
1583 

deuterium.) The highest occupied molecular orbital in do
nors like Me2S is predominantly a nonbonding orbital on 
the heteroatom; however, this orbital has a contribution 
which is bonding in the /3 C-H stretching mode which is the 
most important in determining /3-deuterium secondary iso
tope effects. For example, measurements of the detailed 
spectra of dimethyl sulfide and (CD3)2S show the deuterat-
ed compound to have a higher ionization potential by about 
230 cal/mol.22 If this difference were fully realized at the 
transition state, the isotope effect on ET reaction of Me2S 
would be predicted to be 1.39 at 80°. Thus the ET reactions 
listed in Table II probably have early transition states.7 

We conclude that the dichotomy we have proposed is 
supported by isotope effect theory. Although more exam
ples need to be studied, it appears that an isotope effect test 
does divide these reactions into SN2 and ET types and that 
this test can be used to probe whether radicals produced in 
donor-acceptor reactions arise from an ET mechanism. 
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Surface Modified Mass Spectrometry 

Sir: 

The addition of a collision gas to the analyzer of a mass 
spectrometer causes ion-molecule reactions.1 These pro
cesses, which occur at relative kinetic energies in the kilo-
volt range, are a valuable source of data on thermochemis
try and ion structure and a useful adjunct to analytical 
mass spectrometry.2'3 

We now report that it is possible to substitute a surface 
for the collision gas and so to effect processes which are 
analogous to high energy ion-molecule reactions. Thus, a 
surface-induced reaction has been observed corresponding 
to the process of collision-induced dissociation (CID), in 
which the ion converts translational to internal energy in 
the ion-molecule reaction and subsequently fragments. For 
an ion AB+ and a surface S, this surface-induced dissocia
tion (SID) is given as 

AB+ + S - * AB** 
AB** —>- A* + B 
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(a) 

CH- CH,* + H-

t* V 
82.0 800 78.0 76.0 82 0 80.0 78.0 76,0 ° / o H V 

(d) 

V \J 
^ 

32C 80.0 78.0 82.0 80.0 78.0 76.C °/o H V 

Figure 1. The reaction COj 2 + -» CO+" + O+ ' studied by kinetic energy 
analysis of the product CO+" (m/e 28). The peaks were plotted by 
scanning the ion accelerating voltage (HV), and the abscissa is given as 
a fraction of the accelerating voltage required to transmit nonreacting 
ions. Peaks a and b were recorded prior to instrument modification and 
peaks c and d in the presence of the surface. 

In addition, various charge transfer processes corresponding 
to those already known as high energy ion-molecule reac
tions have also been seen in the ion-surface experiments. 

To effect these ion-surface reactions, the ion beam in the 
RMH-2 mass spectrometer4 was shrouded by a 5 cm long 
stainless steel tube of rectangular cross section ( 9 X 3 mm) 
entered ~6 cm after the source slit. Experiments done be
fore and after installation of the shroud were compared in 
assessing the nature of the ion-surface reactions. 

Figure 1 provides an example of the efficient surface-in
duced reactions which have been encountered. The broad 
dished peak (a) is due to the unimolecular charge separa
tion reaction in which the CO+ ' product is analyzed: 

2 * CO,' CO*- +0*-

The effect of adding air as collision gas in the original in
strument configuration is to produce the center component 
seen in part b. It is believed5 that collision effects charge ex
change and that some of the C02+' ions formed retain suffi
cient internal energy to fragment spontaneously. When this 
experiment was repeated in the presence of the shroud, but 
in the absence of collision gas (pressure in analyzer 4 X 
1O-7 Torr), the peak shape seen in Figure Ic was recorded. 
Clearly the surface-induced process parallels the CID reac
tion. When collision gas (air) is now added so that both sur
face-induced and collision-induced processes occur (Figure 
Id) the center component, as expected, is further enhanced 
but is qualitatively of the same shape and width. 

