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A new value for the lattice energy of a-glycine was determined by combination of the experimen-
tally measured heat of sublimation taken from literature and the quantum-chemically calculated 
energy difference ftot.gp ~ Fiai<CTy, where £ to t gp is the total energy of the most stable form of the 
compound in the gas phase (carboxylic acid) and Etot cry the total energy of the molecule as it occurs 
in its crystalline form (betaine). At the highest levels of ab initio theory employed in this study this 
energy difference is -<28±2) kcal/mol, indicating that older work overestimated this difference 
significantly. The reason for the overestimation of this energy difference was determined by means 
of additional ab initio calculations. The lattice energy of -{67±2)kcal/mol obtained using the 
new value for Etat)gp - £tot,cry is significantly more positive than an older value of -103 kcal/mol 
frequently cited in the literature. 

1. Introduction energy can then be obtained f r o m the relat ionship 

The latt ice energy (A2: lat) of a molecular crystal is 
def ined as the c h a n g e of energy associated with a pro-
cess in which o n e m o l e of its initially infinitely sepa-
rated (i. e. non- interact ing) cons t i tuents^ combine to 
fo rm a crystal lattice. 

In the case of glycine, wh ich is a betaine ( H 3 N + -
C H 2 - C O O - ) in the crystal lattice and in aqueous so-
lution, approx ima te values fo r this energy can be ob-
tained f r o m the fo l lowing cycle ( c f . Fig. 1): in the 
first step one m o l e of crystal l ine glycine is dissolved 
in water and the change of energy associated with 
this process is the energy of solution (AE s o l n). In the 
next step the be ta ine molecu les are removed f rom 
the aqueous solut ion, and this hypothet ical process 
requires the negat ive energy of solvation (AE s o U ) of 
zwit ter ionic glycine. 

Provided the structure of the beta ine is essentially 
the same in the crystal and in the gas phase, the lattice 

a)The constituents are the betain molecules in their solid state 
geometry. 

A^lat = - ^ s o l n + A£ s o l v-

Based on a semiempir ical ly es t imated heat of hydra-
tion of A// s o l v = - 9 9 . 7 kcal /mol and a value of AH s o l n = 
3.4 kcal/mol for the heat of solution, Sh imura [1] de-
rived an approximate lattice energy of o - g l y c i n e of 
- 1 0 3 . 1 kcal /mol . 

Different f r o m the lattice energy def ined above the 
heat of subl imation (AHsxlb) is the change of enthalpy 
associated with the evaporat ion of one m o l e of a crys-
talline solid resulting in the most stable form of the 
compound in the gas phase. 

AH s u b and AE l a t are related to each other by the 
approximate relat ionship 

&E]at = -AHSüb-2RT+AEcry,gas, 

where R is the gas constant , T the temperature , and 
^cry.gas = £tot,gP " ^tot.cry t h e d i f fe rence be tween the 
total energy of one m o l e of the mos t stable f o r m of 
the isolated molecu le in gas phase (£ t o t ) gp) and the 
total energy of a f ree molecu le with a structure as it 
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Fig. 1. Relationship between the energy of solution (A£s„in), 
the energy of solvation (A£solv), and the lattice energy (AElat) 
of glycine. H3N+-CH2-COO~CRY is the betaine in the crystal 
lattice, H3N+-CH2-COO~SOL the solvated molecule in aque-
ous solution, and H3N+-CH2-COO~GAS the betaine in the 
gas phase. 

occurs in the crystal (£ t o t c r y) . At room temperature 
2 R T is about 1.2 kcal /mol and, therefore, lies within 
the standard deviat ions usually associated with exper-
imental ly de te rmined heats of format ion [2]. The heat 
of subl imat ion of glycine has been determined sev-
eral t imes in the past [ 3 - 8 ] , and with one except ion b ) 

the measured values cover the relatively narrow range 
be tween 30 and 35 kcal /mol . 

