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Abstract: A combined ab [nitio quantun mechanical/molecalar mechanical (QM/MM) molecular dynamics sirmla-
tion has been performed to imvestigate solvation structure and dynamics of NI in water, The most interesting region,
the sphere includes an ammoniur ion and its frst hydration shell, was treated at the Hartree-Fock level using DZV basis
sel, while the rest of the system was described by classical pair potentiais, On the basis of detziled QM/MM simulation
resuils, the solvation structure of NH, is rather fleaible, in which many water mofecules ave cooperatively involved in
the solvation shell of the ion. Of particular interest, the QM/MM results show fast translation and rotation of NH, in
water. This phenomenon has resulted from multiple coordination, which drives the NH; 1o translate and rotate quite
froely within its surrounding water molecules, In addition, a “structure-bresking” behavior of the NHL is well reflected
by the detailed analysis on the water exchange process and the mean residence times of water molecules surrounding

the ion,
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Intraduction

Solvation steucture and dynamics of ions in water play an impor-
tant role in many chemical and biological systems.”* Besides the
simple alkaline and alkaline—carth metal cations, sounonium ion
(NHJ) is an important chemical species that provides a simple
model for solvated amides.™ In addition, iz compactly folded
RNAs, coordination or hydrogen bonding of this ion in specific
sites 1% a crucial aspect for its ability to stabilize the RNA {fragment
stracture.” The detailed interpretation on the structure and dynam-
jes of NHY in agueous solution has been studied extensively ®
Of particular interest, recent NMR measurements®® have shown
that NF rotates quite fast in aqueous solution, despite the ex-
pected strong hydrogen bonding between the NHS and its sur-
rounding water molecules. To explain soch swrprising phenome-
non, several rotational mechanisms have been proposed based on
either @b initio geometry optimizations’ ™ as well as Monte
Carlo (MC)'™* and molecular dynarnics (MD)*'*2? simulations.
Most of the prcvidus studies have provided usefu information on
the dynamical properties of the hydrated NHJ, such as its fast
diffusive rotational motion. However, the agreement on the struc-
ture of the first solvation shell of NH), which is a necessary
prerequisite for understanding its rotational mechanism, is still far
from satisfactory. On the structural viewpoini of NHJ in aqueous

solution, the most representative piciure of the coordivation to
emerge is of fwo groups of water motecules. There is a first group
of four, which is strongly oriented so as to create nearly linear
N—-H-0 interactions. This structiwal aspect is supported by ex-
perimental X-ray and neutron diffraction studies.™'® The second
group of water molecutes is much less strongly oriented than the
frst, and its structure is a source of major disagreement between
the theoretical observatons, consisting of 1~8 water mole-
cuies, "2 Thay, the comprehensive knowledge of how NI
interacts with water molecules remaing incomplete.

Recently, MD simulation with polarizable models'™ bas been
performed o provide a gualitative prediction on the rotational
dynamics of NI, in water, which is in good agreement with the
experimental observations. However, the coniributions of the ion’s
polarizability are not directly obtainable because there is no direct
measurement of this quantity in agueous solition, and the availabic
data are usually extrapolations from ionic crystal and sadt solu-
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Table 1. Average Binding Bnergies (in keal mol™) and Average Ne—H--() Distances
{in A) of the Optimized NH, -(H,0), Compiex, Caleulated at HE, DFT,

and Higher Correlated Methods.

