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DFT and Thermodynamic Studies on Hydrogen Bond Cooperativity
and Its Effects on the 'H NMR Correlation

LAN, Rong LI, Hao-Ran* HAN, Shi-Jun
(Department of Chemistry, Zhegjiang University, Hangzhou 310027)

Abstract In this paper systematic DFT calculations were carried out to study hydrogen bond cooperativity
of linear and cyclic clusters consisting of up to 5 molecules of methanol at B3LY P/6-311+ +G (d,p) level.
A definition has been proposed for cooperative factor for clusters of different size. Calculated cooperative
factors are far greater for cyclic clusters than for linear ones. For comparison, LFHB model (the lattice-fluid
hydrogen-bonding equation of state model) with or without cooperative effects was used to fit the 'H NMR
chemical shift data of (methanol or ethanol +inert solvent) mixtures. More satisfactory results were obtained
by including the cooperative effects in the thermodynamic model. Comparing the calculated cooperative
factors with those used in cooperative LFHB, liquid methanol could be considered to exist mostly as linear
clusters.

Keywords hydrogen bond cooperativity; density functional theory (DFT); lattice-fluid hydrogen-bonding
(LFHB); hydrogen nuclear magnetic resonance (*H NMR)
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Table 1 Computational results at B3LYP/6-311++G (d,p) level (E, molecular energies (in au.) AE (in kdmol™), AAE (in kJ
mol %) cooperative energies contributions to the clusterization energy in clusters, Ky 1-n/K,-1 cooperative factors, AEyg (in kdmol %)
average bonding energy of each H-bond, as computed from total energies (in kJemol %)

K n+1*n/

B3LYP/6-311+ +G** E/(@u.)  AE/(kJlmol Y AAE; -, AEpg/(kdmol Y fHHA E(ref. 25)
2-1
(CH4OH)# —115.76500 1.8877 —115.76500
[CH3OH].? —231.53928 —24.46 —2446 1 —24.46 3.1453 —231.53928
(CH4OH)3? —347.32227 —71.88 —4742 10535 ~ —23.96 0.8383 —347.32226
[CH3OH]S? —347.31731 —58.80 —3434 54 —29.40 2.6548 —347.31731
(CH4OH) 2 —46310834 —127.41 —5553 277671 —31.87 0.0292
[CH3OH]° —463.09601 —94.89 —36.09 109 —31.63 1.8051
(CH4OH)s? —578.88006 —168.84 —41.43 937 —33.77 0.7013

3( ), stand for n-mer cyclic clusters and °[ ], stand for n-mer linear clusters.
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Table2 Correlated resultsfor *H NMR of acohol +inert solvent
By LFHB By cooperative LFHB
System TIK Ref.
Ot Ohb Ao A% o Ohb Ao Ao%

methanol + hexane 298.2 —1.44 562 019 499 —596 492 008 212 34
methanol + hexane 308.2 —0.39 552 027 78 —247 490 007 1.95 34
methanol + hexane 318.2 —0.29 537 017 397 —354 517 012 3.32 34
methanol + hexane 328.2 191 513 0.16 3.76 0.75 477 0.07 1.62 34
methanol + cyclohexane 324.2 0.26 530 008 211 —0.84 457 008 192 15
methanol + cyclohexane 331.2 0.64 526 010 284 —106 464 008 1.78 15
methanol + cyclohexane 337.2 0.38 532 011 332 —0.73 449 0.09 2.40 15
methanol + heptane 328.2 —0.59 534 012 266 —095 481 006 1.46 15
methanol + heptane 333.2 —0.94 546 013 308 —918 478 007 1.74 15
methanol + heptane 337.2 —1.13 541 015 356 —865 474 010 291 15
ethanol +hexane 298.2 0.53 588 0.15 4.06 146 517 012 331 9
ethanol +-cyclohexane 296.2 1.03 576 017 461 005 514 011 2.78 35
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Figure 1 Comparison for the calculated hydrogen-bonding

extents for methanol +hexane system from LFHB, cooperative
LFHB and chemical association theory (CAT)
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