In contrast to m a n y other cases [9] AECTy differs 
significantly f r o m zero for glycine, since the com-
pound occurs as a beta ine ( H 3 N + - C H 2 - C O O _ ) in the 
crystal and as a carboxyl ic acid ( H 2 N - C H 2 - C O O H ) in 
the gas phase [ 1 0 - 13]. Combin ing their value for the 
heat of subl imat ion of a - g l y c i n e ( 3 1 . 2 ± 0 . 5 kcal /mol) 

b)In their mass spectrometric study of evaporation of a-amino 
acids Gaffney et al. [7] obtained a value of AH h = 23± 1 kcal/mol. 
See, however, [2], 

Fig. 2. Relationship between the energy of sublimation 
(A£sub), the difference between the total energies of the 
betaine (H3N+-CH2-COO~GAS) and the most stable form of 
glycine (H2N-CH2-COOHGAS) in the gas phase, and the lat-
tice energy (A£,al). 

with the lattice energy given in [ 1 ], Takagi et al. [4] ob-
tained a surprisingly high value of about - 7 2 kca l /mol 
for the energy dif ference be tween the carboxyl ic acid 
and the betaine (A£c r y g a s , cf. F ig . 2). 

In a second approach, the same authors [4] used a 
sequence of hypothetical react ions to obtain an inde-
pendent value for AEC g a s : 

H 2 N - C H 2 - C O O H - > H 2 N - C H 2 - C O O * + H*, (1) 

H 2 N - C H 2 - C O O * + H* + e " — H 2 N - C H 2 - C O O " + H \ ( 2 ) 

H 2 N - C H 2 - C O O ~ + H* -»• H 2 N - C H 2 - C O O ~ + H + + e - ,(3) 

H 2 N - C H 2 - C O O ~ + H+ H 3 N + - C H 2 - O X R . (4) 

The changes of energy associated with steps (1), (2), 
(3), and (4) are the homolyt ic dissociat ion energy of 
an O - H bond (A£ D ) , the electron affinity (AE A ) of the 
resulting H 2 N - C H 2 - C O O * radical , the ionisation en-
ergy of a hydrogen atom (AE{), and the energy of pro-
tonation (AEp) of the amino group of the glycine anion 
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H 2 N - C H 2 - C O C r . Using AED = 110.2, AEA = - 8 7 . 7 c ) , 
A £ j = 312.1 and A £ P = - 2 1 9 kcal /mold ) , they obtained 
an even higher value of AECTy g a s = - 1 1 6 kcal /mol . 

A n approximate value (8) for AECTY GAS is the differ-
ence be tween the total energies of the most stable iso-
m e r of the carboxyl ic acid in the gas phase and the be-
taine calculated by means of quan tum chemical meth-
ods. Surpris ingly high values for 6 were obtained at 
the H F / S T O - 3 G level ( - 8 7 kcal/mol) , as well as with 
the C N D O / 2 ( - 8 5 kcal/mol) and the P C I L O method 
( - 7 4 kcal /mol) [14]. Much lower values for the energy 
d i f fe rence were calculated by Tse et al. ( - 2 9 kcal /mol) 
[15] and Wrigh t et al. (-A3 kcal /mol) [16]. In their 
s tudies they employed partly opt imized structural pa-
rameters and the 4 -31G and 6 -31G basis set, re-
spectively. Calculat ions by the author using some 
of the mos t popular semiempirical methods resulted 
in comparab le values (MINDO/3: - 3 3 . 8 kcal /mol , 
M N D O : - 6 1 . 5 kcal /mol, P M 3 : - 3 8 . 2 kcal /mol , A M I : 
- 4 3 . 5 kcal /mol) . 