Basis Set v Dzp
Ehml(i“

Method Epona” (keal mol™") Ry (A) tkeal mol™) Recrn (A)
HF —19.40 [.83 —16.19 1.90
BLYP -21.61 174 - 18,26 1.78
By - 21.89 1.74 -18.44 1.78
MP2 - 19.69 1.82 ~17.25 1.81
MPL-DQ —19.68 1.81 —16.78 1.84
CC-D -19.76 .82 -16.73 1.84
CL-D —19.57 181 ~16.58 1.85

*The average values of energy per ligand.

tions, > =% Another atternpt to obtain a reliable picture of NH; in

water i5 based on first-principle simulation method introduced by
Car and Parrinelio (CP).'® This approach relies on the density
functional theory (DFT} at the BLYP level, and has been applied
on a relatively small system of one NH;" and 63 water molecules,
which has been documented as a severe limitation of the CP-MD
applicability for the treatment of electrolyte solutions.>>* In ad-
dition, although both exemplary approuches can provide quite
reasonable detailed information on the rotational dynamics of
NHJ in water, the observed coordination numbers of 5.8 and
5.3'® are considerably fow when compared (o the resulis from the
X-ray measurement. '

Because both theoretical and experimental observations have pro-
vided a rather inhomogeneous picture of NH, ™ in water, the motiva-
tionn of the present work was to obtain more relisbie data for the
structure and dynamics of this hydrate complex. An alternative ap-
proach to elucidate such detailed information is to apply the so-called
combined ab initic quantum mechanical/molecular nechanical (QM/
MM} MD technigque.”® " This technique has been proven to be a
very reliable simulation scheme, which puts confidence in many new
insights into composition, property, and reactivily of various solvated
ions,** in the present study, therefore, the structural and dynamical
properties of NH, in water will be investigated by means of ab initio
OMAVIM MDD simudation,

Methods

By the QM/MM technigue, % the system is divided irto two
parts, namely the QM and MM regions, The total interaction
energy of the system is defined as

B = <‘P‘QM'H IWQW RRFIVVIEN EQM-- WM {1
where (W omlH|Won) refers to the interactions within the QM
region, while Fyne and Eqpyun represent the interactions within
the MM and between the QM and MM regions, respectively, The
Qi region is considered to be the chemically most important
region, which includes NH, and us first hydration shell. 1t is

treated by Born-Oppenheimer ab initio Hartree-Fock (HF) quan-
tum mechanics, while the rest of the system is described by
classical pair potentials. Basically, the reliability of the QM/MM
results——besides the requirement of adequate simulation time—
depends crucially on the QM size and the basis sets employed for
describing all interactions within the QM region, According to the
N—0 radial distribution function (RDF) obtained by a preliminary
pair potential simulation (data not shown), the first minimum of the
N—O peak is located approximately at 3.8 A. Within this region,
about 8-12 water molecules are involved in the first solvation shell
of NH; . Thus, a QM diameter of 7.6 A and a moderate basis set,
fike DZV,* seems 10 be acceptable within the available compu-
tational feasibility, leading to 4-8 min to compute quantum me-
chanical forces in each QMMM MD step (on a DEC Alpha
XP1000 workstation).

In principle, the inclusion of ¢lectron correlation in the quan-
tum mechanical calculations can improve the guality of the sim-
ulation results, but this is far too time-consuraing, even at the
simple MP2 correlated level, To estimate the effects of electron
cotrelation, geometry optimizations of the NH; ~(H,0), complex
were conducted using @b indrio calculations at different levels of
theory, The average binding encrgies with basis set superposition
error (BSSE) correction, and the average N—H-0 distances cal-
culated at HF, DFT, and highly correlated levels using DZV and
DZP** hasis sets are summarized in Table 1 The QM calcutations
with the DZP hasis set were cawried out to provide a systeratic
comparison of the effects of electron correlation, as well a3 to
critically evaluate the adegnacy of the DZV basis set employed in
the present QM/MM MD simulation. In comparison to the results
of the highly conelated methods, the neglect of electron cormels-
tion in the HE calcudations vields stightly weaker binding energies
with stightly larger N—H--0 distances. In the opposite direction,
the DFT calculations, either with BLYP or B3LYP functional,
yield stronger binding energies and significantly short N-—T=()
distances, most probably cagsed by an overestimation of the cor-
refation energy. This could be one of the reasons why the previous
CP MD study,'® using the BLYP functional, yielded a rather high
rigidity of the ammoniurn hydrate complex. In general, the main
advantage of the DFT, over the HF formalism, is that it uses the
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Table 2. Optimized Parameters of the Analytical Pair Potential for the Interaction of Water with N,

