0.6 -272.4£1.3
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2-methylprop-1-ene 7.6 3.0 11 -117.8+0.42
2E-but-2-ene 6.1 1.7 -0.2 -118.5+0.42
2Z-but-2-ene 7.6 3.9 2.4 -114.6+0.42
2E-pent-2-ene 5.8 2.3 0.8 -113.8+0.8
2Z-pent-2-ene -1.7 -5.3 -6.7 -117.7+0.8
2-methylbut-1-ene 2.9 -1.3 -3.1 -118.2+0.42
2-methylbut-2-ene 4.7 0.2 -1.7 -111.6+0.3
3-methylbut-1-ene 2.6 -14 -3.1 -126.3+0.3
cyclopenta-1,3-diene 111 4.4 1.6 -210.8+0.84
1,3-Cyclohexadiene 131 51 1.8 -229.6+0.42
1,5-hexadiene 13.1 5.8 2.8 -251.2+0.42
2,3-dimethylbut-1-ene 7.2 2.9 1.0 -116.1+0.4
2,3-dimethylbut-2-ene 10.1 5.3 3.2 -110.4+0.42
2,3-dimethylbuta-1,3-diene 11.3 2.7 -0.9 -223.4+0.63
3,3-dimethylbut-1-ene 4.5 0.9 -0.6 -125.9+0.63
benzene 18.6 6.4 1.3 -205.3+0.6
cyclohexene 6.0 1.8 0.0 -118.6+£0.42
hex-1-ene 5.6 1.6 0.0 -126.0+2.0
4,4-dimethylpent-1-ene 59 25 1.0 -122.5+0.42
cyclohepta-1,3,5-triene 18.6 8.0 35 -301.7£1.3
cyclohepta-1,3-diene 125 5.6 2.6 -212.440.63
cycloheptene 4.5 1.7 0.6 -108.91£0.63
hept-1-ene 6.4 2.4 0.8 -125.1+0.3
MAD 8.8 4.1 15
RMS 10.0 5.8 2.1

Error% 5.0% 2.3% 1.0%

SD 2.78 2.11 2.12

R? 0.999 0.999 0.999

CBS Extrapolation by Eq. 6

- = —=CBS Limit (-77.33523641)
® Energy points
— CB& Fit function

CBS Extrapolation by Eq. 3

- — —=CBS Limit (-77.33186806)
—CBS Fit function
® Energy points
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Gl luny Ll (@l o)) e 5smeS Slea g ol dusad (e S0 Y1 Gyxaul «CCSD(T)/TZ
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) Uaall 4yl Lpl) o ¢(2) Jsand) e Liad sy . X=D, T Lexie (6) 48Mall dalusy CBS &)y
sndly AUl illuall 5 Aladiuly (6) Aslaall dalusy X=D,T desanall saall liuy) labis 4o,
-(1.6%) MO0B-2X 4pbaill dysudl alaiin) vie & Les Jiliy Jif (455 (1.0%) CCSD(T) dpplail
LY L) dapaell Sl Tan s Aylad L)) ADle o Jseanll o5 i llad i) (a3 B
CBS dcsendl shiiul cilahia aaiiu) xie Ay «CCSDT/TZ 5 M06-2X/TZ iy yhally 4 pusnal
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Lsadl Jal 00 3.44 kI mol™ 53.18 kI mol™ sai il (SD) ylinadl CalaiVl dad o clasace Jaadls
il e (6) 4lall dalusy X=D,T de senall aall ¢y habis 465k s (M0OB-2X/TZ 4kl
Llis diyyls (CCSD(T)/TZ gyl Lysad) Jab 00 2.12 kI mol™ 5 2.11 kI mol™ 1) (abdss cpen
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o 4.2 kI mol=" "1 kcal mol) "4ilall 481" e a8 (6) Aabaall Aaliogy oY) cillabaial 43 ol
Lyral llail CCSD(T)/TZ dphall dppdl ) Al (6) Aslaall dalusy slind) hahia adiy
el cllall Qb (Sl (2.7 kI mol™) MO06-2X/TZ agylaill dssudly &5 (1.5 kJ mol™)
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-100 7 MO06-2X/TZ//M06-2X/6-3 1g(d)
150  AHp(cal) = (1.01620.01)AH, o(exp.) - (0.4721.61)
- SD=3.18, R2=0.9980
£ -200 -
=
sE -250 -
-
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5 250
300 A
'35'3 T T T T 1
350 -300 250 -200 150 -100

Lgunally (KJ MOI™ Banlsy) Ayt Clalli¥) ad oy Adadl) Bla V) clBdle :(2) Jsil
(6) ABlal) aladialy A8blgall gaad) ¢ )iy clabial leg iy (MOB-2X/TZ Ay il 4ypully
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