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Aromatic Carbonium Ions in Liquid Alkanes and Alcohols

From Laser Photoionization and Pulse Radiolysis*
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ABSTRACT

Aromatic carbonium ions are observed in photoionization and radiolysis of aromatic

compounds in hydrocarbons and alcohols. These aromatic carbonium ions result from the

protonation of aromatic molecules by the protonated species of hydrocarbons and alcohols which

are ubiquitous in the "high energy" chemistry processes. The condensed-phase optical absorption

spectra of aromatic radical cations and aromatic carbonium ions are essentially identical. The

assignment of the carbonium ion species is feasible by considering the lifetimes, kinetics,

scavenger and solvent effects on radical cation and carbonium ion lifetimes.
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Aromatic carbonium ions (AI-_) resulting from the protonation of aromatic molecules (AH)

have recently been observed in laser flash photolysis studies in 1,1,1,3,3,3-hexafluoro-2 propanol

(HFIP). 1 By using this solvent, several protonated aromatic cations were observed in our recent

laser flash photolysis experiments of several aromatic compounds, such as anthracene,

acenaphthene, naphthalene, pyrene and perylene. As an example, figure 1 shows the result of

anthracene in HFIP. A long-lived species with an absorption maximum around 715 nm is

observed. On the basis of the known properties of HFIP, 1 we can assign this long-lived species to

a carbonium ion of anthracene.

FIGURE 1 HERE

Figure 1. Transient absorption spectrum observed in 308 nm laser flash photolysis of 5 x l0 -4

M anthracene in HFIP. The insert shows the time profile at 715 nm at early time (< l_s, upper

trace) and at later time (1 - 400 p.s, lower trace) . The spectra and time profiles are similar in air,

argon or SF6 saturated solutions.

Moreover, we find that such aromatic carbonium ions are ubiquitous in laser photoionization

and in pulse radiolysis in hydrocarbons and alcohols. Surprisingly, no previous observations of

such substituted cyclohexadienyl cations have been reported in pulse radiolysis or in laser

photoionization. Such species were observed by NMR and optical spectroscopy in super acids

some years ago.2 Here we present examples of the observation of aromatic carbonium ions in

polar and nonpolar solvents and discuss the mechanism of their production.

In the radiation chemistry of alcohols, the accepted mechanism 3 of production of charge

pairs and the conversion of the initially produced solvent radical cation by proton transfer is given

by reactions (1) and (2).

ROH _ ROH +. + e" (1)
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ROH+ + ROH _ RO. + ROH"_ (2)

Reaction (2) is very rapid and usually occurs before the ROH + undergoes any other reactions.

We have recently suggested that ion-molecule reactions in hydrocarbon radiolysis are also

common: 4

RI-I _ RH +.+ e- (3)

+

RH +-+ RH --_R. + RH 2 (4)

While the existence of radicals, electrons and radical cations can be easily established by

time-domain optical spectroscopy, 5 conductivity 6 or magnetic resonance, 4a the proton adduct RI_

is not expected to possess a readily accessible signature.

In our recent study of the two-photon ionization photoionization of aromatic molecules (A/I)

in hydrocarbon (RH) and alcohol (ROH) solutions, we have suggested that a proton transfer

occurs, giving rise to _ or ROI-I_via ion-molecule reactions of the (presumably excited) radical

cation of the solute: 7

AH _ AH* _ AH +.*+e- (5)

AH %* + ROH _ A. + ROH'_ (6)

+ (7)AH+, + RH --_ A.+RH 2

AHt* _ AH +. (8)
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The presence of the carbonium ions _ or ROI-I_ in radiolysis or photoionization experiments

can be established by their reaction with the aromatic compounds (AH), which exhibit considerably

greater proton affinity than hydrocarbons or alcohols. 8

Thus, in laser flash photoionization and in radiolysis we should be able to observe reactions

(9) and (10).

