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Microcanonical variational transition state theory was employed to determine the entropy of acti&tion,

for the dissociation of a series of acetonitril@lcohol proton-bound pairs over an internal energy range
corresponding to metastable ion decomposition observations on a magnetic sector mass spectrometer. It was
found thatAS’ decreases with increasing size of the alcohol chain in the complex. These values ranged from
64 to 75 J K mol* for (CH;CN)(CH;OH)H*, 34—43 J KX mol~? for (CH3CN)(CH;CH,OH)H*, 6 J K™t

mol~* for (CHsCN)(CH,CH,CH,OH)H", and 11-13 J KX mol~* for (CHsCN)((CHs).CHOH)H". The entropy

of activation was compared to the thermodynamfor the overall reaction, and larger relative changes are
observed betweenS' values than foAS.

1. Introduction tandem mass spectrometry to extract thermochemical informa-
- : tion such as proton affinities. The original implementation of
Transition state theory (TST) can be used to determine the,[he Kinetic method assumed that that values for the two

tightness or looseness of the transition state molecular config-Com eting channels were the same and thus their difference
uration as compared to that of the reactants and hence the petng

entropy of activationAS". From the thermodynamic version %ﬁ@?\?ﬂ :exonrelgsigﬁcv(\)/;dsacr;g(reivgﬁh these assumptions, the
of transition state theory, the Arrhenius pre-exponential factor g exp :

A can be written in terms oAS, K, PA(B,) — PA(B,)
Inl—=|=————"— (2)
KeT , (asim e Rer
A= Te“e( ) (1) o
where PA(B) and PA(B) are the proton affinities of Band

] ] ] B,, respectivelyR is the gas constant, aridy is the effective
wherekg is Boltzmann's constan, is temperature is Planck’s - temperature. To examine systems in which entropy effects did
constant,n is the molecularity of the reactiom(= 2 for a not cancel out, modifications were made to the original
bimolecular process)R is the gas constant, andlS’ is the method 12 so thatA(AS) could be obtained from experiments
entropy of activation. When it comes to a bond scission reaction performed at different center-of-mass collision energies. Infor-
in a gas-phase ionAS' can be measured directly from the mation about the individual dissociation chana values
temperature dependence of the dissociation. However, due tocannot be obtained with either the original or extended methods.
the large binding energies typical of gas-phase ions and the lowc ks and co-workers introduced an entropy-corrected version

pressures in mass spectrometers, it is difficult to sufficiently of the kinetic methot® in which the entropy term is explicitly
heat an ion to its dissociation threshold for kinetics measure- rewyritten asA(ASH)/R = ASHR — AS*/R, giving

ments. Blackbody infrared dissociation (BIRD) is the only
practical method for directly measuring the temperature depen- k\\ AS PA(B) —PAB, AS,

dence of ion decompositior® The entropy of activation for a "R RT.. + R 3)
bond cleavage reaction can also be obtained by fitting experi- eff
mental dissociation versus internal energy data. Threshold
photoelectron photoion coincidence (TPEPIG(H) versuskE

data can be modeled directly with RRKM theory to extract
AS 34 Threshold collision-induced dissociation (CID) or surface-
induced dissociation (SID) experiments can also inclidgé

in the modeling of ion dissociation curve8 PEPICO studies,
however, cannot be applied to even electron ions such as proton
bound pairs.

A third method, the so-called kinetic method, can be used
for estimatingAS' in the dissociation of electrostatically bound
complexed. This method is based on the rates of two competi-
tive dissociation channels of mass-selected cluster ions and use

Ky

assuming thatA(AS), the relative reaction entropies, and
A(AS) are very similar. The ki/ky) ratio for each pair of
compounds is corrected by the entropy term of the reference
base. This approach can be used to obtefis* provided the
entropy effect for the competing reaction%*) is known.