{Interaction Energies in kcal moi™ and Distances in A).
2

Pair A (keal mol™! A% B tkeal mol ™t A7 ¢ (keal mol™h P Ay
NeomO 305,575926 3783.8268 -1794,3290 214078153
N—H{W) -~-3508.815361 1388.6633379 10361.9733 230508598
HA O —349.7620287 1760625425 049342614 3.79455210
HA ™ JmH{W) 27.04923252 23.01613451 —31.5685243 1039927027

exchange-correlation operator instead of the exchange operator, so
it partiaily includes electron correlation according to the £, [p
functional. However, becasse the extent of electron corrciation
included in DFT calelations is not exactly knows, lower ¢coordi-
nation numbers and the overly rigid stuctures were often found
when wsing this method, especiafly for the treatment of lonic
solutions,”®*3% Prom the data obtained in Table 1, it counld be
assumed, therefore, that the effects of electron correlation would
have a minor influence on the ammonium~water interactions, and
that the ab inizie calculations at the HE level using DZV basis set
are accurate enough to produce reliable structure and dynamics
details of the hydrated NI/, On the other hand, a comparison of
the HF calculations with the DFT results with their inherent
tendency towards lower coordination numbers and a too rigid
hydration shell also appeared bhelpful to estimate the methodical
boundaries.

During the QM/MM simulation, exchange of water molecales
between the QM and MM region can oceur frequently. In this case,
the forces acting on each particle in the system are swilched
according to wldch region the water molecsle is entering or
leaving, and can be defined as

F{ - Sux(") FQM + (1 - Sm(r]}[j!vi;’vh (&)
where Fo and Fyyy are guantum mechanical and molecular
mechanicat forces, respectively. §,,(#) is a smoothing function,™

Sary =1, for r = ry,
s ( ) (F" +- 2 — 'Srﬂ i
) = : . fore <=y,
" {’” o F ;.}3 ] o
Salr) =0, for r>> ry, (3
where r; and 1y, are distances charactenrizing the start and the end

of the QM region, applied within an interval of 0.2 A (i.e., between
the N—Q distance of 3.8-4.0 A) to ensure a continuous change of
forces at the transition between the QM and MM regions,

For interactions within the MM and between the QM and MM
regions, a flexible model,*** which deseribes inter- and intramo-
lecular interactions, was employed for wafer. The use of flexible
model is favored over any of the popular rigid water models, to
ensure compatibility and a smooth transition, when water mole-
cules move from the QM region with their full flexibility to the
MM region, The pair potential function for describing NH, -H,
interactions was newly constructed using the Aug-ce-PVTZ basis
set. ¥ With respect to a symmelric tetrahedral geometry of the

apumonium jon, 878 HE interaction energy points for various
NH, -H,0 contigurations, obtained from Gaussian98*® calcula-
tions, were fitted to an analytical form of

‘ , a0 .
Aﬁm;g-mo A }4 [‘) + —“ - LUC‘(P( Ldyryy - J icY

it LY i

where A, B, C, and D are the fitting parameters (see Table 2), Ty
denotes the distances between the ~th atoms of ammoniom jon aud
the j-th atoms of water molecule, and ¢ are atomic net charges. The
Mulliken charges on N and H of NH;", obtained from ab initio
calewlation using the Aug-cc-PVTZ basis set, and on O and H of
ihe water molecule, which adopted from CF2 model,** were set to
----- 0.5186, 0.3796, -~ 0.6598, and 0.3299, respectively. It is known
that, through lon~water interactions, these values change. How-
ever, the changes are partislly compensated by the other ferms in
the potential during fitting to the @b initio encrgy surfaces.

