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The multiphoton ionization of the hydrogen-bonded clustefd,N,—(CH;OH), was studied using a time-
of-flight mass spectrometer at the wavelengths of 355 and 532 nm. At both wavelengths, a sefi€fNef-C
(CH3;OH),H™" ions were obtained. The clusters were also studied by ab initio calculations at B3LYP/6-31G**,
MP2/6-31G**, and B3LYP/6-311G(2df,2p) levels. The equilibrium geometries of both neutral and ionic
C4H4N>—(CH30OH), (n = 1, 2) clusters and the dissociation channels and dissociaton energies of the ionic
clusters are presented. The results show that whghNo—CH;OH is vertically ionized, GH4N,H' and

CH3O are the dominant products via a fast proton-transfer reaction. A high energy barrier makes another
channel corresponding to the production oHN,H" and CHOH disfavored. The dominant dissociation
products of GH4N,—(CH;OH)," should be protonated ions@4N,—(CH;OH)H*. In C4H4N,—(CH;OH)HT,

the proton prefers to link with the N atom of pyrimidine.

I. Introduction Trigger l
Signal

Proton transfer through hydrogen bonding is an important . _ o
mechanism of many chemical and biological proce$sgst wgﬁgﬁmr = B
has received a great deal of attention of many theoreticians and L 1
experimentalists because of its importance in elucidating various (Computer

; . . . . [Pulse Valve] Computer )

phenomena in nature? It has been found that in the ionization —
processes (such as multiphoton ionization) of many hydrogen- Prechamber = Lens MainChamber
bonded clusters, the predominant products were the protonated Pused | ... | ™
ones, and sometimes they were nearly the only ones. These G Valve | S R
protonated products are suggested to arise from an intracluster % -
proton-transfer reaction accompanying the dissociation pro- 104Ps
cesses®

Pyrimidine (GH4N) is a compound of six-membered, )

: T . . ; Detector of

nitrogenated aromatic ring, in which exist two different proton- [Turbo Puma E;:;::o oo Puma|

acceptor sites: the ring cloud and the lone pairs on the Figure 1. Scheme of the experimental setup.
heteroatoms. The structural features of the pyrimidine ring are

found in a variety of important biological molecules. It is, in . Experimental Section
particular, the main constituent of nucleotides. Caminati &t al. . )
investigated the pyrimidinewater cluster by use of millimeter All experiments were performed on a homemade time-of-

wave and microwave Fourier transform. The moments of inertia flight (TOF) mass spectrometer. A schematic diagram of the
they derived were consistent with a planar (or nearly planar) 1OF mass spectrometer used in the experiments is shown in
structure of the cluster in which one hydrogen of the water F19uré 1. Pyrimidine- and methanol-mixed clusters were
molecule is bound to the nitrogen of the aromatic ring and the mtrpduced through a 0.29.mm pulsed nozzle into the ionization
“free” water hydrogen is entgegen to the ring. Matrix isolation {ﬁgmn I?‘catebd att) the L‘?a'” ChaTrEb?r thag was S"\if_a:?;%j fr_;)hm
FT-IR studies and ab initio calculatidAsuggested the presence € prechamber Dy a SKimmer. 1he laser beam (Nd: Wi
of N---H—OH in the pvrimidine-water cluster. As a whole a pulse width of 10 ns, a maximum output power of about 35mJ
. pynm . ' '’ for 532 nm and 13mJ for 355 nm per pulse) focused by a quartz
there is scarce data regarding the pyrimieingethanol clusters,

. . . lens intersected the cluster beam. lons formed by the photo-
W.h'Ch are the S'”?p'_es_t clusters that can be directly cqmpared ionization were accelerated in a double electrostatic field of 0.8
with those of pyrimidine-water clusters. The only available /iy the direction perpendicular to both laser and molecular
result is the hydrogen bonding properties of pyrimidine  peams and directed through a 0.8 m long free-field flight tube,
methanol cluster studied by Nobeli et!alwith distributed which was differentially pumped by two 1500 L/S turbo-

multipole analysis (DMA) and intermolecular perturbation - molecular pumps. The base pressure in the main chamber was

theory (IMPT) methods. maintained at 8.0« 10°¢ Pa and pressure in the prechamber
In this work, we present ab initio calculations and multiphoton typically raised from 6< 107¢ Pa to about 8.&x 10~* Pa during
ionization studies of pyrimidinemethanol clusters. normal operation. The ions were then detected by a micro-
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channel plate (MCP) detector connected with a fast preamplifier.
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TABLE 1: Calculated Total Energy (E) and Zero-Point

