provided by Xiamen University Institutional Repository

- NH:, NHs
NHi

FEF, TN, ® I, MEE, Ko

( , , 361005)

NH:;, NH; NH; 2, 4

4, - NH;, NHy  NH; . ,
NHz; NHs; NHi; - ;
0641 A 0251-0790(2004)01-0116-04
(Cluster or Supermolecule model) ,
; (Continuum model) €
2 2

. . . 1
- (Dlscrete-contlnuum or Cluster—continuum model)[ ],

, “ ” . Pliego [2,3]
- NH:  NH: , -
- NH:2 , NHs NHi s -
1
- S s 1
N (nAG\'ap) 5 ( AG dust) 5
S(H:20). {AGn[S(H20).4]} . \ S e
AGo(S) = nAGup + AGaw + AGeon[S(H20).] (1)
, * I mol/LL 14, 0 1.01x 10’ Pa
AGelust
S +nHz0 ) > S(H:O)uie
nAGun lA(_;mv [SCH0).]
Sigy+Water » S(Hz0)ns»
Aoty (S)
Fig.1 Thermodynamic cycle considered for calculating solvation free energies of the solute(S)
: 2003-02-26.
( : 90206038) ( : 02124 ( : 2002F010)

(1946 ). s R s . E-mail: Tinmh@x mu. edu. ci


https://core.ac.uk/display/41362783?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

No. 1 EEESE R HH-ESEAT L NH;, NH; /= NH) 895 71Lh dak 117
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Fig.2 Optimized geometries for the NH; ( H,0) ,(n= 2, 3), NH;(H;O) , and NH; (H;O) 4 clusters in

a continuum (e 78. 4)

Distances are given in nm and angles in degree.
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Table 1 Calculated solvation free energy( kJ/mol) by the discrete-continuum model at the HF/ 6-31+ G* and
MP2/ 6311+ G * levels of theory(T= 298. 15 K)

HF/631+ G* MP2/6-311+ G**
S(H,0), AGZ g, ) AGL), .
nAG,,, AGYus AGg1(S) nAG,,, AGYus AGyn(S)
[ S(H20) »] [ S(H20) x]
NH3z (H;0)» 9.46 - 102.09 - 267.73 - 360. 37 9.46 - 125.23 - 267.82 - 383.59
NH3(H20) 4 18.91 77.82 - 80.75 15.98 18.91 68.53 - 65.19 22.26
NH3(H,0) 4.73 9.75 - 34. 14 - 19.66 4.73 1.72 - 33.01 -26.57
NH; (H,0) 4 18.91 - 129.83 - 221.96 - 332.88 18.91 - 140. 88 - 212.25 —334.22
NHZ (H,0) & 18.91 - 117.70 - 223.51 - 322.29 18.91 - 143.93 - 215.52 - 340. 54
NH; (H,0) 4 18.91 - 130.16 - 221.96 - 333.21 18.91 - 140.92 - 213.64 - 335.64

a. Partial optimized with a fixed N—O distance of 0. 285 nm'in the gas phase; b. full optimization in the gas phase.
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Table 2 Comparisons between methods of calculation for the solvation free energy(kJ/ mol, 7= 298. 15 K) “

Discrete-continuuml 3 Discrete-continuum PCM
Solute Exp.[2
Cluster MP2 Cluster HF MP2 HF M P2
NH3 - 382.84+ 6.28 NH; (H,0)» - 340.91 NH?z (H,0), - 360.37 - 383.59 - 389.57 - 408.36
NH; - 17.99 NH(Hz0)4 15.98 22.26 - 19.79 - 20.67
NH4( H,0) -19.66 - 26.57
NHZ - 355.22+ 2.93 NHZ (H,0)3 - 332,13 NHZ (H,0)4 - 332.88 - 334.22 - 334.26 - 334.97
NHi (H20), - 327.82 NHJ (H,0) 4 - 322.29 - 340.54
NHZ (H,0) 4 - 333.21 - 335.64

a. The thermodynamic data for clustering were obtained at the MP2/ 6311+ G(2df,2p)//HF/ 631+ G(d,p) level of theory. The
IPCM model with a MP2/631+ (d, p) wave function was used for the continuum calculations. AG,, = 4. 73 kJ/mol; b. partial

optimization with a fixed N—O distance of 0. 285 nm in the gas phase; c. full optimization in the gas phase.
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Calculations of Solvation Free Energies of NH2, NHs and NH:
by Using the Discrete—continuum Model

CAO ZhiJi, WANG ChaoJie» TAN Kai, LIN MengHai » ZHANG Qian—Er
(State K ey Laboratory for Physical Chemisiry of the Solid Surf ace, Department of Chemistry,
Xiamen University, Xiamen 361005, China)

Abstract The solvation free energies of NH2 , NHs, and NH: in aqueous solution were calculated by
means of a mixed discrete-continuum model, in which the solute and a limited number of solvent
molecules were treated quantum chemically and the remaining solvent was simulated by the polarizable
continuum model(PCM) method. The numbers of water molecules hydrogen-bonding directly with
NHz, NHs3, and NHi are predicted to be 2, 4, and 4 respectively at the HF level. By comparing with
the results obtained with the PCM method, our results show that because specific solute—solvent
interactions are described at the quantum level and long—range interactions are introduced through a
continuum model, the discrete—continuum model could simulate the solvation effects more accurately
than the continuum model, especially in case where the solvent and the solute are strongly bound.
The predicted solvation free energies for NH2 and NHi are in good agreement with available
experimental data. Due to the explicit consideration of specific solute-solvent interactions, the
electron correlation effect is significant in the discrete—continuum model. Furthermore, from the gas
phase to the solution, the large changes of geometries of hydrated solutes caused by the continuum
field suggest that the geometry reoptimization in the solvent is necessary. In the discrete-continuum
model, the geometries of hydrated ions closer to the real case would lead more accurate solvation free
energies.
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