T h e computat ional results converged to the point 
that the most stable isomer of glycine in the gas 
phase is 2 (in Fig. 3), which is slightly lower in en-
ergy than 1. Us ing standard bond lengths and an-
gles Vishveshwara and Pople [17] obtained a value 
of AE{ 2 = 2.2 kcal /mol for this energy dif ference at 
the HF /4 -31G level. Comple te geometry opt imiza-
t ions with a smaller basis set (4-21G) by Sellers 
and Schäfer [18, 19] resulted in the same value. A 
similar result (1.9 kcal/mol) was reported by Siam 
et al. [20]. Inclusion of correlation correct ions in 
s ingle point calculations using HF-opt imized struc-
tures only slightly decreases this energy difference. 
Thus , Jensen and Gordon [21] calculated a value of 
1.5 kcal /mol for the energy dif ference be tween 1 and 
2 at the MP2/6 -31G*/ /HF/6 -31G* levele ) . The im-
por tance of the inclusion of correlation energy into 
the calculat ion of the gradients was pointed out by 
R a m e k et al. [22, 23] who obtained a significantly re-
duced value of AEx 2 = 0.7 kcal /mol with the MP2/6 -
3 1 1 G * * / /MP2/6-311G* * me thod [22]. A fur ther in-
crease of the basis set in single point calculat ions at the 
M P 2 level employing MP2/6-31 l++G**-op t imized 
geometr ies by Csäszär [24] yielded a relative energy 

c)This is the electron affinity of an oxygen atom. 
d)This is the proton affinity of ammonia. 
e)The abbreviation "method l/basisl//method2/basis2" means 

that the energy was calculated with method 1 and basis setl at a 
geometry that was optimized using method2 together with basis 
set2. 

of 0.4 kcal /mol , indicat ing that both molecules migh t 
be of essentially the same energy. 

Whi le most b ) of the values of AH s u b f rom different 
sources lie consistently be tween 30 and 35 kcal /mol , 
both the exper imental ly determined and calculated 
values of A£ c r y g a s and 6 scatter widely ( - 2 9 -
- 1 1 6 kcal /mol!) . To obtain a definite value for the 
energy di f ference be tween the betaine and the car-
boxyl ic acid, and thus to enable calculation of a re-
liable value of the lattice energy, the problem of the 
mos t stable fo rm of glycine in the gas phase was re-
evaluated employ ing different me thods and basis sets 
including geometry opt imizat ions at the one-determi-
nant as well as at the correlated level. 

2. Computational Method 

All ab initio calculat ions were pe r fo rmed employ-
ing the G A U S S I A N 9 4 set of quan tum chemical rou-
tines [25] running on a cluster of work stations at 
the Rechenzen t rum der R W T H Aachen . All molecu-
lar structures under considerat ion were preopt imized 
at the one-determinant (Hartree-Fock, HF) level with 
the split valence 6 - 3 1 G basis set [26 ,27]. In order 
to obtain more reliable geometr ies , polarization (*) 
[28] and d i f fuse (+) [29, 30] funct ions were then suc-
cessively added to the basis set. Addi t ional geometry 
opt imizat ions were pe r fo rmed with the 6 - 3 1 1 G basis 
set augmented with two sets of polarization and dif-
fuse funct ions (6-311++G**) . T h e 6 - 3 1 1 G basis set 
[31] has a triple split in the valence s and p shells, 
combined with an inner shell representat ion by a sin-
gle funct ion with six Gauss ians (valence t r ip le-Q. Fi-
nally, a basis set of ful l doub le - ( quali ty (D95^) was 
complemented with (i) one set of six d-like func t ions 
on carbon ( ( c = 0.75), nitrogen (CN = 0.80), and oxy-
gen (Co = 0.85) as well as a set of p-l ike funct ions on 
all hydrogens (£H = 1.0) and (ii) with addit ional dif-
fuse funct ions on all a toms ( ( 0 = 0 .0845, = 0 .0639, 
C C = 0 .0438, C H = 0 .0360) . The result ing basis sets 
were designated D 9 5 * * and D95++** , respectively. 
The correlation energy was calculated by means of 
the M0ller-Plesset perturbat ion theory [34] up to the 
fourth order (MP4) . Core electrons were included in 
the M P 2 calculat ions but were kept f rozen (fc = f rozen 
core) in the M P 4 runs. In some cases the correla-
tion energy was calculated employing HF-opt imized 

^This basis set is Dunning's [4s2p/2s] contraction [32] of Huz-
inaga's (9s5p/4s) set of Gaussian type orbitals [33]. 
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Fig. 3. The structures of glycine isomers obtained at the 
MP2/6-311++G** (1 - 3) and the HF/6-31+G* level (4). 

geometr ies . Other geometry opt imizat ions were per-
fo rmed including correlation correct ions calculated 
by means of M0ller-Plesset perturbation theory to the 
second (MP2) order. The stationary points located 
at the M P 2 / 6 - 3 1 1 + + G * * level were characterized by 
calculation of their normal f requencies . 