The QMMM MD simulation was performed in a canoaical
ensemble at 298 K. The temperature of the ensemble was kept
constant using the Berendsen algorithm,* with a relaxation time of
0.1 ps. The cubic box, with a box length of 18.17 A, contains one
NH], and 199 water molecules with periodic boundary conditions.
The Newtonian equations of motion were treated by a general
predictor--corrector algorithm and the thne step was sel to 0.2 13,
which allowed for explicit movement of hydrogen atoms of NH
and water, The reaction-field method®' was employed for the
freatiment of long-range interactions. The system was initially
equilibrated by performing a QM/MM MD simulation, in which
only the NH; was treated guantum mechanically, for 200,000 time
steps. Then, the QM/MM simulation with a QM diameter of 7.6 A,
was started with the system’s reequilibration for 30,000 time steps,
followed by another 80,000 time steps to collect confligurations
every 10th step.

Because the characteristics of pure water represent a most
important reference for the description of a hydrated ion, a com-
parison of the results with water data obtained ar similar Qivi/MM
level of accuracy was performed. Thus, the bulk properties dis-
cussed in this work refer to the properties of pure water obtained
hy a commpatible simulation,*' pamely a QM/MM simulation with
a QM diameter of 7.6 A was carried out under the same conditions
as reported in this work, simply replacing the jon by a water
molecufe.
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Figure 1. (a) N-—0O, (b) N---H, (¢) He0, and (d) Hy--H radial
distribution functions and their corresponding integration numbers,

Results and Discussion

Structural Praperiies

The hydsation structure of NH is characterized by means of
Newwr 0y Neww i, Hygr-0, and Hy—H RDPs and their corresponding
imtegration numbers, as shown in Figure 1. The QM/MM simula-
tion reveals a broad upsymmetrical first N—-0 peak at 2.84 A,
together with considerable tailing up to around 4.7 A, Tn compar-
ison to the O—-0 RDF of bulk water, as depicted in Figure 2, the

corplex, as well a5 a high mobility of first-shell water molecules.
In addition, the first minimum of the N—O peak is not well
separated from the buik, suggesting that water molecules surround-
ing the NH;" are quite labile, and are loosely held by the ion. The
ohserved hydration struciure of NH, is significantly different to
those obtained by the most recent MDY simulations,'”'® which
reported rather well defined the first and even the second solvation
shelfs of the ammoniwn ion. In the present QM/MM simulation,
the minimnum position of the N-—O RDF may be roughly estimated
1o be 3.5 A, where an integration up to this N—O range gives
coordination number of 6.5 & 0.2. Figure 3 shows the probability
distributions of the number of surronnding water molecules, cal-
culated within the N-Q distances of 1.0, 3.5, and 4.0 A, respec-
tively. With respect 1o the N-O distance of 3.5 A, a preferred
coordination number of 6 is observed, foliowed by 7, 5, and § in
smalter amounts. Apparently, numerous possible species of hy-
drated NH," exist, varying from 4- to 10-fold coordinated com-
plexes. In fact, a small shift of N0 minimum will have signif-
icant impact on the coordination number, For example, at a slight
Jarger N~} distance of 4,0 A, the most frequent observed number
of water molecules increases rapidly from 6 to 10, The QM/MM
resuits demonstraie that numerous water molecules can mamally
play a role in the hydrogen bond formation of NH] in water.
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Figure 2. (a) O, () O-H, {c) H—0, and (d} H~~H radial
distribution functions and their corresponding inlegration numbers,
The first atom of each pair refers w the atoms of the water molecule,
whose oxygen position was defined as center of the QM region during
the QM/MM simulation,