A fourth approach used in the determinationAX{AS’) for
proton-bound pairs is the method of kinetic energy release
distributions (KERDs}# This method, used in conjunction with
finite heat bath theory analysis, allows relative proton affinities
of monomeric species to be determined. To obtA{AS),
experimental KERDs are first fit to yield transition state
?emperatures according to the equatpge) = €' exp(—e/ksT)

T Part of the special issue “Tomas Baer Festschrift”. Where. € is the. kinetic energy release, is. a paramefer
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the average kinetic energy passing through the transition'State. constantE is the 0 K activation energy(E) is the reactant

The following equation is then used to determin@\S") from ion density of states, anb¥(E,Eo,R*) is the sum-of-states for
the experimental branching ratio and the two transition state the fragmentation bottleneck located at an intracluster separation
temperatures: R*. The density and sum-of-states were calculated by the direct
count method of Beyer and Swinehatt.
Kk, A(ASt) Tl* The energy of each proton-bound pair ABMas calculated
In Kl = ke +Cin g (4) for several intracluster separatiori®,(without optimization),
g 2 ranging from the equilibrium value to 12 A. An example is

shown in Figure 1 for (CBCN)(CH;OH)H" in which the OH
bond length refers to the GBNH*---O(H)CH; distance. The
reaction path of a dissociation process does not have a reaction
barrier, and so a unigque transition state cannot be obtained with
A central question arises when discussihgf for a bond ab initio MO calculations. The transition state responsible for

cleavage reaction that has no reverse energy barrier and that i%gceastggpl)e bf?:éji:le?ﬁ’:?ﬁtgéngfer??;'g?;[?(g"pi:;\c’iﬁs tmaerefore
the location of the effective transition state. Since there is no y 9 p ’ 9

saddle point, the rate constant will depend on the molecular lrzvgg?én&fjl&oﬁ'it:tﬁzrr%g? r;héj;e;es;) OAE'_R:I;LO;;Z? nn;':'tmoum
configuration corresponding to the minimum sum-of-states along ) 9

the reaction coordinate. It has been assumed that this variationa re(ggﬁqnnff;rggggg)egﬁgir?; g:‘?hgsssifﬁlq?)t:j%g ?f:gf;gicﬁ?/erte d
transition state lies at large internuclear separations and thust

AAS) is similar to A(AS) 81316 where AS is the thermody- o translational and rotational degrees of freedom of the products

nami reactonenfoy change o each of e wo competng (15,1205 eces) by corparng ey caculen o
bond scission reactions. Er¢fnpresented a rigorous analysis P : P 9

of the kinetic method using RRKM theory and placed the vanishing modes are the only ones in which all of the atoms in
+ H .-y
effective transition state at the centrifugal barrier to the ABH ™ are displaced. For the common modes, the transition state

dissoiaton and UA(AS) was aays grester ha(nS | (IUSTCIES Were chosenfobe e auerage of e vales n
by a relatively small amounty6 J K- mol~1. But again, only P P

A(AS) was investigated, not th&SF for a single dissociation for every configuration along the curve in Figure 1. Of the six
channel. Drahos and VekEyalso assumed very late transition vanishing modes, the lowest frequency mode was a torsion mode

states in their modeling of the kinetic method (and thgAS’) and was treated as a free rotorin the RRK.M calculaffomtile .
= A(A9). the highest frequency mode was the intracluster stretching

frequency representing the reaction coordinate for the cleavage
of the complex. The four remaining frequencies were then scaled
according to the following equatictt:26.27

wherek; andk; are the branching ratio for the two monomers,
C is the heat capacity of the energized itp,is Boltzmann’s
constant, and’;¥ and T,* are the transition state temperatures
for the two reactions.

In this work, we wished to determinAS for a single
dissociation channel explicitly and examine how it changes with
molecular functionality and how it relates A& for the reaction.
Microcanonical variational transition state theom\(TST) is p— —a(R—Req)
used to model the unimolecular dissociation of a series of V(R = V(Rﬁ‘o)e ©)

- I I i +
proton-bound acetonitritealcohol pairs (CHCN)(XOH)H wherev'(R) is the value of the frequency at an intracluster

(where X= CHs, CHyCHp, CHCH,CH,, and (CH).CH) to separationR, Req is the equilibrium hydrogen bond distance,
extract the entropy of activation for the bond scission reactions. anda is an adjustable parameter. This equation is based on the