Drawings of the molecules were generated using 
S C H A K A L [35]. 

3. Results and Discussion 

Quan tum chemical calculat ions were per formed 
for the structures 1 - 4 of Figure 3. Total and rela-
tive energies are listed in Table 1 and 2, respectively. 

In accordance with the results of Ding and Krogh-
Jespersen [36] it was found that the opt imized struc-
ture of the f ree betain (3) corresponds to a saddle point 
with one imaginary f requency in the spectrum of its 
normal vibrations. Structure 4 is still a stationary point 
at the HF/6-31G, HF/6 -31G* and H F / 6 - 3 1 + G * level, 
however it col lapses resulting in i somer 1, not only 
as soon as polarisation funct ions are added to the hy-
drogen basis set (HF/6-31G**) but also if correlation 
energy is included in geometry opt imizat ions with the 
6 - 3 1 + G * set of contracted Gaussian funct ions . 

At all levels of the theory, 2 is the mos t stable iso-
mer. The relative energies in Table 2 show that at the 
Hartree-Fock level structure 1 is by 2.7 - 3.0 kcal /mol 
less stable than 2. Inclusion of correlation energy in 
single point calculat ions reduces the energy differ-
ence be tween 1 and 2 by 1.4 - 1.9 kcal /mol . If the 

t I 
I ( 

n J 
7 

Fig. 4. The experimentally determined struc-
4 ture of the glycine betaine in the solid state 

(31) [26] and the structure of an isolated betaine 
molecule in the gas phase (3) according to an 
MP2/6-311++G** geometry optimization. 

Table 1. Total energies of 1 - 3 in Hartrees obtained with 
different methods and basis sets. 

method l /bas is l / /method2/basis2 e ^ 1 2 3 

H F / 6 - 3 1 G * / / H F / 6 - 3 1 G * 
H F / 6 - 3 1 G * * / / H F / 6 - 3 1 G " 
H F / 6 - 3 1 + G * / / H F / 6 - 3 1 + G * 
H F / 6 - 3 1 + + G " / / H F / 6 - 3 1 + + G ~ 
H F / 6 - 3 1 1 + + G * * / / H F / 6 - 3 1 1 + + G * 
HF/D95 ** / /HF/D95 ** 
H F / D 9 5 + + " / / H F / D 9 5 + + * * 
M P 2 / 6 - 3 1 G * / / H F / 6 - 3 1 G * 
MP2/6-31G**/ /HF/6-31G** 
M P 2 / 6 - 3 1 + G * / / H F / 6 - 3 1 + G * 
MP2/6 -31++G** / /HF/6-31++G** 
M P 2 / 6 - 3 1 1 + + G * * / / 
HF/6-311++G** 
M P 2 / D 9 5 ** / /HF/D95 ** 
M P 2 / D 9 5 + + * * / / H F / D 9 5 + + " 
M P 2 / 6 - 3 1 + G * / / M P 2 / 6 - 3 1 + G * 
M P 2 / 6 - 3 1 1 + + G * * / / 
MP2/6 -311++G** 
M P 2 / D 9 5 + + " / /MP2/D95++'** 
M P 4 ( / c ) / 6 - 3 1 + G * / / H F / 6 - 3 1 + G * 
MP4( / c ) /6 -311++G**/ / 
HF/6-311++G** 

M P 4 ( / c ) / D 9 5 + + ~ / / H F / D 9 5 + + " 

- 2 8 2 . 8 2 6 4 3 4 -
- 2 8 2 . 8 4 3 5 5 0 -
- 2 8 2 . 8 3 6 7 7 8 -
- 2 8 2 . 8 5 4 1 4 9 -
- 2 8 2 . 9 2 1 0 0 1 -
- 2 8 2 . 9 0 6 1 2 5 -
- 2 8 2 . 9 1 0 7 4 6 -
- 2 8 3 . 6 1 3 0 2 2 -
- 2 8 3 . 6 6 0 3 2 2 -
- 2 8 3 . 6 3 7 1 5 3 -
- 2 8 3 . 6 8 4 8 0 0 -
- 2 8 3 . 8 9 7 4 0 7 