The mass spectrum was recorded by a 500 MHz transient Vibrational Energy (ZPE) for the Pyrimidine, Methanol, and
recorder (EG&G, Model 9846-500) coupled with a computer, ClUSter Species (Unit: hatrees)

The experiments were operated at 5 Hz and TOF spectra were

accumulated from 1024 pulses.

Pyrimidine (Fluka, purun® 98%) and methanol (Shanghai
Chemical Industry, 99.9%) were carried by helium (Dalian
Chemical Industry, 99.999%) into the ionizer through the pulsed
valve. All samples were used without further purification.

Ill. Computational Details
The program GAUSSIAN98 (Rev. AH)was used in the

computations. For all the molecules and clusters considered in

this work, the initial geometries were optimized at the B3LYP
density functional method with the 6-31G** standard basis set,
and MP2/6-31G** single-point calculations were performed on
the optimized structures. Stationary points were confirmed
through the calculation of vibrational frequencies, which were

species E(B3LYP)? ZPE (B3LYP} E (MP2p
CHsO —115.0546 0.0368  —114.7094
CH,OH —115.0608 0.0375  —114.7241
CH;OH -115.7218 0.0505  —115.3769
CH;OH—OCH; —230.7891 0.0908  —230.1037
CaHaN, —264.3295 0.0771  —263.5403
CaHaN2* —263.9997 0.0757  —263.1776
CaHaNoH* —264.6870 0.0907  —263.8947
C4HaN>—CH5OH —380.0657 0.1308  —379.0000
CaHaN,—CHOH* ¢  —379.7298 0.1285  —378.5899
CsHiN,—CHOH* (I)  —379.7705 0.1285  —378.6313
CaHaN,—CH,OH* (I) ~ —379.7758 0.1295  —378.7050
TS (=11 —379.7151 0.1245  —378.6379
CaHaN,~CH,OH—H*  —380.4466 0.1435  —379.3710
C4HaN,—(CHsOH), (I)  —495.8073 0.1845  —494.4323
C4HaNo—(CH:OH), (Il)  —495.8014 0.1844  —494.4283
CsHiN,—(CHsOH)," =~ —495.5225 0.1814  —494.0399

aB3LYP/6-31G**//B3LYP/6-31G** values® MP2/6-31G**//B3LYP/

also used to evaluate the zero-point vibrational energies. The6-31G** values.® The subscript ver indicates vertical ionization.

transition state was verified by frequency and IRC calculations.
For the dissociation energy of the neutralHzN,—CH;OH

cluster, the basis set superposition error (BSSE) correction was,

carried out using the counterpoise (CP) method. Since the valu
of (0= 0.76-0.77, close to the ideal value 0.75, spin
contamination was negligible. To give a comparison, some
calculations were also carried out at the B3LYP/6-8G(2df,-

2p) level.

IV. Results and Discussion
A. Mass Spectra.The typical mass spectra ofj@4N,—(CHsz-

e

Figure 3b,c shows that the two ionic clustergHgN,—CHs-
OH" have nearly linear hydrogen bonding structure. However,
being largely different from the neutral, the-XD bond length
is shortened, and the bridging H atom is closer to N, which
makes the ionic clusters look like {84N;H---OCHg)* and
(C4H4N2H"'OHCH2)+ but not (QH4N"'HOCH3)+. Namely,
both the two ionic structure show obvious “proton transfer”
characters. This kind of change of structure is comparable to
that of (CHOH),*, (H20),", and (NH),".24 Additionally, the
hydrogen bond lengtRy-o decrease 0.201 A (ionic structure
) and 0.240 A (ionic structure II) relative to that of the neutral,

OH); clusters at the laser wavelengths of 355 and 532 nm arerespectively, mainly due to a stronger electrostatic interaction

shown in panels a and b of Figure 2. Both figures exhibit a
sequence of protonated iongHGN,—(CH3zOH),H™*, while the
relevant unprotonated ions could not be detected. Additionally,
a series of protonated methanol cluster ions {0H),H™ can

in the ions.

