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in Table I. The new thermodynamic information provided by 
this work is the dT/dP values for the pretransition and subtran- 
sition (Table I). The three phase boundaries in the P, T diagram 
shown in Figure 3 have similar slopes. In the case of the GI - 
GI1 transition, the I-atm intercept is in full agreement with Tt 
observed by DSC.14 The GI1 - GI11 transition extrapolates to 
Tt = -12 OC at 1 atm, which is considerably higher than the value 
inferred from Raman scattering." 

The Clausius-Clapeyron equation dT/dP = T , A V / M  is used 
to calculate the volume changes AV accompanying first-order 
phase transitions from measured dT/dP, T,, and Mvalues.  Table 
I shows that both enthalpy and volume changes are much smaller 
between gel phases compared to the main LC - GI transition. 
Independent densitometry measurements yield AV values for the 
main and pretransition which agree well with the present work 
(Table I).lS 
Conclusion 

The fluorescence intensity ratio method has been used to study 
the thermotropic behavior of dilute DMPC dispersions. Intra- 
molecular excimer formation appears more sensitive than 
fluorescence depolarization to gel-gel phase transitions.''-l3 The 
observed high-pressure phase boundaries are in agreement, where 
comparison can be made at 30 "C, with the results from Raman 
~ca t te r ing .~ . '~  As in Raman,5*10J9 the ZM/ZE discontinuities show 

(16) Heremans, K. Rev. Phys. Chem. Jpn. 1980, 50, 259. 
(17) Wong, P. T. T.; Mantsch, H. H. Can. J .  Chem. 1982, 60, 2137. 
(18) Nagle, J. F.; Wilkinson, D. A. Biophys. J. 1978, 23, 159. 

that the GI1 - GI11 transition is more clearly defined than the 
GI - GI1 transition, consistent with the assignment of a major 
structural transition to the GI1 - GI11 subtransition and a minor 
step increase in trans conformers to the GI - GI1 pretransiti~n.'~ 
We conclude that the perturbation induced by the probe molecule 
is negligible with respect to the location of structural bilayer 
transformations. The structural identity of the different phases 
must come from other methods, but the determination of their 
boundaries and potentially, the transition kinetics, will be a 
convenient application of intramolecular excimer probes. 

The salient results is that dT/dP for gel transitions are similar 
in value to the main (LC - GI) transition in DMPC. Therefore, 
low enthalpy transitions are accompanied by low volume changes. 
This generalization should serve as a useful guide for the mapping 
of phospholipid phase diagrams, especially a t  low temperatures 
and high pressures. 

The molecular mechanism responsible for Z, and IE changes 
at gel-gel transitions is unknown. The fluidity perspective is not 
applicable for gel polymorphism, despite contrary 
It is equally evident that the dynamic behavior of intramolecular 
excimers contains additional information about conformational 
trapping and quenching. However, important clues about 
structural rearrangements cannot be obtained from the excited- 
state kinetics until tested in homogeneous fluid, liquid crystalline, 
and crystalline phases. 
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The Proton Affinity of CS 
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We have studied the reactivity of HCS' ions with several molecules at 300 K using a SIFT apparatus. The measured rate 
coefficients for the proton-transfer reactions of HCS' with C2H50H and CH,SH are appreciable fractions of their respective 
collisional rate coefficients and from this we deduce that the proton affinity of CS is 188.2 f 1 kcal mol-'. This value differs 
from the literature value by some 13 kcal mol-' but is in close agreement with a very recent theoretical value. 

Introduction 
The selected ion flow tube (SIFT) has become a most valuable 

experimental tool for the study of ion-neutral reactions under 
thermal conditions. Since its inception we, and others, have 
exploited it to determine the rate coefficients and product ion 
distributions for a large number of reactions,' including many 
considered to be important in the synthesis of interstellar mole- 

SIFT experiments are also being performed to provide 
thermochemical data relating to gas-phase. ions (see below). Much 
of the available data is being used in detailed ion-chemical schemes 
which can now correctly model the relative densities of many 
interstellar molecular  specie^.^^^ However, a long-standing 
problem has been the inability of the schemes to correctly model 
the observed HCS+/CS abundance ratio. In considering this 
problem (which we now believe to be resolved5), we carried out 
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TABLE I: Experimental Rate Coefficients, k ,  Measured at 300 K for 
the Proton-Transfer Reactions of HCS+ with a Series of Molecules, 
M, and Colisional Rate Coemcients, k,, Calculated for 300 K Using 
the A M )  Theorv' 

PA (Mhb k, kw 
M kcal mo1-I cm3 s-l cm3 s-l 

NH3 204.0 2.0 x 10-9 1.82 x 10-9 
CH3COCH3 196.7 2.4 x 10-9 2.40 x 10-9 

CH3SH 187.4 4.5 x 10-10 -1.6 x 10-9 
H C N  171.4 <1 X 2.62 x 10-9 

C2HSOH 188.3 8.2 X lo-'' 1.75 X 

H2S 170.2 <1 X 1.35 X 

'Reference 18. Also HCS+ does not react with H,CO, H 2 0 ,  CH,, 
CO,, CO, 02, N2, and H2. *Literature values.' 