-282 .831096-
-282 .848342-
-282 .841050-
•282.858447-
-282 .925499-
-282 .910609-
-282.915105-
-283 .615370-
-283 .662900-
-283.638691-
-283 .686350-
-283 .898867-

2 8 2 . 7 8 1 0 8 9 
2 8 2 . 7 9 4 6 8 8 
2 8 2 . 7 9 5 4 6 7 
•282 .808834 
•282.875437 
•282 .858492 
2 8 2 . 8 6 4 6 7 9 
-283 .575324 
-283 .618432 
-283 .604608 
-283 .647376 
-283 .856745 

- 2 8 3 . 7 6 6 8 6 2 - 2 8 3 . 7 6 8 4 3 4 - 2 8 3 . 7 2 6 8 7 6 
- 2 8 3 . 7 8 3 9 4 6 - 2 8 3 . 7 8 5 3 4 1 - 2 8 3 . 7 4 5 8 8 2 
- 2 8 3 . 6 4 1 7 2 0 - 2 8 3 . 6 4 2 7 3 1 - 2 8 3 . 6 0 8 8 5 7 
- 2 8 3 . 9 0 1 1 0 3 - 2 8 3 . 9 0 1 9 5 3 - 2 8 3 . 8 5 9 9 5 2 

- 2 8 3 . 7 8 8 2 4 1 - 2 8 3 . 7 8 9 0 6 4 - 2 8 3 . 7 4 9 7 2 3 
- 2 8 3 . 6 7 3 3 9 4 - 2 8 3 . 6 7 5 1 8 2 - 2 8 3 . 6 4 0 7 8 7 
- 2 8 3 . 8 5 8 0 1 2 - 2 8 3 . 8 5 9 5 3 1 - 2 8 3 . 8 1 7 6 6 3 

- 2 8 3 . 7 6 9 3 7 9 - 2 8 3 . 7 7 0 9 0 9 - 2 8 3 . 7 3 1 1 5 4 

geometry is opt imized at the M P 2 level, A£\ 2 is 
fur ther reduced by about 40% resulting in a value 
of 0 .53 kcal /mol at the MP2/6-31 l++G** / /MP2/6 -
311++G** level, which supports Ramek ' s s tatement 
that inclusion of correlation energy in geometry opti-
mizat ions is important to obtain reliable relative en-
ergies [23]. 

The structures obtained with this method were 
characterized by calculation of their normal modes . 
As ment ioned above, with one imaginary f requency 
in the spectrum of its normal vibrations betaine 3 cor-
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Table 2. Relative energies of 1 - 3 in kcal/mol obtained with 
different methods and basis sets. 

method 1/basis l//method2/basis2 1 2 3 

HF/6-31G*//HF/6-31G* 2.93 0.00 31.38 
HF/6-3 lG**//HF/6-31G* * 3.01 0.00 33.67 
HF/6-3 l+G*//HF/6-31+G* 2.68 0.00 28.60 
HF/6-31++G* *//HF/6-31++G** 2.70 0.00 31.13 
HF/6-31 l++G**//HF/6-311++G** 2.82 0.00 31.41 
HF/D95 * *//HF/D95 * * 2.81 0.00 32.70 
HF/D95++**//HF/D95++** 2.74 0.00 31.64 
MP2/6-31 G*//HF/6-31G* 1.47 0.00 25.13 
MP2/6-31G**//HF/6-31G** 1.62 0.00 27.90 
MP2/6-3 l+G*//HF/6-31+G* 0.97 0.00 21.39 
MP2/6-31++G* *//HF/6-31++G* * 0.97 0.00 24.46 
MP2/6-311 ++G**//HF/6-311++G** 0.92 0.00 26.43 
MP2/D95 * *//HF/D95 * * 0.99 0.00 26.08 
MP2/D95++* *//HF/D95++* * 0.88 0.00 24.76 
MP2/6-3 l+G*//MP2/6-31+G* 0.63 0.00 21.26 
MP2/6-31 l++G**//MP2/6-311++G** 0.53 0.00 26.36 
MP2/D95++**//MP2/D95++** 0.52 0.00 24.69 
MP4(/c)/6-31+G*//HF/6-31+G* 1.12 0.00 21.58 
MP4(/c)/6-31 l++G**//HF/6-311++G** 0.95 0.00 26.27 
MP4(/c)/D95++* *//HF/D95++* * 0.96 0.00 24.95 

responds to a saddle point, whi le 1 and 2 are local 
minima. 