Two structures of gHsN,—(CH30H), were found in Figure
3e,f. GH4N,—(CH3OH);, (1) has a chain of methanol molecules,
which is terminated byzx hydrogen bonding to the ortho

also be seen both at 355 and 532 nm laser. The intensities ofitrogen, as seen in the FiguresHGN,—(CH3OH);, (11) has two

(CH3OH)H™T are higher than those ofs84N,—(CH;OH)H,

analogous hydrogen bonds to that igHZN,—CH3OH cluster.

which may be the reason that the saturation atmosphere ofThe two methanol molecules are located symmetrically on both

pyrimidine (GH4Ny) is smaller than that of methanol (GH
OH). Thus, the concentration of GBH is higher than that of
C4H4N2 in the beam. In Figure 2, the intensity of the protonated
cluster ions GH4N,—(CH3OH),H* decrease with increasing
and there are no obvious “magic” numbers to be found.

B. Equilibrium Structures of Neutral and lonic C 4H4N,—
(CH30H),, Clusters. Figure 3 depicts the calculated equilibrium
structures and parameters of both neutral and iontd,8,—
(CH3OH), clusters at the B3LYP/6-31G** level.

As can be seen from Figure 3a, the neutraHN,—CHs-
OH cluster forms a bent hydrogen bonding structureiN—

sides of the pyrimidine ring, and the two methyl groups of
methanol molecules are at the same side of pyrimidine plane.
From the energies given in Table 1, it can be known that
C4H4N2—(CH30H);, (1) has lower energy than & 4N,—(CHs-
OH), (II). Thus, it can be deduced that the stable configuration
of C4H4N2—(CH30H), should be structure |I.

The most stable ionic structure ofl@4N,—(CH3zOH), was
shown in Figure 3g. The ionic structure is largely different from
the two neutral structures. The hydrogen bondsHN--O and
O—H-+-O are nearly linear. The most important geometrical
change upon ionization corresponds to the &hydrogen bond

0, and the distance between N and O is 2.867 A. Both the length, which decreases 0.279 A (0.4 A) relative to the neutral

distance and the shape of-NH—O are similar to those of
N---H—O in pyrimidine-water cluster (GHsN>—H>0).1° Due
to the formation of hydrogen bond-NH—O, the G-H bond
is a little longer than that in C#H molecule R(O—H) of CHsz-
OH calculated at the B3LYP/6-31G** level is 0.965 A].

For the ionic GH4N>—CH3OH cluster, geometry optimization
gives two equilibrium structures: | and Il, which are shown in
panels b and c of Figure 3, respectively. The bridging H atom
of structure | corresponds to H of the hydroxyl group. Structure
Il is the result of an intracluster reaction in which H in the
methyl group of CHOH rearranges onto the O atom. From the

structure e (f), mainly due to a stronger electrostatic interaction
in the ion. In the N-H---O bond, the bridging H atom
corresponds to the H atom of hydroxyl group of another
methanol molecule and is closer to the N atom; namely, it is of
a “proton transfer” structure.

The structure of protonated ion4@;N,—(CH;OH)H™ is
shown in Figure 3h. The pyrimidine and methanol molecules
are connected by a bridging atom. Thus, a nearly linear hydrogen
bond formed.

C. Dissociation and Proton Transfer Reactions within
C4H4N,—(CH30H),* Clusters. The calculated energy diagram

energies listed in Table 1, it can be seen that structure Il is for the GH4sN,—CH3OH binary cluster and the energy changes
more stable than structure I, which is analogous to the result of reactions for GHsN,—(CH3OH), (n = 1, 2) cluster systems

reported in ref 14.

are summarized in Figure 4 and Table 2, respectively. Table 2



10802 J. Phys. Chem. A, Vol. 105, No. 48, 2001

Zhang et al.