These proton-bounq pairs have been shown to either OIiSSOCi"3."[9<’slssumption that the four modes will vanish exponentially to
by cleavage of the intracluster hydrogen bond or rearrange via oo along the reaction coordin&f&?’ The parameten. is

an Lnternf?l _s{_z reg(;flon ]tcothlosel wz;télﬁl_:)ue o thfe mcreatsr:ng | adjustable and was determined by comparing the four vanishing
proton affinities (PAs) of the alcohols in going from methano frequencies of each molecular system with those calculated for

]EO 2-pé0pér’l\lolli +thfrg|i_|s g:har:jgt(a:inéRonrdcﬂeg\;'a%ertroductsthe optimized AH—B structures having intracluster separations
(;(I)—|mCN|-H|3+ + CHCH CSZH O?-?* '"fj CHCN + éH 20H 0 of 5.0 and 8.0 A. The value ok used to calculate the new
s sCHCHOH,™ and Chy (CHz)20H; frequencies at eacR value was an average of the values

since the PA of CHCN lies between that of ethanol and the obtained at intracluster separations of 5.0 and 8.0 A. The four

propanols. o values derived for each of the four complexes as well as all
vibrational frequencies used in the RRKM treatment are listed
in Table 1. The logarithm of the sum-of-states, NY( was
Ab initio molecular orbital calculations were carried out using then calculated as a function Bf
the Gaussian 98 suite of prograffisseometries were optimized This approach to locating the minimum I is, of course,
and harmonic vibrational frequencies were calculated, at the only approximate. It is impossible to determine how approximate
MP2/6-3H-G(d) level of theory. All vibrational frequencies unless a fully optimized dissociation reaction coordinate is
were scaled by the factor of 0.9434 recommended by Scott andobtained (avoiding the use of eq 6). Even then, however, it is
Radoni® prior to use. uncertain how accurately most modest computational levels of
Variational transition state theory was used to model the theory can model a dissociation reaction coordinate. In light of
unimolecular dissociation of the proton-bound complex accord- this fact, all computational approaches to this problem will yield

2. Computational Procedures

ing to the following expressiof: 24 only estimates of the true entropy of activation. By treating all
N of the systems in the same manner, it is hoped that at least the
o N'(E,E,,R¥) relative AS* values will be reliable. We estimated the uncertainty
k(E) = h W ®) in the ASF values, using the spread in thevalues obtained for

the 5.0 and 8.0 A geometries, to B8 J K- mol~L.
wherek(E) is the unimolecular rate constant at an ion internal ~ According to statistical thermodynamics, the translational
energy,E, o is the reaction symmetry numbdr,is Planck’s entropy Grang, rotational entropy%.t), and vibrational entropy
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Figure 1. Plot of the relative energy vs hydrogen bond distarR)eirf the (CHCN)(CHOH)H" complex at the MP2/6-3&G(d) level of theory.
R refers to the CHCNH*+--O(H)CH;s distance. Superimposed on the figure is the calculated sum-of-statels?)|aag a function oR at various

internal energies and the locatioi®, of the variational transition state.

(Sip) of a nonlinear molecule in a canonical ensemble can be 0.27 A1 for (CHsCN)(CH:CH,OH)H" and finally stabilizes

written as follows:

5
Sransz ELNkB + I-NkB In

27Mk, T\372
[Tt o
Lyh Po

1282k T\32
Sot = gLNkB + Lyks In(ﬂ?(h—I:B) (|A|B|c)l/2) 8)

3n—6 (hvj/kBT)e*hVi/kBT

—In(1 —e™™"N)[ (9)
1 — g MikeT

Sio = Lnks

=

where Ly, ks, and h are Avogadro’s number, Boltzmann’s
constant, and Planck’s constant, respectiv®lyis the molar
mass;Pp is 101 325 Pag is the symmetry numbefy, Ig, and
Ic are the three principal moments of inertigjs the vibration
frequency associated with thjgh normal mode. All entropy
values were calculated at 600 K.