Compared o the experimentally observed coordination number of
8% good agreement can then be achicved. In fact, comparison
between experiments and theories is not always straightforward
because most of the experimental methods for structural analysis
have to be performed with solutions of relatively high concentra-
tions, while the theoretical approaches mostly refer to very dilute
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Figure 3. Coordination number distributions, caleufated up o the
N} distances of 3.0, 3.5, and 4.0 A, respectively.
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Figure 4. O-N-O apgular distributions, caleulated up to the N-O
distances of 3.0, 3.5, and 3.0 A, respectively.

solutions. As a consequence, a courdination number determined
experimentally for high concentration solutions can be affected by
coexisting counferions. Rapid Hgand exchange poses another prob-
lem for the interpretation of experimental data, as it often leads to
the simuitancous coexistence of several solvate species with dif-
ferent geometry and coordination number. When trying to fit 2
single (averaged) model to the spectroscopic data of such a system,
errors will necessavily be introduced.

The hydrogen bonding between NHY and water can be infer-
preted via the Hy 0 and Hyg—H RDFs, as depicted in Figure 1¢
and d, respectively, The first H—O peak is centered at .84 A,
which is an indicative of hydrogen bonds between the ammonium
hydrogens and their nearest-neighbor water molecules. Integrating
up 1o the first Hy—O minizaum yields about 1,] waters, indicating
that cach of anunoninm hydrogens coordinates to single water
malecale. Compared 1o the O—H and H-Q RDFs of pure water
(Fig. 2b and ¢), the first H—0 peak is not well separated from the
second one, peinting at a more frequent and easy exchange of
water molecules between the first shell and the outer region.
Together with a rather broad Ne—H RDE, the QMMM results
clearly show that the hydrogen bonds between NH; and water is
not extremely strong, in contrast to the recent MDD simulationg' 78
which suggested that the first four water molecules formed a tight
first solvation shell around the NH , From the QM/MM simula-
tion, the hydration eathalpy of the NH; can he approximated by
caleriation of the energy difference between the ion—water and the
water-water interactions of the solution and the water—water in-
teraction energy of the pure water, under the jdentical conditions,
In this work, the hydration enthalpy of NH, is estimated to be
—~85.7 keal mol ™!, which is in good agreement with the experi-
mental values of between —84 and —89 kcal mol™ ' >+

Figure 4 displays the O-N-O angular distributions, calculated
up to the N0 distances of 3.0, 3.5, and 5.0 A, respectively, At
short N0 distaiices, a tetrabhedral cage structure of the hydrated
NH is recognizable by a pronounced large pesk between 80
120°. The slight distortion from the ideally teteahedral arrange-

ment can be nnderstood due to the interference between the first
four water molecules that are directly hydrogen bonded to NH;,
with the other nearest-neighboring water molecules. Tt is obvious
that some other nearest-neighbor water molecules can also position
closely to the ion, even at a short N+Q distance of 3.0 A, as can
be seen from a shight pronounced peak around 60°, This phenom-
enron is understandable because water molecules are quite small, in
which many of them can form cluster around the ammoniom fon.
As a consequence, water molecules can involve in the hydrogen
bond formation with the ion, and thus, providing the fexible
structure of the NH, -water complex,

Figure 5 illustrales the characteristics of the hydrogen bonds
between NH) and water by means of the disiributions of
N—H~0 angle, catculated within the Hyy-+Q distances of 1.8, 2.0,
and 2.5 A, respectively. At the short Hy~O distances of 1.8 and
2.0 A, the N~H~0 hydrogen bonds are nearly linear, with peak
maxima aronnd 160-17G°. Considering at the H,~O distance of
2.5 A, which comresponds to the first Hy-— RDF minimum, the
probability of finding linear hydrogen bonds apparently decreases,
while the pronounced peak between 90-140° becomes more sig-
nificant, The latter peak implies the presence of multiple, nonlinear
hydrogen bonds within the {irst solvation shell of each of anumo-
nium hydvogens. The observed maltiple coordination can be ana-
tyzed by plolting the H—N-O angular distributions, caleulated
within the N-+O distance of 3.5 A, as depicted in Figme 6. The two
pronounced peaks around 0--30 and 90-120° correspond to the
digtributions of the four nearest-neighbor water molecules that
form nearly linear hydrogen bonds io each of ammonivm hydro-
gens. Apart from the water molecules that are directly hydrogen-
bonded to the NH, it seems that other nearest-neighbor water
molecules prefer to form bifurcaied complex between two ammso-
ninm hydrogens. The preferred bifurcated structure of the nonhy-
drogen bonding waters, over the tifurcated ove, can be recogniz-
able from a move pronounced shoulder peak around 50--80°,
compared to that of around 1501807, The QMMM resuits are in
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Figure 5. N—H~0O angular distributions, caleulated up to the Hy0
distances of 1.8, 2.0, and 2.5 A, respectively.
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Figure 10, Mean-square angular displacements of NFL in water as 4
function of time,