a SIFT study of the reactions of HCS+ with several known in- 
terstellar molecules. This study showed that HCS+ is a relatively 
unreactive ion, a result which is consistent with its relatively large 
abundance in interstellar clouds. Moreover, the observation that 

(5) T. J. Millar, N. G. Adams, D. Smith, and D. C. Clary, Mon. Not. R .  
Astron. SOC., in press. 
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HCS+ does not undergo proton-transfer reactions with certain 
molecules indicates that the proton affinity (PA) of CS is sig- 
nificantly greater than the literature ~ a l u e . ~ , ~  

Experimental Section 

It is sufficient to say here that the HCS' ions were generated in 
an electron impact ion source (containing a mixture of CS, and 
H,) and then injected into a helium carrier gas which transports 
the ions along a flow tube toward a downstream mass spectrometer 
detection system. The ions rapidly translationally and rotationally 
thermalize in the helium. To check for any residual vibrational 
excitation in the HCS' ions, the CS2 and H2 source gas pressures 
were varied over as wide a range as possible and the reactivity 
of the ions was investigated with those species for which proton 
transfer is endothermic (see Table I). No variation in reactivity 
was observed for any CS2/H2 source pressure indicating that no 
significant vibrational excitation of the HCS' existed in those ions 
that reached the downstream reaction zone of the SIFT. This 
procedure has been used to detect residual vibration excitation 
in, for example, H3+ ionsI0 and N2+ ions." Reactant gases were 
added to the helium carrier gas/HCS+ swarm and rate coefficients 
determined and product ions identified in the usual w a ~ . ~ . ' ~  All 
the measurements were made at 300 K. 

Results and Discussion 

observed reaction process was proton transfer, e.g. 

The SIFT technique has been described in detail 

The results of this study are summarized in Table I. The only 

HCS' + M -+ MH' + C S  (1) 

Proton transfer can occur if the gas-phase basicity (GB) of the 
reactant molecule (M) exceeds that of CS, i.e., if, in reaction 1, 
GB(M) > GB(CS). If the entropy change in the reaction, AS,  
is zero, then the reaction can proceed if the proton affinity (PA) 
of the reactant molecule exceeds that of CS, Le., if PA(M) > 
PA(CS). AS can generally be estimated for proton-transfer 
reactions from a consideration of rotational symmetry numbers' 
and it is indeed often zero or quite small for such reactions. The 
reactions of HCS' with NH3 and CH3COCH3 were fast, Le., the 
measured rate coefficients, k ,  were essentially equal to the re- 
spective collisional rate coefficients, k,, as is usual for appreciably 
exothermic proton-transfer rea~t i0ns.I~ Conversely, no reaction 
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13, 695 (1984). 
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occurred between HCS' and H C N  (or H2S). This brackets 
PA(CS) between PA(CH3COCH3) and PA(HCN) which are 
given in the most recent data compilation7 as 196.7 and 171.4 kcal 
mol-' respectively, consistent with the literature value for PA(CS) 
of 175 kcal m01-l .~~~ However, HCS' reacts with both C2HsOH 
and CH3SH, the measured k being appreciable fractions of the 
respective k,. This indicates that PA(CS) is close to PA(C2H50H) 
and PA(CH3SH), being only slightly greater than the latter (since 
the aS of these reactions is close to zero). We can estimate the 
AHD for these reactions using the relationship k N k , /2 .  
exp(-AHD/RT), in which we assume that reaction would proceed 
at  half the collision rate if it were thermoneutral. Thus for the 
C2HsOH reaction, AHD - 0.04 kcal mol-', and for the CH3SH 
reaction, AZP N 0.35 kcal mol-'. Therefore PA(CS) is indicated 
to be within the range 188.4 to 188.0 kcal mol-', having a mean 
value of 188.2 kcal mol-' with a maximum estimated uncertainty 
of f l  kcal mol-'. We are gratified to find that a recent calculation 
indicates the absolute value of PA(CS) to be 189.5 kcal mol-' 
with a maximum uncertainty of f1.2 kcal which is clearly 
in excellent agreement with our derived value. This gives great 
credence to the calculated value of PA(CS), the value of PA- 
(C2H50H) previously established by experiment, and our current 
procedure. 

Measurements of both forward and reverse rate coefficients 
for nearly thermoneutral ion-neutral reactions are generally 
straightforward using a SIFT apparatus and especially valuable 
if the SIFT is temperature variable. Thus the technique is very 
useful for determining equilibrium constants for bimolecular re- 
actions. Its value therefore in ordering proton affinities and 
determining enthalpy and entropy changes in ion-neutral reactions 
is obvious. We have exploited our variable-temperature SIFT to 
great effect in this regard.' Quite recently, we have determined, 
using this approach, PA(H2) - PA(0,) to be 0.33 kcal 
and PA(C0) - PA(HC1) to be 2.7 kcal mol-'.I6 This latter value 
is much smaller than the literature difference of 7.1 kcal mol-'. 
Also, by studying the nearly thermoneutral reaction N+ + H2 - 
NH+ + H in our selected ion flow drift tube (SIFDT), we have 
determined the absolute PA of N atoms to be 8 1.4 kcal mol-'." 
This absolute PA(N) and the absolute PA(CS) provided by theory 
and supported by experiment are valuable reference points in the 
determination of an absolute proton affinity scale for atoms and 
molecules. 
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