As another example, consider the surface-induced disso
ciation of the methane molecular ion by the reaction 

The corresponding unimolecular process occurs with a 
small kinetic energy release as well as being unusually sen
sitive to collision-induced dissociation, the latter process 
giving a somewhat shifted and much broader peak.6 Before 
introduction of the shroud the relative heights of the two 
peaks were 4:1 at an indicated source pressure of 1.1 X 
1O-6 Torr and an analyzer pressure of 1.2 X 10~7 Torr. 
After the modification the situation was reversed with the 
broad peak now dominant even at analyzer pressures of less 
than 1O-7 Torr. Thus the SID reaction gives rise to a peak 
which is analogous to the CID peak. The SID peak intensity 
in this and other cases was comparable to that produced by 
introducing ~10 - 5 Torr of pressure into the entire first 
field-free region of the instrument. Evidence that an SID 
process is indeed being studied comes from the above pres
sure data and also from the fact that in analogous surface-
induced charge transfer reactions the kinetic energy loss 
was quite different to that observed in collision-induced 
processes. For example, the charge exchange of doubly 
charged argon ions (Ar2+ —• Ar+") has been studied both 
before7 and after the instrumental modification. Using 
argon as collision gas, two peaks are observed in the kinetic 
energy spectrum of the product Ar+' ions; one at 7.0 eV en
ergy loss, due to excitation of the argon target, and another 
one at 2.2 eV energy gain, which was shown to be due to in
teraction with background air. After the shroud had been 
introduced, a third peak was observed at exactly zero kinet
ic energy change. This peak was independent of the collision 
gas pressure in the analyzer, and, in fact, it was the only 
peak observed when this pressure was reduced to 1 X 1O-7 

Torr. The conclusion is that it clearly represents the charge 
exchange reaction occurring with the surface. 

For inelastic collisions of Ar+' on argon the kinetic ener
gy losses of the Ar+" products were measured as 13, 32, and 
48 eV. After introduction of the surface, a fourth intense 
peak appeared at 8.5 eV energy loss, which again persisted 
with no collision gas present, and thus must arise from the 
interaction with the surface. A similar observation was 
made in studying the charge inversion reaction8 Br+ —• 
Br-, a new pressure insensitive peak appearing at a smaller 
kinetic energy loss after the instrument modification. This 
reaction is particularly interesting since it involves transfer 
of two electrons from the surface. The kinetic energy lost by 
the ion contains a contribution due to the work function of 
the surface. 

The close similarities between SID and CID reactions are 
expected since the function of the collision partner is to 
allow the conversion of translational energy of the ion into 
internal energy. The nature of the collision gas has only 
minor effects on the process. Replacement of the gaseous 
target by a solid therefore had advantages in terms of ex
perimental convenience. The surface-induced dissociations 
(SID) studied here gave rise to peaks of intensity compara
ble to CID peaks and also showed the effects of kinetic en
ergy loss and kinetic energy release on the position and 
width of the peak, respectively. The slit dimensions of the 
instrument restrict ion-surface interactions to very small 
scattering angles9 (0.05° for specular scattering in the x-z 
plane which is believed to be the dominant process) so that 
the elastic energy loss is negligible (<1 eV). 

While charge stripping has previously been observed on 
slit surfaces,10 the reactions reported here are apparently 
novel. The grazing incidence arrangement of ion beam and 
surface is noteworthy. The interaction time of an 8 kV ion 
with a gas molecule is of the order of 10~14 sec (assuming a 
mass of 100 and an interaction range of 1O-7 cm) while the 
interaction time in these experiments is of the order of 4 X 
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sec.11 Hence, even very low probability long range Table I. Chiral Nematic Esters 10" 
events become much more likely, and good signal intensity 
is obtained. This work suggests the possibility that a surface 
might be substituted for a collision gas as a convenient, sim
ple and efficient method of exciting gaseous ions. 
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Novel Stable Chiral Nematic (Cholesteric) 
Liquid Crystals 

Sir: 

We wish to report the preparation of useful novel choles
teric liquid crystal materials possessing a combination of 
highly desirable properties: right-handed cholesteric type, 
very small optical pitch, and high chemical stability. 

