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CHAPTER 5

51 Zn -NH i

ecreases only slightly when

. incyea (0 575. The low value of 0.409
kcal/mol indicates that e ifite | nia is well represented by
the function. A compagis : 1 energies obtained from scﬁ
calculation and fitted functién afvatio jon, as shown in Fig, 4.2, are in good

In Table 4.2, #fe sthndaf

g
ﬂlﬂnum‘]ﬂ[ﬂfSEF t':_ '. 15 _..!r ‘- rreased from

Fig. 4.1 indientes that the function-ca e the at ive i i
very well, while it is e interactions. However,

mmm?mmwmm‘mmmﬂ
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5.2.1 Non-Additivity of Zn(II)-NH, Pair Potential

From Table 4.3, the ion-nitrogen distance is found to increase and the
smbﬂha&mmgypermmuniamﬂecﬂe,éﬂivl.mdemmeumpmmd,forﬂu
larger clusters. Since no literature data available for the metal-ammonia system, these
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results can only be compared to the cation-water system. Since most of small cations
prefer octahedral coordination under normal conditions, the calculations for n=6 are
the most interesting. The increase of the Zn(Il)-N distance of 0.33 A from n=1 to n=6
is quite large , whereas the corresponding values for Na(I), Mg(Il) and AI(II)

complexes with water are ﬂ y *y and 0.13 A, respectively [75]. The
accompanying drop in th ' ﬂl@?ﬂﬂ molecule is 28% (%E,;) for
the Zn(II)-NH; cluster and be corresponding Zn(I)-water
plex stability despite of the

larger increase of an NH; should cause by the
"softer” character of nigfo S £ 18 allowing a good stabilization even

clusters. The main

at the increased di

Table 4.3 also demons umption of pairwise additivity of the
Zn(IT)-NH; interaction e: erg : 8% for Zn(IT)-(NH;)g, while these
discrepancies for } V and_ AN in wates “hre 8%, 15% and 21%,

i ey
respectively. Since this| percenta 7 ; m,r Zn(II)-NH; is quite high,
neglect of ﬂuee-body copeéuom in the c simulations would most probably

wluchareoﬂnr%enotvﬂysumu‘emthemr@onpomud
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5.2.2 Three-body terms

mmmhdymecﬁm&ghhﬂighﬂvaeushmdimw&(ﬂﬂE 1.8
A}mdrmﬂﬂwmﬂmdiuedismmhememZAMdSAbefmdmyﬁ:gm
m«ahmtﬁ-?&.ndmplemﬂyﬁcﬂmmnmpmpeﬁymmm
musualﬂmebodyhdmvinmobumedfnrﬂmﬁ(mmsymwm,h
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the fitting procedure, it was decided to omit about 300 attractive SCF data points in
the regionof r1,r2 < 1.8 A.

An unusual behavior of the three-body correction similar to our has been observed
by Lybrand and Kollman, who found that three-body interactions for the hydration of
Mg(l) are attractive at short dist ) and repulsive at medium distances.
The same behaviour has lanke et al. [76] for Mg(Il) and
Ca(II) water-clusters and by Keekanski O (H,0), system.

The omission of these@itamute, thrac-body teqms aidistances < 1.8 A in the fitting
should not cause an // _ tative aviour of the three-body

function since they wefild fcgt
already highly repulsivg

A strong three-body #£ff; t‘ﬁ%@;@ ized, especially when both ammonia
fis (Figure 4.4 (a) and 4.4 (b)

there the two-body terms are

molecules are coordinated/in the. sph

where r2=1.95 A and 2.00 A s tively). Th ﬂuee-bodjr interaction energies are

P %BM&I%@ $ifidlions | 3] Radial - Distribution

Functions and Ru nning Integration Numbt-rs
INYIAY

q Wf] a QAQDEHIE% Erm’}]ﬂ radial distribution functions and the
corresponding integration numbers displayed in Fig. 4.5 for both simulations, without
and with three-body correction, the solvation structure of Zn(ll) in ammonia is
strongly influenced by the non-additivity correction, both for radius of solvation shell
and the corresponding coordination number. Without the use of the three-body
a:om:ction,theﬁrstsol?aﬁun@hﬂconn(H}ismpmadbyuhamZn(lI)-Npmk
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at 2.10 A, followed by a small pronounced peak centered at 2.85 A. Integration up to
ﬂmlucaluﬂnimumhctwaenﬂmmleadstonnumbcrnfﬁ.ﬂamoniamnlecuhs and
over both peaks up to 3.50 A to a number of 9 ammonia molecules. Inclusion of the
ﬂuae-bodytannscmmashglcdiﬁnmpeakfmthtﬁmsolwﬁmshcﬂwhdse

Zn() in liquid ammonigf itfseenis that the poteptial function including three-body
| conventional pair potential. The

assumption of a realistic____w ion o  /Zo{ID) _solvation in NH; by means of

mMMmmwmﬁmFm systems, conventional pair potentials

h”““”‘ﬁ‘%%%%ﬂ%ﬁﬁ investigations, but the

cun‘cctmn was sufficient fo establish full agreement with

m@%@mmmumwmaﬂ

5.3 Molecular Dynamics Simulation Using Zn(II)-NH, Intermolecular

Pair Potential Without Three-body Correction

SecﬁoniZhasshnwnhuwmuchthcthrwbodyaﬁem
influence the structural properties. The Molecular Dynamics simulations using the
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Zn(I)-NH; intermolecular potential excluding three-body terms were performed in
order to compare the results with the Monte Carlo data of section 4.2.3 .