where 007} denofes the angle formed by a vector in the body-fixed
frame at with its initial divection {8 = 0 at ¢ = 0). The computed
mean-square angle (A(1)7 as a function of time is displayed in
Figure 10, and the rotational diffusion constant estimated from the
slope was 0,088 > 10" rad®* 5™, which is in good agreement with
the experimental value of about (.075 X 10"*rad® s ! obtained by
the NMR measurements,**

The ease of NE, rotation can be ascribed duc to the prescnce
of nwmerous water molecules around the ion that facilitate the
rotation. Based on the QM/MM resolts, the most prebable rota-
tional dynamics of the NH, in water can be considered as follow.
Because the hydrogen bond between NH, and water is not ex-
tremely strong, its strength maybe somewhat comparable to that of
hetween water and water. Hence, when a number of water mole-
cules interact with the ion, the first four nearest-neighbor waters
are temporarily immobilized at each edge of the tetrahedral NH, -
water cage structure, while the others are more labile and are
placed in bifarcated configurations between two ammonium hy-
drogens. Thus, it is obvious that because of the bifurcated waters
that significantly enhance the ease for cach of ammonium hydro-
gens fo break its original hydrogen bond (with its original water
molecule) and then to form a new hwdrogen bond with another
(bifurcated) water molecute. With sufficient amount of bifuercated
waters, possibly up to six water molecules (according to the rough
estimated first hydration sbell, see Fig. 3), all possible reestab-
fished N—H-+(3 hydrogen bonds can easily occur along any rota-
tionral pathway of the NH; . The QM/MM results support well a
proposed multiple hydrogen bonding rotational mechanism,® and
are in good agreement with the NMR cxperiments,® as well as
being congistent with the reported rather low activation energy,
for the reorientation of NH; in agueous solution,®15®

Warter Exchange in the Hydration Shell of NH [

Within the total simulation time of 16 ps, several water exchange
processes oceurring at ach of amronium hydrogens are observed.

To focus more distinetly on the water exchange processes, the plot
of PO distance is zoomed within the HygQ distance of 4.0 A
and for onty the first 8 ps of the QM/MM simulation trajectory, as
depicted in Figure 11. It is obvious that water molecules surround-
ing the ammonium hydrogens can exchange by any of the pro-
posed “classical” types, namely associative (A) and dissociative
(1) as well as associative (1,) and dissociative {7} interchange
mechanisins,” These data confirm the structaral lability of the
NH; in agueous solotion, corresponding to the appearance of
various possible species of the bydrate complex formed in the
solution,