Liquid crystals with cholesteric properties have tradition
ally and most generally been based on the cholesteryl moi
ety. ''2 In general, other optically active or chiral molecules 
with potential liquid crystal properties may also have a cho
lesteric mesophase. This type of cholesteric liquid crystal 
has also been called a chiral nematic liquid crystal.3 

Examples of chiral nematic liquid crystals have been 
based on optically active 4-(2-methylalkoxy)biphenyl deriv
atives4,5 and Schiff bases incorporating the optically active 
2-methylbutyl group6 - 1 0 or 1-deuteriobutoxy group." 
These materials have large optical-pitch characteristics 
and/or are relatively unstable with respect to hydrolytic 
stability; in fact, the only materials known with small opti
cal-pitch values are the hydrolytically unstable optically ac
tive 4'-alkoxybenzal-4-(2-methylbutyl)anilines (optical-
pitch values ~0.35 /urn), which have the optically active 2-
methylbutyl group bonded directly to an aromatic ring 
without the intermediacy of an oxygen atom or other func
tionality.3 

Our interest in and work with relatively stable ester-type 
liquid crystals,12"14 led us to the investigation of optically 
active esters. We developed a synthesis for optically active 
4-(2-methylbutyl)benzoyl chloride, which is obtained from 
the corresponding (+)-2-methylbutylbenzene3 by means of 

Compound 
no. 

1 
2 
3 
4 
5 
6 
7 
8 

CH; 

I 
C,H-,CHCH,^ 

R 

C3H7 
C 8 H . 7 
OCH3 

OC6H13 

OC9H19 

OC12H25 

O=COC4I-
CN 

(o> 

I0 

0 

-™-®>-
Mp, 0C 

0 
- 2 
46 

20(13)" 
27(26)« 

31 
23 

37(0)f l 

- R 

Optical 
pitch, Mm 

0.24 
0.28 
0.24 
0.29 
0.27 
0.33 
0.25 
0.21 

CH1CHCH 

Range, °C 

CH: 

CH..CHC.H-. 

Optical 
pitch, Mm 

9 
10 
11 

H 
Cl 
CH3 

H 
Cl 
H 

I23Ch132 

98̂ > 103^h1 n 

71^93 

0.15 
0.18 
0.17 

CH 

C.H-.CHCH 

Compound 
no. Range, 0C 

Optical 
pitch, Mm 

12 
13 
14 
15 
16 
17 

C3H7 

C4H9 

C5H11 
C5H11 

C6H13 

C8H17 

H 
H 
H 
Cl 
H 
H 

Cl 
Cl 
Cl 
H 
Cl 
Cl 

3£h92 
4oCn86 

47Ch9s 

68Ch102 

3 6 ^ h 8 0 

3eCha3 

0.32 
0.32 
0.32 
0.37 
0.32 
0.34 

a Monotropic 

a direct reaction with oxalyl chloride and aluminum chlo
ride or via conversion of the alkylbenzene to the acetophe-
none, which is oxidized with hypochlorite to give the free 
acid. Simple phenyl benzoates as well as symmetrical and 
unsymmetrical phenylene diesters are prepared in the usual 
way13,14 from reactions with phenols, hydroquinones, or 4'-
substituted phenyl 4-hydroxybenzoates. We chose the opti
cally active alkyl (rather than alkoxy) group because previ
ous work3 implied but did not show that this end group in 
general should favor chiral nematics with small optical-
pitch values. 

Typical examples of three types of chiral nematic esters 
are shown in Table I. The simple esters often exhibit a 
monotropic mesophase (4, 5, 8) and the phenylene diesters 
9-17 are enantiotropic, wherein the phenylene diesters 12-
17 with unsymmetrical ester linkages have the lower and 
broader ranges. As expected, the simple-ester alkyl deriva
tives 1 and 2 are lower melting than the alkoxy derivatives 
3-6. The simple-ester cyano derivative 8 is monotropic, but 
compatible with other mesomorphic esters as a mixture 
component of high positive dielectric anisotropy. Chiral 
nematic phenylene diesters with unsymmetrical ester link
ages have broad cholesteric ranges extending from just 
above room temperature. As with the nematic esters of this 
type12-14 the position of the lateral chlorine atom has a pro
nounced effect upon the lower end of the mesomorphic 
range (compare 14 with 15). These diesters are obviously 
well-suited for components in broad range mixtures. 

Measurements of the "handedness" of these new choles
teric materials indicate that they possess right-handed cho-
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