3. Results and Discussion

The o values of the four disappearing modes were found
to be unique (Table 1). If we consider the first bending
mode, thea value is 0.46 A for (CH3CN)(CH;OH)H" and

to 0.13 A1 for (CHsCN)(CHCH,CH,OH)H* and (CHCN)-
((CH3),CHOH)H*. The foura values for (CHCN)(CH;OH)-

H* range from 0.46 and 0.44 A for the first and second modes
to 0.20 A1 for the third and fourth modes. For (GEIN)(CHs-
CH,OH)H*, the o values were more consistent, averaging
around 0.25 A%, Thea values for (CHCN)(CHsCH,CH,OH)-

H* and (CHCN)((CHs),CHOH)H" were comparable to each
other while being much smaller than the values obtained for
the other two pairs. Thex values obtained for the four
disappearing modes in (GAIN)(CH;CH,CH,OH)H" and (CH-
CN)((CHs),CHOH)H" are more similar to those found in ien
radical dissociation reactions ((GJANH2™ + *CHN(H)CHs,

a = 0.08 A"1)28 and ion-molecule reactions (I + H,0, a

= 0.1 A~1).29 This would suggest that the acetonitrHjeropanol
proton-bound pairs contain more ionic character, while the larger
o values observed with the methanol- and ethanol-containing
pairs suggest more covalent character within the complex. This
does not necessarily correlate with a stronger bond as the bond
dissociation energies (calculated at the MP2/6-G1d) level

of theory) are 129, 139, 132, and 127 kJ midior X = CHg,
CH3CH,, CH;CH,CH,, and (CH),CH), respectively. All values

of a for the four complexes are much less than thealues
found in bond scission reactions of neutral molecules
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TABLE 1: Calculated Vibrational Frequencies for Proton-Bound Acetonitrile —Alcohol Pairs, Transition States, and Their
Dissociation Products

harmonic frequencies (cri)?

(CHsCN)(CHsOH)H*

CH3;CNH"
CH3;OH
transition state (common)

transition state (vanishingy)

o values

rotational constant for rotor (GHz)
moment of inertia (10*" kg m™2)

(CHsCN)(CH;CH,OH)H*
CH;CNH*

CH;CH,OH

transition state (common)
transition state (vanishing)
o values

rotational constant for rotor (GHz)
moment of inertia (16*” kg m™2)

(CHsCN)(CHsCH,CH;OH)H*

CH;CH,CH,OH,"

CHsCN
transition state (common)

transition state (vanishing)

o values

rotational constant for rotor (GHz)
moment of inertia (104" kg m™2)

(CH3CN)((CHs).CHOH)H"

(CHs),CHOH,*

CH:CN
transition state (common)

transition state (vanishingy)

o values

rotational constant for rotor (GHz)
moment of inertia (10*” kg m2)

67, 80, 129, 147, 260, 329, 331, 517, 882, 908, 964, 1013, 1015, 1098, 1160, 1290, 1374, 1417,
1417, 1419, 1451, 1454, 1665, 1943, 2155, 2943, 2983, 3039, 3040, 3103, 3117, 3470

322,322, 541, 541, 866, 1008, 1008, 1362, 1394, 1394, 2183, 2927, 3029, 3029, 3486

313, 1004, 1028, 1129, 1306, 1437, 1464, 1473, 2908, 2977, 3045, 3562
325, 327, 415, 711, 725, 984, 1010, 1011, 1063, 1209, 1233, 1265, 1368, 1405, 1406, 1428, 1459,
1462, 2169, 2714, 2935, 2946, 3034, 3034, 3047, 3074, 3516

67, 80, 129, 147

0.46, 0.44, 0.20, 0.20
233

360, 643, 667 for (CKCN)(CH:OH)H*

5.39, 99.4, 99.4 for CECNH*

6.61, 34.3, 35.5 for CKDH

36, 51, 88, 125, 207, 251, 328, 329, 408, 512, 783, 790, 900, 950, 970, 1014, 1015, 1066, 1157,
1223, 1268, 1396, 1418, 1419, 1446, 1456, 1473, 1664, 2144, 2159, 2937, 2943, 2991, 3019,
3039, 3039, 3040, 3073, 3455

322,322, 541, 541, 866, 1008, 1008, 1362, 1394, 1394, 2183, 2927, 3029, 3029, 3486