40 —
30
. n=
2
7 2 3 4 5 6 7
E | MH
c
S
o 20 4
2
8
c |
10 4 PH
O T ' L] I L I L I T [ L4 ' L] I L T T [ 1
60 80 100 120 140 160 180 200 220 240
Mass Number
(@
50 —
n_
404 12 3 4 5 6 7 X
I ] M H
2
B
G 30 — N
€ PH
c
S
o
2
k]
© 20
10 -
0 T ' L] —[ Ll I T I L] l T l T I T [ T l 1
60 80 100 120 140 160 180 200 220 240

Mass Number
(b)

Figure 2. TOF mass spectra of ;84N,—(CH;OH), (a) obtained at 355 and (b) 532 nm laser,HV, (CH;OH)H*; PMH*, CsHsN>—(CHs-

OH)H*.

also lists the results obtained by other techniques for comparison.dissociation to produce £,4N," + CH;OH. Thus, it can be
It can be seen that the calculation results obtained at presenexpected that for @44N,—CH3OH or larger clusters, the
level of theory are in agreement with other theoretical and measured ions after ionization should be a sequence of proto-

experimental result®:16:17 From the dissociation energy after
BSSE correction of the 4£1;,N,—CH3OH cluster given in Table

2, it can be known that the BSSE error is not significant in this
basis set.

In Figure 4, (GH4N>—CHzOH)* ¢ indicates vertically ionized
C4H4N>—CH3OH from the optimized ground state of neutral
C4H4N>—CH3OH cluster and is set to be zero. From Figure 4,
it can be known that (§HsN,—CH3zOH)™ e has a higher energy
than that necessary for the dissociation to produgé;S,H"

+ CH30 or GH4NHT + CH,OH but not enough for the

nated products, which agrees with the experimental results in
Figure 2 well. The channel corresponding to produged8l,H"

+ CH,OH seems to need less energy, but the dissociation
process should follow an intracluster rearrangement reaction
[C4H4N2_CH30H+ (|) - C4H4N2_CH3OH7L (“)] Namely, H

in the methyl group moves onto the O atom. At B3LYP/6-
31G** level, the calculated configuration of the transition state
(TS) (confirmed by frequency and IRC calculations) is shown
in Figure 3d. As shown in Figure 4, an energy barrier~@&?2

kcal mol~! makes the process less favored than that producing
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(a) C,H,N,-CH,OH (by C,H,N,-CH,OH" (1)
ZNI1C2N3=126.8; ZC2N3H4=144.5; ZH405C6=107.7; ZNIC2N3=123.0; ZC2N3H4=121.1; ZN3H405=160.1;
ZOSHAN3C2=-171.8; ZC605HAN3=103.0; ZLN3H405=148.4. ZH405C6=133.6; LO5H4AN3C2=-179.9; ZC60O5H4N3=-178.7.
;
1352 4 1.675 g 1390
O 5068
1.051
. (d) TS (Ie11)
(¢) C,H,N,-CH.OH" (Il)

ZNIC2N3=123.0; ZC2N3H4=119.5; ZN3H405=176.1; ZCIN3H4=121.3; #N3H405=158.0; L HA05C6=133.7,
ZH405C7=120.6; ZH605CT=110.1; ZOSHAN3C2=-144.5; ZOSHAN3C2=179.8; ZC605HAN3=148.3; ZH7O5HAN3=-133.8.

ZC705H4N3=79.7; ZH60O5H4N3=-133.9.

6
9¢ 6
C,H,N,-(CH,OH),

(e) C,H,N,-(CH,OH), () (0 CHNACHOH),
ZNI1C2N3=125.9; ZC2N3H4=113.4; ZN3H405=166.7; ZC2IN3H4=£C2N1H7=144.9; ZN3H405=sN1H708=147.0;
ZH405C6=108.0; £O5H708=163.9; ZO8H10C2=152.9; ZO5HAN3C2=208H7N1C2=-173.1; ZC605HAN3=CIO8HTN1=-105.0.
ZO5HAN3C2=-19.8; ZO8H7O5H4=-20.4.