The rate of water exchange processes at each of ammonium
hydrogens was evalnated by means of mean residence time (MRT)
of the water molecules. In this work, the MRT values were
caleulated using a “direct” method,*® being the product of the
average number of nearest-neighbor water molecules located
within the Hye-0O distance of 2.5 A with the duration of the
QM/MM simulation, divided by the number of exchange events,
Based on the direct accounting and setting various time parameter
*, the MRT values are listed in Table 4. The time parameter i* hag
been defined as a minimam duration of the ligand's displacement
from its original cooedination shell. For such weakly hydrated
NH;, the # = (.5 ps was proposed (o be the best choice™ as it
ccrre:p(md% o the triean !ifctime of i)ydro;,en izcmci's With re%peci‘

sense i{Jr the estirnation of H- bond ]1ﬁ:umm winlc Ihe MRl data
obtained with r* = 0.5 ps can be considered as a good measure for
ligand exchange processes. In accordance with the r* = (.5 ps, an
order of 7y (H;) < 7y (H;0) is observed. The QM/MM results
clearly show that water molecules binding to each of ammonium
hydrogens are quite labile, and that the hydrogen bond between
NH; and water is not very strong, allowing numerous water

m* %‘ﬁ, GEESEW A

H -0 Distance (A)

tr
.“f‘ 5
i

® ) % o Y i _ ?¢, §

Simulation time {s)

Figure 11. Water exchange in the first solvation shell of each of
aminonivwn hydrogens, emphasizing for only the first 8 ps of the
QMMM simulation.
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Table 4. Mean Residence Times of Water Molecules in Bulk and in the
First Solvation Shell of Each of Ammoninm Hydrogens, Caleulated
within the HyO Distance of 2.5 A,

% 2= b ops o= 0.5 ps
Solulefion CN teim NY, o g T
H, 105 16.6 204 0.08 3 1.29
H., 114 16.0 231 0.08 iz .52
I, 113 6.0 267 0.07 14 129
H, 1.08 160 227 0.07 13 1,33
Pure H,0* 4.6 12.8 292 019 31 1,78

N, 15 the number of accounted exchange events, £, the simulation tiroe
in ps, and ON the average coordination number of the first hydration shell
of water and of each of ammonium hydrogens.

exchange processes within the hydration sphere of the NH) to
frequently occur. In addition, the MRT data also reveal the “strue-
ture-breaking”™ ability of the NH; in agquecus solution. The “struc-
ture-breaking™ effect of the NH can be recognized from s
flexible hydration structare, as well as from the MRT values of
water tnolecules surrounding the 1on, which are smaller than that
of the buik. The QOM/MM results suggest that the NH; cannot
form a well-defined ion-water complex, and its influence can be
concetnied mainly to disrupt the solvent’s hydrogen-bonded strug-
tuge.

The detailed information on the solvation structure and dynam-
ics of NH; in water is very crucial to fundamentally understand
the reactivity of this ion in chemical and biological systems. For
example, in the specific loa stabilization of the RNA structure, the
potential of NH; 1o donate four hydrogen bonds in a tetrahedral
geomelry has been considered to responsible for its ability to
stabilize the RNA fragment structure more effectively than the
alkali mefal cations.” Forthennore, becanse the RNA fragment
selectivity for NH, is the result of & match between o etrahedral
array of hydrogen hond zcceptors in the RNA and NH,, the
cortect coordination or hydrogen bonding of NH, in specific sites
is of particular importance to promote the correct conformation of
the RNA.

Conclasion

The combined ab initio QMMM molecular dynamics simulation
has provided more detatled descriptions on the stroctuce and dy-
namics of NH; in water. The QM/MM simulation has revealed a
flexible and more labile hydraton structure of NHY, in which
numerous species of hydrated NH, appear, varying possibly from
4- to 1(-fold coordinated complexes. Consequently, the observed
fast trapsiation and rotation of NH,™ in water can be understood
due to its flexible hydration as well as the cooperative involvement
of the multiple coordination that drives the ammoninm ion to
translate and rotate rather freely around its surrounding water
molecules. In addition, the QMMM simulation has demonstrated
the behavior related to the “structore-breaking™ ability of this jon
in aqueous solution. We believe that the QM/MM results presented

here are accurate, and that the QM/MM technique can be seen as
a very promising ool to investigate the structural and dynamical
properties of such highly labile NH, hydrate.
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