225, 279, 401, 794, 871, 1009, 1058, 1140, 1214, 1248, 1362, 1404, 1445, 1461, 1490, 2896, 2930,
2939, 3014, 3026, 3546
265, 325, 326, 404, 527, 587, 792, 827, 989, 883, 1011, 1011, 1062, 1103, 1149, 1219, 1258, 1366,
1368, 1400, 1406, 1406, 1446, 1459, 1481, 2164, 2923, 2934, 2935, 2965, 2984, 3017, 3033,
3034, 3034, 3501

36, 51, 88, 125

0.27,0.31, 0.25, 0.25
19.7

42.6, 1030, 1050 for (CHCN)(CHCH,OH)H*

5.39, 99.4, 99.4 for CKCNH*

24.2,89.3, 103 for CKCH,OH

33, 40, 86, 111, 121, 186, 225, 286, 328, 329, 434, 511, 746, 825, 864, 893, 903, 969, 1013, 1015,
1017, 1087, 1158, 1204, 1247, 1279, 1310, 1374, 1375, 1395, 1419, 1419, 1456, 1461, 1466,
1472, 1663, 2146, 2193, 2926, 2936, 2943, 2979, 2989, 3019, 3032, 3040, 3040, 3063, 3452

123, 196, 230, 245, 399, 724, 734, 756, 866, 887, 955, 1009, 1131, 1171, 1235, 1289, 1302, 1366,
1401, 1466, 1467, 1475, 1482, 1614, 2940, 2950, 2995, 3006, 3038, 3049, 3084, 3374, 3470

311, 311, 886, 1020, 1020, 1379, 1437, 1437, 2091, 2942, 3032, 3032
122, 210, 265, 319, 320, 417, 561, 617, 740, 791, 865, 895, 928, 1017, 1018, 1048, 1145, 1188,
1241, 1284, 1306, 1371, 1377, 1398, 1428, 1428, 1461, 1464, 1470, 1477, 1638, 2118, 2567,
2938, 2943, 2966, 2993, 3013, 3034, 3036, 3036, 3058, 3218, 3461

33, 40, 86, 111

0.13, 0.09, 0.03, 0.08
10.6

78.8, 1460, 1510 for (CKCN)(CH:CH,CH,OH)H*

34.4, 235, 252 for CECH,CH,OH,*

5.29, 92.9, 92.9 for CKCN

6, 36, 47, 89, 116, 197, 219, 265, 329, 330, 352, 388, 449, 510, 706, 875, 898, 916, 920, 954, 1014,
1015, 1064, 1109, 1175, 1235, 1308, 1355, 1374, 1395, 1396, 1419, 1420, 1438, 1446, 1456,
1464, 1671, 2141, 2348, 2930, 2937, 2943, 2980, 3015, 3026, 3031, 3036, 3039, 3040, 3445

184, 232, 268, 346, 354, 426, 607, 742, 857, 894, 919, 926, 1082, 1157, 1196, 1313, 1351, 1393,
1402, 1443, 1454, 1465, 1471, 1614, 2937, 2941, 3019, 3024, 3029, 3039, 3050, 3370, 3469

311, 311, 886, 1020, 1020, 1379, 1437, 1437, 2091, 2942, 3032, 3032
225, 267, 320, 320, 347, 349, 371, 438, 657, 809, 887, 892, 907, 936, 995, 1017, 1018, 1095, 1166,
1215, 1311, 1353, 1377, 1394, 1399, 1428, 1428, 1440, 1450, 1461, 1468, 1642, 2116, 2859,
2934, 2940, 2943, 3000, 3020, 3027, 3035, 3035, 3036

36, 47, 89, 116

0.13,0.17, 0.05, 0.09
7.0

120, 1130, 1200 for (CCN)((CHs).CHOH)H*

1080, 1090, 1870 for (CH,CHOH,*

5.29, 92.9, 92.9 for CKCN

aVibrational frequencies calculated at the MP2/6+&(d) level of theory, scaled by 0.943%Frequencies which are varied according to eq 6.