1 7

1 9 0.986(R,, ) 1.064 1.591

5 546

41490 647 8 f
0.966
d 1.757
() C,H,N-(CH,OH),” (h) C,H,N,-CH,OH-H’'
ZC2N3H4=120.3; ZN3H405=174.1; ZO5H607=171.4; ZO5HAN3=171.7; ZO5HAN3C2=-178.1; ZC705SH4N3=-178.1.

ZO5H4N3C2=174.3; ZOTH605H4=-29.2; ZC80705C9=-68.5.
Figure 3. Geometries of pyrimidinemethanol clusters (E14N.—CHz;OH),) calculated with the B3LYP/6-31G** method.

C4H4NoH™ + CH30. This conclusion is consistent with experi- the atomic charge of O increases frend.6 to—0.3, whereas

mental results that show that both"@H;OH), and H"(CDs- the other atoms change little. Though the methanol has a higher

OH), are formed in the ionization of G{OH cluster; however, ionization potential (IP) than pyrimidin&;1-20the IP values

D (CD3OH), has less abundance tharf (@D;OH),.18

do not offer conclusive indications of the site at which initial

The analysis of the molecular orbits shows that the highest excitation or ionization will occur. For example, in the studies
occupied molecular orbit (HOMO) of the neural cluster is 0of Ar,(CH;OH)m, though the IP value of Ar is higher than that
located primarily on the 2p and 3p orbits of O atom, which of CH;OH, Garvey et ab! conclude that the ionization of the
means the removal of an electron occurs mainly from the O methanol molecule is first being mediated by the Ar 4s excited
atom. This also can be verified by the Mulliken population of state; namely, intracluster penning ionization occurred. Ad-
atomic charges of the neutral and vertically ionized clusters. ditionally, the IP value of gHsN>,—CH3OH calculated in this

On vertical ionization associated withy€yN,—CHzOH™ (1),

work of ~183.8 kcal moit is obviously smaller than the IP of
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Figure 4. Schematic energy diagram for the intracluster dissociation and proton transfer reactions of ionic pyrimiefinenol clusters. The
energies of all species were obtained at the B3LYP/6-31G**//B3LYP/6-31G** level with zero-point vibrational energy corrections. The relative
energies in parentheses are relative to the energy #f,0G—CH;OH)* ( I ), which is set to be zero.

TABLE 2: Summary of the Reaction Energies for Pyrimidine—Methanol Cluster Systems (kcal mof1)2

reaction energy other results
1 C4HN, — C4H4NZ" IP=206.07 209.85
2 CsHaN, + HF — C4HNHT PA=215.80 21174
3 C4HiN2—CH;0H — C4HsN, + CHsOH De=19.0 (7.8%ssp 6.70¢5.88
Do =7.03 (6.5335)9
4 — C4HN,—CHZOH™ (1) IP =183.80
5 — C4H4N2—CH3z0OH e IPyer = 209.34
6 — C4H4N2—CHzOH™ (11) IP =181.10
7 C4H4N,—CH3;OH + H* — C4HsN,—CHzOH—H* PA=231.05
8 C4H4N,—CH;OH™ (1) — C4HsN;™ + CHZOH Do =29.30
9 — C4HsNHT + CH;0 Do=17.51
10 C:1H4N2_CH3OH+ (”) - C4H4N2HJr + CHon Do =16.75
11 CyH4N,—CHZOH™ (1) — TS (I<1l) AE=32.25
12 CGHsN,—CHZOHT (Il — TS (I<l) AE =34.95
13 CH4No—(CH3OH), (1) — C4HsN; + 2CH;OH Do=17.44
14 CH4aN2—(CH3OH), (1) — C4HsN; + 2CH;OH Do=13.81
15 CH4No—(CH3OH), (1) — C4HsN,—(CHzOH)+ IP=176.77
16 CHaN,—(CH3OH)+ — C4HsN,™ + 2CH;OH Do =46.75
17 — C4HsN;—CHzOH—H™ + CH;0 Do=12.68
18 — C4HsNHT + CH;OH—OCH; Do =29.18