ROH_ + AH--_ ROH + AH_ (9)

RH_ + AH--_ RH + AH_ (I0)

The formation rate of AI_ should depend on the AH concentration and also on the lifetime of

ROI-I_ or RI_. Also, in dilute solution, AI-I_ should appear on a longer time scale than the initial

excitation or ionization periods. Indeed, by laser flash photolysis and pulse radiolysis we observe

transient species with these kinetic characteristics in hydrocarbons and alcohols containing aromatic

molecules. The transient absorption spectra obtained in solution of anthracene in isopropanol and

in iso-octane are shown in figure 2 and figure 3 as examples.

FIGURE 2 HERE

Figure 2. Spectra and kinetics of formation of transient species in 2-propanol containing 5 x 10-4

M anthracene and saturated with SF6 produced by 308 nm laser flash photolysis and

pulse radiolysis. The data from pulse radiolysis were multiplied by 2.2 to match the

maximum value of photolysis data at 720 nm.The width of laser pulse is 20 ns and width

of electron pulse is 4 ns.
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FIGURE 3 HERE

Figure 3. Spectra and kinetics of formation of transient species in iso-octane containing anthracene

(radiolysis 2 x 10-4;photolysis 5 x 10-4 M) and saturated with SF6, produced by 308

nm laser flash photolysis and pulse radiolysis. In plotting the spectra, the data from

pulse radiolysis were multiplied by 4.3 to match the maximum value of photolysis data at

730 nm.

Consider the transient species at 30 - 40 ns in photolysis. From previous reports 9,1°, the

anthracene radical cation is produced by the biphotonic process through reactions (5 and 8). This

radical cation is also observed in HFIP (see 30 ns spectrum in figure 1) which implies a similar

biphotonic process in HFIP.

Second, consider the slow formation of a long-lived species in 2-propanol (photolysis and

radiolysis) and in iso-octane (radiolysis). It has an absorption maximum at 720 nm in 2 -propanol

and 730 nm in iso-octane. It is produced at a rate proportional to the concentration of anthracene.

Comparing the similarities with respect to absorption maxima and kinetic characteristics of this

species with the species we observed in HFIP, we assign it as anthracene carbonium ion AH2_+. The
+

bimolecular reaction rate constant of AH2 formation in reaction (9) is measured as 8 x 109 M-1s-1

by photolysis and 6 x 10 9 M-1 s-1 by radiolysis. More evidence comes from the acceleration of the

formation of this species by adding KOH or amines. This implies the scavenging of ROI-_ by OH-

or amines. The bimolecular reaction rate constant of k (ROH 2 + OH-) was measured as 4 x 109

M -1 s-1.In photoionization experiments the formation of long lived carbonium ions in hydro-

carbons is more difficult to see since the free ion yield of RI_ in hydrocarbons is considerably less

than free ion yield of ROI-_ in alcohols. However the slow formation of AH_ is clearly observ-

able in pulse radiolysis in iso-octane (insert in figure 3).

An unexpected situation exists with respect to the optical absorption spectra of the radical

cations (AH +.) and the carbonium ions (AH_). In most instances, our results indicate that the

spectra are essentially identical. Therefore, kinetic observations and arguments are critical in



5/1/91; 2:42 PM; Page 6

inferring which species is present at a given time in a particular solvent. The situation is most

clear-cut in the pulse radiolysis of dilute solutions of the aromatic molecules (AH) in alcohols,

where AH+- is not formed to a significant extent as a primary radiolytic prodt:ct, and its formation

from ROH +o is not possible because proton transfer from ROH +o to ROH, reaction (2), is

extremely fast. Consistent with our previous finding that alkane radical cations are short lived4,1I,

we conclude that a slow growth (inset Figure 3) observed in pulse radiolysis in hydrocarbons can

be assigned to the aromatic carbonium ion.

The observation of aromatic carbonium ions provides a critical conf'trrnation of the role of

ion-molecule reactions in photoionization and photolysis. These findings, while still preliminary,

may resolve many conflicting observations in radiolysis and in photoionize'ion. More work is

needed to quantitatitvely test the mechanism of formation and kinetic characteristics of these

apparently ubiquitous carbonium ions.
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5E-4 M Anthracene in HFIP. ( (CF3)2CHOH). 308 nm laser photolysis Figure 1
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