(for CHz—CHs, a = 0.92A1)3% or in the dissociation of 1.47 eV for methanol and 1.521.70 eV for ethanol, due to the
bromobenzene ionsx(= 1 and 2 A1).24 smaller density of states in these latter two systems. Fog{CH
The bottleneck of the dissociation reaction was found to move CN)(CHsCH,CH,OH)H", R* remained constant at 8.5 A, while

to lower values oR as the internal energy of the ion increased for the other three systems, a small rangeRdfvalues was
as is expected from variational TST. The l&fE) versusE observed. For (CKCN)(CH;OH)H' and (CHCN)(CH;CH,-
curves (Figure 2) for the two propanol-containing complexes OH)H", R* occurred within the respective ranges of 685
show that the rate constants accessible on the metastable timand 6.6-7.0 A, while for (CHCN)((CHs),CHOH)H*, the R*
frame (18—10° s1) corresponding to the dissociation of value ranged from 7.0 to 7.5 A.

metastable ions in our VG ZAB mass spectrometer occur over These values dR* are consistent with the calculatedvalues.

an internal energy range of 2:2.6 eV. The internal energy  The largero. values for (CHCN)(CH;OH)H" and (CHCN)-
range for the methanol and ethanol systems is narrower;-1.40 (CH3;CH,OH)H"™ mean that the frequencies of the vanishing
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Figure 2. Calculated logk(E) vs E curves for the dissociation of the four proton-bound complexes.

vibrational modes decrease rapidly with increas®ygoulling
the variational transition state closer to the equilibrium config-
uration than in the case of (GBN)(CH;CH,CH,OH)H™ and
(CH3CN)((CHs),CHOH)H". Larger decreases in the vanishing

mildly to 1.459 and 1.173 A in the proton-bound complex. The
bonds have similar lengths in (GBIN)(CH;CH,OH)H" since
both complexes dissociate to form g@ENH' and their respec-
tive alcohol. The trend is reversed in the propanol-containing

mode frequencies for the smaller complexes at the transition complexes with the €C and C-N bonds elongating upon

state result in larger entropies of activation. The valuea $f
ranged from 64 to 75 J ® mol~! for (CH3CN)(CH;OH)HT,
34-43 J K1 mol? for (CH3CN)(CHsCH,OH)H', 6 J K1
mol~! for (CH3CN)(CHsCH,CH,OH)HT, and 1+13 J Kt
mol~1 for (CH3CN)((CHs),CHOH)H". The ranges i\Sf stem
from the ranges ifR* obtained over the internal energy window
of interest.

dissociation. In (CHCN)(CH;OH)H", the C-O bond length
goes from 1.487 A in the complex to 1.431 A in the free product
while a more significant change is observed in the@bond
length of (CHCN)(CHsCH,OH)H™. In this pair, the bond length
decreases from 1.508 A in the complex to 1.437 A in the free
moiety. Even with such large bond length changes, however,
the JHOC angle in methanol decreases by orfly(feom 112

The nonvanishing, or common, vibrational modes can also to 109 upon dissociation) and tHeOCC angle increases from
contribute to the entropy of activation, albeit on a smaller scale. 106’ to 112. Similarly in the ethanol complex, tHeHOC angle
When the geometric parameters (and related vibrational fre- decreases from 1110 109 while the JOCC angle increases
quencies) of the complexes are compared to those of the freefrom 106 to 107 upon dissociation. The reverse trend is
products (Figure 3), differences are observed between the twoobserved in the propanol pairs where the @ bond length

smaller complexes (CH¥N)(CH;OH)H" and (CHCN)(CHs-
CH,OH)H* and the two propanol-containing complexes. The
proton in (CHCN)(CH;OH)H' and in (CHCN)(CHsCH,OH)-

H* lies closer to the alcohol moiety with-&H and N—H bond
lengths of 1.075 and 1.474 A in (GBN)(CH;OH)H* and 1.060
and 1.519 A, respectively, in (GEN)(CHCH,OH)H" despite
acetonitrile having a significantly higher proton affinitxPA