aB3LYP/6-31G**//B3LYP/6-31G**+ ZPE values® The subscript ver indicates vertical ionizatiéiRef 16.9 Ref 17.¢ DMA (distributed multipole
analysis)+ 6-exp value (ref 12)! IMPT (intermolecular perturbation theory) value (ref 12BSSE indicates BSSE error corrected.

pyrimidine, and the IP value (176.77 kcal m#l of C4HsN>—
(CH30H), is even smaller than that o,84N,. Analogous result
that the formation of a cluster may cause the IP value of a be suggested to be produced by the following ionization-
monomer to be red-shifted was also repofedhus it is
possible that the methanol in thes#GN,—CH3OH can be
ionized or excited first. The Mulliken population of the total
atomic charge of CEOH in C4H4N,—CH3OH, C4H4N,—CHs-
OH*yer, and GH4N,—CH3OH™ (1) is —0.03, 0.48, and 0.10,
respectively, which may mean that intracluster charge-transfer
process may take place after the vertical ionization.

From reactions in Table 2, it can be known that both the
C4HsN2—CH30HT™ (1) and GH4N>—(CH3OH),™* can dissociate
to produce protonated ions84N,H* through reactions 9 and
18, respectively; however, reaction 9 is energetically favored optimized structures of £14N,—CHzOH and GH4N,—CHs-
by 12.3 kcal mot?. Thus, it can be deduced thaftNH™ is
mainly the dissociation product of48,N,—CH3OH™ (I). As
shown in Table 2, it can also be known that the dissociation of is obviously bent. Analogous to the motfeP> for bent
C4H4N2—(CH30H),™ can produce unprotonated and protonated hydrogen systems, during the calculations, the hydrogen bond
ions. But the channel corresponding to produgkl Bl,—(CHz-

OH)H* + CH30 is the best energy favored. According to above
discussion, the protonated clustergHgN,—(CH3zOH)H™ can

intracluster proton transfer-dissociation reactions:
C,H,N,—(CH;OH),,, + khw —
CH,N,—(CH;0H), "+ e —
C,H,N,—(CH;OH) H* + (CH,OH),_,_, + CH,O+ &~

To elucidate the reaction mechanism of intracluster proton
transfer after cluster photoionization, an ab initio calculation
of simplified reaction path potential was performed on the
OH* (1) with B3LYP/6-31G** and B3LYP/6-313G(2df,2p)
methods. As shown in Figure 3a,, the hydrogen bordHN-O

length (the sum of the actual-\H distance and HO distance)
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Figure 5. Potential energy curves of ionic clusterstGN,---HOCH)+ (1) and neutral cluster £1,N,—CH;OH at different calculation levels.
Ru-+ is the distance between the N and O atom. (a) Potential energy curves m and n of the ionic cluster are calculated with the B3t®&P/6-311
(2df,2p) and B3LYP/6-31G** levels, respectively. (b) Potential energy curve n and vertical ionization potential curve m of the neutral cluster are

calculated with the B3LYP/6-31G** level.

is fixed at the optimized value. Additionally, the optimized
distance of N-O was also fixed to be the optimized value 2.765
A (ionic) and 2.866 A (neutral). Relative to that of the C, N, O
heavy atoms, the movement of the lighter bridging H atom
should be much faster. Thus, the heavy atoms could be
considered to be stationary. For the other H atoms in methyl
and GH4N,, their effects on the bridging hydrogen were
neglected. From the calculation configuration, it can be seen
that these atoms vary little. According to the above hypothesis,
the potential energy of ({EI4N.—CHzOH)" (1) cluster was
calculated with B3LYP/6-31G** and B3LYP/6-3#1G(2df,-