The gz,n(r) of MD simulations for the two temperatures (Fig.
mumwshmppeakmzm.imagrmmmmmcmw followed by a number
of local peaks around 2.6-3.6'A! Althofgh the MD RDFs do not show the
well-pronounced second p ) VIC, : of MD and MC approach zero

about 3.5 A. In addition, integrations up {hie first dogal minimum at 2.5 A, and up to
3.5 A, lead to the o', / civel se accordances of MD and
MC mean that the g6n ot _l.';'f itely fails to represent the
interactions between .. i ;" state. Therefore, all further
simulation work was garge: \ : intermolecular potential

5.4. 1, Solution Stru

ﬂumwﬂmwmm

(a) Solvent Stru ure

QW']MT’I?&MWTJWEI']&EJ

mﬂmfamﬂutﬂ::remmﬂyommnparﬂSmmmmohmles the

observed solvent properties are within the limits of statistical error identical with
ﬂlmufpmnﬁquidmanin.TheN-NRDF&umﬂmx-mymemunmbyﬂm
[73] at 277 K (see Table 4.5) exhibits a maximum at 3.37 A and minimum at 5.3 A
leading to the coordination number of 12. The MD results agree well with these X-ray
data, especially for the coordination number and height of the first RDF peak. The
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N-N nearest neighbour distances resulting from four other simulations [33,76-78]
agreewirhhmemodicallimitswiﬁ:thcontsfnuudhithiswmkmﬂﬂmx—ra}r
measurement, while those reported in [79] and [80] are smaller by about 0.2 A. All

only a small deviation from s_-;g-fi, tion and they are not significantly
rares €2id4:9). The shoulder in the N-H RDF
(Fig. 4.8) at approximaiely"2” oiids {6 thefirst maximum of the O-H RDF
. Pease, e first and second peak in the
only weakly pronounced, shows the

i.l'l water [31]. Thﬂ ‘-'«ik [}
N-H RDF are not sepira
relatively low contribiitiogfof droge nding to “ structure of liquid ammonia.

This is in agreement wii oordination number which also

favours the picture of a close ef than that of a hydrogen bonded
network.
re of the Zn(II)
In Fig. 4.7 the Zn;N RDF and the gorresponding running integration numbers

o the o el e it 1A SHELIINS wivin st e

mmﬁumﬂmMpcakw;ﬁmnﬁmﬂiHAdeilAM'HSKMZ#SEK
mspccﬁlm atﬁmm l%ml’ulglm ﬂ,l a (E-LDF in water at
277 K [74] (Table 4.5). Integration of the Zn-N RDF over the first solvation shell
yields 6 ammonia molecules indicating favourization of an octahedral structure,
which is in agreement with the result of our Monte Carlo simulation (see 4.2.3).
Diffcmehﬂ:e?n-NRDFbetwmthctwummpcmmmmfﬂmdmdyinﬁm
heights of the first peak and the distances of the second maxima. The higher first
maximum of the RDF and shift of the second solvation shell to shorter distance for
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266 K show the effect of pressure ( about 5 bar) on the solvation structure. In the case
of aqueous solutions [82-84], increase of pressure does not significantly influence the
hydration shells but only hydrogen bond structure of bulk water.

542 m@”
9

Vo

J
T ——

= -
1 Li's

property available only from
MD and MC si
probable N-H bond

shown in Fig. 4.10, the most
of Zn(Il) is longer than
that of ammonia in I ) mmonia in the solvation shell are
weakened by the integaCtigh Gers al) an ‘nitrogens. In comparison with Li(I)
and Na(D) [33,76], Zo(fha a mut or O the etimnoleculie geometry
of ammonia in the solvati nost probable H-H distances and

o d ’ B - - -
HNH angles to lower values (Fig. 4.12) for ammonia in the solvation shell
i c-‘ Chaish i X e 5

The effect of femperatu ia by broadening of the N-H, H-H

and HNH peaks at increased temperature gan be explained by simple kinetic theory.
mmmkum mmwmmmmm
narruwwhenthnt ccording to the effect/of pressure on the

wotvaid} 4 AV XLREIR AR o

which Ieads to more restrictions in the movement of the hydrogen atoms.

5.5 Dynamic Properties

Normalized velocity autocorrelation functions (VACFs) allow the
investigation of translational motion of Zn(II) and of translational motion, vibrational
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motion and rotational motion of ammonia molecules. Due to the cost of simulations,
more illustrative data by Fourier transformation could not be provided. Therefore, it is
difficult to distinguish rotational and vibrational motion by the VACF itself.

In Fig. 4.13 the normalized '

ACFs are plotted versus time up to 1.8 ps. The

of bulk ammonia decays to

Zero over a time rangg' ).3 ps and remains zero except for statistical noise.

There are some small » zero which were not observed

in the simulations report “Han 3]. These fluctuations indicate the
£

influence of Zn(Il) on ammonia beya shell. Large oscillations in the

The normalized ¥ ACF' of nitrogen and hydrogen atoms (Fig. 4.15 and 4.16)

give some M@Mﬂlﬁ Mm Nitrogen VACFs,

show after smoothing the same beMavior as the center-of-mass WACF of ammonia
molﬂcua m mm mm,lnm "} a: Hhalc ammonia
mnleculasarcdommatndbyﬂmufmmgmatums A series of pronounced local
peak in nitrogen’s VACFs and large oscillations in the hydrogen’s VACFs give
evidence of intemal vibrations of ammonia.

Without Fourier transformed data, unavailable for aforementioned reasons,
the effect of temperature on dynamic properties, rotational motion and intramolecular
vibration can not be clearly visualized.
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