The results of all calculat ions fur ther agree in that 
in the gas phase the betain is significantly higher in 
energy than both conformat ional isomers of the car-
boxylic acid. Using the smallest basis set (6-31G*), 
this energy difference (6) amounts to - 3 1 . 4 kcal /mol . 
Addit ion of p-like polarization funct ions to the hydro-
gen basis even increases the absolute value of this en-
ergy difference, while inclusion of d i f fuse funct ions 
reduces |<5|. Inclusion of correlation energy (MP2) 
in single point calculations reduces |<5| by about 5 -
7 kcal /mol , and optimization of the structures at the 
M P 2 level decreases |<5| by another 0.1 kcal /mol . 

Carrying out the perturbation expansion to the 
fourth order (MP4) in single point calculat ions has 
only a small influence on 6. Thus |<5| is slightly 
increased ( « 0 . 2 kcal /mol) with the 6 - 3 1 + G * and the 
D95++* * basis sets. A slight decrease is obtained with 
the 6 - 3 1 1 + + G * * set of contracted Gaussian funct ions , 
where |<5| is by about 0.2 kcal /mol smaller at the M P 4 
than at the M P 2 level, indicating that a more comple te 
inclusion of correlation energy might fur ther reduce 
this energy difference. At the highest levels of theory 
employed in this study the energy d i f ference 6 be-
tween the mos t stable carboxyl ic acid and the betaine 
amounts to about - 2 6 kcal /mol . 

In order to find the reason for the striking dif ference 
between the best ab initio results of 6 « - 2 6 kcal /mol 

and the - 1 1 6 kcal /mol obtained by Takagi et al. [4] the 
set of hypothet ical reactions (1) - (4) was re-examined 
at the M P 4 / 6 - 3 1 1 + + G * * level for closed shell species 
and with the U M P 4 / 6 - 3 1 1 + + G * * method for the rad-
icals. These calculat ions were per formed employ ing 
HF- and U H F / 6 - 3 1 1 + + G * * opt imized structures. Us-
ing the corresponding total energiesg ) of the radicals 
together with the value for the carboxylic acid results 
in A E d = 117.2 kcal/mol. T h e electron affinity of the 
H 2 N - C H 2 - C O O * radical was calculated as the differ-
ence be tween its total energy and that of the g lyc ine 
anion, and a value of AEA = - 8 0 . 6 kcal/mol was ob-
tained in this way. The resulting values of AE D and 
A E a are not too different f r o m those used in [4], and 
the same is true for the calculated value of AE{ = 
313.6 kcal /mol . However, the ab initio energy of pro-
tonation at the glycine anion 's nitrogen a tom ( A £ p = 
- 3 2 3 . 9 kcal /mol) is by about 100 kcal/mol more neg-
ative than the value for the protonation energy of am-
monia used for this step in [4]. It is, therefore, the use 
of the much too positive energy for this step which 
causes the overrat ing of the energy difference be tween 
the betaine and the carboxylic acid obtained in [4]. 