= 24.9 kJ mof?) than methanol and a slightly higher proton
affinity than ethanol APA = 2.8 kJ mot?).3 It might have

increases upon dissociation (Figure 3), thélOC angles
increase upon dissociation (by and 2 for (CHzCN)(CHs-
CH,CH,OH)H" and (CHCN)((CHs),CHOH)H, respectively),
and theCJOCC angles decrease (byi2 each case). Such minor
geometry changes result in only small changes in the vibrational
frequency of each common mode during the dissociation.
Indeed, if the vibrational frequencies of the vanishing modes
are fixed at their respective values in the equilibrium complexes,
the calculatedAS values are very small in magnitude, with

been expected that the proton should lie closer to the speciessome values being tight.

with the higher proton affinity. Fridgen et &.attribute the
position of the proton in the two complexes to the-atipole

The values oAS* for the bond cleavage reactions are clearly
different from the values calculated fé&xS. Thermodynamic

interaction. The dipole moments of acetonitrile and methanol entropy changes of 92, 103, 91, and 1013 Kol were found
are 3.92 and 1.70 D, respectively, and the minimum energy for (CH;CN)(CHOH)H*, (CHsCN)(CHsCH,OH)H*, (CH:CN)-
structure of the complex has a calculated dipole moment of 1.60 (CH;CH,CH,OH)H*, and (CHCN)((CHs),CHOH)H*, respec-

D. They found that by stretching and freezing the 1@ bond

tively (Table 2). Positive entropy changes were observed in the

at 1.5 A the N-H bond shortens to 1.094 A, the energy of the translational and rotational entropy of each proton-bound system,
system increases by 22 kJ maland the value of the dipole  while a negative entropy change was found in the vibrational
moment increases to 3.41 D. They proposed that increasing theentropy due to the loss of six low vibrational frequency modes
magnitude of the iordipole interaction in the complex (by in the products. There is a definite trend in th& values, with
associating the proton with the lower dipole moment moiety) the values decreasing as the alcohol side chain lengthens, due
would contribute to lowering the energy of the complex since to the migration of the variational transition state farther away
this would lower its overall dipole moment. Consistent with from the reactant complex (see above). This trend is absent in
this explanation, the proton resides nearer the higher PA (andthe thermodynami@S There is a greater absolute change in
lower dipole moment) moiety in the two propanol-containing magnitude inASF in going from X= CHs to X = CHzCH,CH;
complexes. (~70 J KImol~?) than there is variation between the thermo-
In (CH3CN)(CH3;OH)H™, the C-C and C-N bonds of free dynamicAS (12 J K mol™) in addition to greater relative
acetonitrile are 1.451 and 1.159 A; these bond lengths increasechanges (a factor of11 for ASF and 1.1 forAS) (Table 2). In
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Figure 3. Selected optimized geometric parameters for the four proton-bound complexes obtained at the MR2@)-3dvel of theory. Values

corresponding to the free products are in parentheses.

TABLE 2: Thermodynamic and Activation Entropies for a
Series of Acetonitrile—Alcohol Proton-Bound Pairs?

proton-bound dimer AS®  AS ASwns ASot ASip

(CHsCN)(CHsOH)H* 64-75 92 159 65 —132
(CHsCN)(CHsCH;OH)H* 34-43 103 162 74 —133
(CHsCN)(CHCH,CH,OH)H* 6 91 163 77 —149

(CHCN)((CHs).CHOH)H*  11-13 101 163 78 —140
a|n J K-t mol~* at 600 K.P Estimated uncertainty:-3 J K- mol2.

light of these different trends, it may be wise to be careful in
assigning A(AS) = A(AS) in the competitive dissociation

4., Conclusions

The entropies of activation for the dissociation of a series of
acetonitrile-alcohol proton-bound pairs (GBN)(CHOH)H,
(CH3CN)(CHsCH,OH)H*, (CHsCN)(CHsCH,CH,OH)H™, and
(CH3CN)((CHs),CHOH)H" were determined with microca-
nonical variational transition state theory. The values were found
to correlate with the changes that occur in the geometries of
the complexes upon dissociation, greater changes yielding
greaterAS values. It was also found that the changes\i&f
in going from (CHCN)(CH;OH)H™ to (CHsCN)((CHs),CHOH)-

reactions of proton-bound pairs, even when the two componentsH* were not quantitatively mirrored in the thermodynamié

of the complex are structurally related.

values for the four dissociation reactions.
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