2p) levels, with the bridging hydrogen moving across toward
the oxygen in steps (step size is 0.05 A). The potential of neutral
C4HsN>—CH3OH and the vertical ionization potential were
calculated only by using of B3LYP/6-31G** level. The potential
energy curves of ionic and neutral clusters are shown in Figure
5. It shows that for the neutral cluster [as shown in Figure 5b
(curve n)], the bridging H atom tends to be closer to the O atom
than the N atom. After vertical ionization, the bridging H atom
prefers to move to N atom [as shown in Figure 5b (curve m)].
However, the ionic cluster (Figure 5a) is largely different, and
two potential wells exist at the-631** level, which correspond

to (C4H4N2+*HOCHz) ™ and (GH4N H™+-*OCHg) ™. The transfer

of the proton across to the nitrogen is favorecH30 kcal mol

~1, This transfer is blocked by a small barrier of onip kcal
mol~1. At the B3LYP/6-313-G(2df,2p) level, the minimum
associated with (@44N---HOCHs)* disappears. Thus, it is
expected that after the vertical ionization, the intracluster proton-
transfer process from (@4No--HOCH:)™ to (CsH4NoH:--
OCHg) ™ should occur quickly. From the energy diagram shown
in Figure 4, it can be known whery&84N,—CH3OH is vertically
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Figure 6. Potential energy curve of protonated ion {GNy::-

HOHCHs)* calculated with the SCF/6-31G**, MP2/6-31G**, and
B3LYP/6-31G** levels.Ry-n is the distance between the N and H
atoms.Ry_o is fixed at the optimized value: 2.648 A.

CH3OHT for C4H4sN,—(CH3OH)H™ were carried out with the
SCF/6-31G**, MP2/6-31G**, and B3LYP/6-31G** methods.
The obtained energy curve is shown in Figure 6. There exist
two potential wells at SCF/6-31G** level, which correspond
to (C4HiN; +--HOHCHs)™ and (GH4NzH---OHCH)*. At the
B3LYP/6-31G** and MP2/6-31G** levels, the well associated
with (C4H4No+-*HOHCH;z) ™ disappears completely. The stdély

of hydrogen bonds to nitrogen and oxygen atoms in aromatic
heterocyclic rings has shown that nitrogen is a significantly

ionized, the surplus energy is enough to make the ionic cluster better proton acceptor than oxygen.HBo et al?® also found a

dissociate into gH4N,H™ and CHO. Thus, the protonated
cluster ions should be the dominant product, which can be
verified by the experimental results in Figure 3.

D. Position of the Proton in GH4N,—(CH30OH)H ™ Clus-
ters. To determine if the proton in cluster;84,N,—(CH3OH)-
H* prefers to link with the N atom of 44N> or the O atom of
CH3OH, analogous potential energy calculations thigN,—

dramatically larger amount of hydrogen bonds to nitrogen
acceptors than to oxygen when the N or O atom is bonded to
at least one gghybridized atom. Additionally, the proton affinity
(PA) of C4H4N> is higher than that of CEDH’ [PA(C4H4N,)

= 211.7 kcal mol; PA(CH;OH) =165.2 kcal moi1]. Thus,

it is reasonable that the proton prefers to link with the N atom
of C4H4N2.
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V. Conclusion

The laser photoionization of the hydrogen-bonded cluster
C4H4N2—(CH30H), was studied with a time-of-flight mass
spectrometer at the wavelengths of 355 and 532 nm. The result
show that, at both wavelengths, a series QHN,—(CHs-
OH),H" were obtained. Ab initio calculations also show when
C4H4N>—CH3OH is vertically ionized, the dissociation channel
that produces gH;N,H™ + CH30 is the dominant channel
through a fast intracluster proton-transfer reaction. For another
channel corresponding to producgHzN,H* + CH,OH, which
follows an intracluster rearrangement reaction, a high energy
barrier makes it less favored. The dominant dissociation products
of C4H4N,—(CH3zOH),* should be protonated ions4N,—
(CH3OH)H*. In C4H4N,—(CH3OH)HT, the proton prefers to
link with the N atom of pyrimidine.
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