De Kruif et al. [3] reported a heat of subl ima-
tion of AH s u b = 3 2 . 6 ± 0 . 5 kcal /mol , measured at T = 
418.93 K. Us ing their value for the difference be tween 
the heat capaci ty of the solid and the correspond-
ing gas of Acp = - ( 1 4 . 3 ± 4 . 8 ) cal m o l - 1 K _ 1 and the 
Kirchhoff equat ion results in an approximate value for 
the heat of sublimation of AH s u b = 38.6 kcal /mol at 
0 K. Combin ing this value with 8 = - 2 6 kcal /mol re-
sults in a lattice energy for o -g lyc ine o f - 6 5 kcal /mol . 
This value might be somewhat too positive, s ince the 
structures of the betaine molecule in the gas phase and 
in the solid state differ significantly ( c f . F igure 4) . To 
est imate the error possibly introduced employ ing the 
total energy of the opt imized betaine structure, an ad-
ditional single point calculation (MP4/6 -311++G**) 
was per formed using the experimental ly de termined 
structure [37]. The total energy calculated in this way 
is by about 4 kcal /mol higher than the one obta ined 
f rom the calculat ions at the MP4/6-31 l + + G * * / / H F / 6 -
3 1 1 + + G * * level, and the resulting lattice energy is 
- 6 9 kcal /mol . 

g)£tot(H2N-CH2-COO*): -283.172996 a.u. ((s2) =0.7582), 
Elot(H*): -0.499818 a.u., 
£tol(H2N-CH2-COO-): -283.301446 a.u. 
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It is therefore concluded that the lattice energy of 
» -g lyc ine is about - 6 9 kcal /mol. This value is clearly 
at odds with the one derived by Shimura [1] emloy ing 
the heats of solution and solvation. A survey of the 
more recent literature, however, yielded values for the 
heat of solution of 3.6 and for the heat of solvation 
of - 5 8 . 0 kca l /mol [12]. Whi le the more recent value 
of AH s o ] n is a lmost identical with the one used in 
[1], the new value of AH s o W is by about 42 kcal /mol 
more posi t ive than the semiempirical ly determined 
older heat of solvation. Use of the new data [12] to 
approx imate the lattice energy results in a value of 

G. Raabe • Lattice Energies of Organic Molecular Crystals 

- 6 2 kcal /mol , which is close to the lattice energy 
derived f rom AH s u h and <5. 

Acknowledgement 

T h e author grateful ly acknowledges financial sup-
port by the Fonds der Chemischen Industrie, valu-
able discussions with Prof. Dr. Jörg Fleischhauer 
(Aachen) , and translation f rom a Japanese paper by 
Prof. Dr. A-Young Woody (University of Colorado, 
Fort Collins). Generous technical support was pro-
vided by Dr. T h o m a s Eifert of the Rechenzent rum 
der R W T H Aachen . 

[1] K. Shimura, J. Agr. Chem. Soc. Japan 24, 412 (1950-51). 
[2] J. S. Chickos, Heats of Sublimation, in: Molecular Structure 

and Energetics, Volume 2: Physical Measurements, J. E Lieb-
man, A. Greenberg, (Eds.); VCH, Weinheim 1987, p. 67 ff. 

[3] C. G. De Kruif, J. Voogd, and J. C. A. Offringa, J. Chem. 
Thermodynamics 11, 651 (1979). 

[4] S. Takagi, H. Chihara, and S. Seki, Bull. Soc. Chem. Japan 
32, 84(1959). 

[5] H. J. Svec and D. D. Clyde, J. Chem. Eng. Data 10, 151 
(1965). 

[6] J. D. Cox and G. Pilcher, Thermochemistry of Organic and 
Organometallic Compounds; Academic Press, New York 
1970, p. 310-311. 

[7] J. S. Gaffney, R. C. Pierce, and L. Friedman, J. Amer. Chem. 
Soc. 99, 4293 (1977). 

[8] S. N. Ngauv, R. Sabbah, and M. Laffitte, Thermochim. Acta 
20, 371 (1977). 

[9] A. Gavezzotti and G. Filippini, Energetic Aspects of Crystal 
Packing: Experiment and Computer Simulations, in: Theoret-
ical Aspects and Computer Modeling, A. Gavezzotti (Ed.), 
John Wiley, London 1997, p. 6Iff. 

[10] G. Junk and H. Svec, J. Amer. Chem. Soc. 85, 839 (1963). 
[11] Y. Grenie, J.-C. Lassegues, and C. Garrigou-Lagrange, 

J. Chem. Phys. 53, 2980 (1970). 
[12] M. J. Locke and R. T. Mclver, Jr., J. Amer. Chem. Soc. 105, 

4226(1983). 
[13] R. Bonaccorsi, P. Palla, and J. Tomasi, J. Amer. Chem. Soc. 

106, 1945(1984). 
[ 14] P. Palla, C. Petrongolo, and J. Tomasi, J. Phys. Chem. 84,435 

(1980). 
[15] Y.-C. Tse, M. D. Newton, S. Vishveshwara, and J. A. Pople, 

J. Amer. Chem. Soc. 100, 4329 (1978). 
[16] L. R. Wright and R. F. Borkman, J. Amer. Chem. Soc. 102, 

6207(1980). 
[17] S. Vishveshwara and J. A. Pople, J. Amer. Chem. Soc. 99, 

2422(1977). 
[18] H. L. Sellers and L. Schäfer, J. Amer. Chem. Soc. 100, 7728 

(1978). 
[19] L. Schäfer, H. L. Sellers, F. J. Lovas, and R. D. Suenram, 

J. Amer. Chem. Soc. 102, 6566 (1980). 

[20] K. Siam, V. J. Klimkowski, J. D. Ewbank, C. van Alsenoy, 
and L. Schäfer, J. Mol. Struct. (Theochem.) 110, 171 (1984). 

[21] J. H. Jensen and M. S. Gordon, J. Amer. Chem. Soc. 113, 
7917(1991). 

[22] M. Ramek, V. K. W. Cheng, R. F. Frey, S. Q. Newton, and 
L. Schäfer, J. Mol. Struct. (Theochem.) 235, 1 (1991). 

[23] M. Ramek, F. A. Momany, D. M. Miller, and L. Schäfer, 
J. Mol. Struct. 375, 189(1996). 

[24] A. G. Csäszär, J. Mol. Struct. 346, 141 (1995). 
[25] GAUSSIAN 94, Revision D. 4, M. J. Frisch, G. W. Trucks, 

H. B. Schlegel, P. M. W. Gill, B. G. Johnson, M. A. Robb, 
J. R. Cheeseman, T. Keith, G. A. Petersson, J. A. Mont-
gomery, K. Raghavachari, M. A. Al-Laham, V. G. Za-
krzewski, J. V. Ortiz, J. B. Foresman, J. Cioslowski, B. B. 
Stefanov, A. Nanayakkara, M. Challacombe, C. Y. Peng, P. Y. 
Ayala, W. Chen, M. W. Wong, J. L. Andres, E. S. Replogle, 
R. Gomperts, R. L. Martin, D. J. Fox, J. S. Binkley, D. J. De-
frees, J. Baker, J. P. Stewart, M. Head-Gordon, C. Gonzalez, 
and J. A. Pople, Gaussian, Inc. , Pittsburgh PA, USA, 1995. 

[26] R. Ditchfield, W. J. Hehre, and J. A. Pople, J. Chem. Phys. 
54, 724(1971). 

[27] W. J. Hehre, R. Ditchfield, and J. A. Pople, J. Chem. Phys. 
56, 2257(1972). 

[28] P. C. Hariharan and J. A. Pople, Theoret. Chim. Acta. 28, 
213 (1973). 

[29] T. Clark, J. Chandrasekhar, G. W. Spitznagel, and P. von 
R. Schleyer, J. Comput. Chem. 4, 294 (1983). 

[30] M. J. Frisch, J. A. Pople, and J. S. Binkley, J. Chem. Phys. 
80,3265 (1984). 

[31] R. Krishnan, J. S. Binkley, R. Seeger, and J. A. Pople, 
J. Chem. Phys. 72, 650(1980). 

[32] T. H. Dunning, Jr. , J. Chem. Phys. 53, 2823 (1970). 
[33] S. Huzinaga, J. Chem. Phys. 42, 1293 (1965). 
[34] Chr. M0lller and M. S. Plesset, Phys. Rev. 46, 618 (1934). 
[35] E. Keller, Chem. Unserer Zeit 20, 178 (1986). 
[36] Y. Ding and K. Krogh-Jespersen, Chem. Phys. Lett. 199,261 

(1992). 
[37] P. -G. Jönsson and A. Kvick, Acta Cryst. B28, 1827 (1972). 


