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A procedure for determination of reactivity of primary, secondary, and tertiarid ®onds in molecules of

saturated hydrocarbons has been proposed. The procedure involves measurements of picosecond lifetimes of
xanthione in the Sstate {s;) from the fluorescence decay (by the TCSPC method) in selected hydrocarbons

as solvents. On the basis of the lifetimes measured, the rate constants of hydrogen abstkajtiare (
determined for hydrocarbons having only primary-l& bonds, primary and secondary-€ bonds, and

primary and tertiary €H bonds. The obtaine

d highly accurd4e values show significant differences and

areky = 1.4 x 109s%, 5 x 10°°st and 20x 10 s, for the primary, secondary, and tertiary bonds. The
values ofky determined by the procedure proposed can be used to assess the relative energlybafrds
and to infer about the presence of steric hindrance for the reactive tertidtylfonds. They can also be of

interest in the studies of primary photochemi

cal processes in hydrocarbon solvents and in the proper choice

of solvents for photophysical and photochemical studies.

I. Introduction

Saturated hydrocarbons are most often used as weakly

interacting and chemically inert solvents and in this role they
have been applied in the spectroscopic and photophysical studie
and in investigation of chemical reactions of molecules in the
ground staté:8 When studying reactive molecules in electronic
excited states (SS;, and in particular 1), hydrocarbons can
take part in their deactivation by reversible or irreversible
hydrogen atom abstraction from the—@& bonds?~1° This
happens in particular for molecules in theskate of relatively
high energy and long lifetime, for example in frequently studied
Ti-ketone~12 In highly chemically inert perfluorohydro-
carbons, theirrry is particularly long~10-2 s2° while in
hydrocarbons it is significantly shortened+d0 ¢ s, as a result

of a very efficient process of hydrogen abstraction from the
solvent?=1221 The rate constant of this proceds;) strongly

of measurement including a proper choice of a probe and the
solvent. The hitherto performed experiments, in which the
reaction mechanism was studied and the yield of product
formation determine@324or in which spectroscopic measure-
ents of quenching of emission from excited triplet states of
molecules dissolved in hydrocarbott$iave confirmed the fact
that the values ofEc_y decrease a&(CHs) > E(CHp) >
E(CH).25-31 Therefore, it can be expected that the rate constant
of hydrogen atom abstraction is the lowest for {3foups and
the highest for CH groups. Indeed, the relative values of the
rate constantku(l), kq(l11),2%25 and ky(11)2° increased with
increasing G-H bond order, but their ratios (i.&(111)/ ku(1))
were different in these two works even for the same hydro-
carbon. The aim of our study was to develop an effective method
for determination of reactivity of EH bonds saturated hydro-
carbons.

depends on reactivity of the hydrocarbon used as a solvent and  COTTeCt determination of the rate constais, of hydrogen

also on the energy and electronic configuration of thériplet
state of the compound studi&dt?2*Even for the most reactive
hydrocarbonsky is much lower than 10 s, It usually takes

a value from the range ¥01C° s™1, which means that the
activation energy of hydrogen abstraction is much greater than
zero and the process requires a large number of collisions
between T-ketone and solvent>1C® collisions)2? Although

abstraction from €H bonds of different order should bring
more information on the mechanism of hydrogen abstraction
reactions for hydrocarbons of different structure. Khe@alues
can also be used for assessment of the relative energy-bf C
bonds in hydrocarbons with easy access toHCbonds and
enable us to infer information about the steric hindrance in
hydrocarbons with tertiary €H bonds.

the reactivity of the hydrocarbons used as solvents usually has

not been isotropic, as implied by their structure, and different
Ec—n energies of primary, secondary, and tertiaryCbonds
exist, hitherto, almost the only experimentally observed overall
value ofky has been determined.

Determination of exact values ofy corresponding to
particular orders of €H bonds can be of great help in

interpretation of the phenomena observed. The accurate deter
mination of these values requires a proper choice of the method
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T Department of Physics.
* Department of Chemistry.

Il. The Choice of the Method and the Probe

The choice of a proper method of measurement is of vital
importance in determination of the rate constants of the reaction
of hydrogen abstraction from different&1 bonds. The purely
chemical method, which is based on the observation of the
efficiency of formation of stable products as a result of hydrogen
abstraction from several hydrocarbons by highly reactive excited
probe?324has a fundamental drawback. This is a formation of
intermediates, whose efficiency significantly depends on the
environment. Consequently, in this indirect method, the value
of ky(I1)/ ky(l) strongly depends on the properties of the solvent
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and can also be affected by different contributions of the of quenching involves the total or partial abstraction of hydrogen
reversible reactions and different energy of interactions with atoms from the hydrocarbon (solvent) molecules. Therefore, the
the solvent. The values of the ratky(lll)/ ky(1), when the value ofky is directly related tdc—y. The hydrogen abstraction
hydrocarbons acting as quenchers were dissolved in noninter-by S-thioketones is reversible. This follows from a comparison
acting perfluoroa-hexane (PFH) (9.7), were much different from  of a high value of the quantum yield of the primary process of
those obtained in the case when hydrocarbons were used onlyhydrogen abstraction (indicated by a 10-fold shorteningsef

as solvents (5.7). However, it is known that the presence of when perfluorohydrocarbons used as solvents are replaced by
PFH should not affect the result. It indicates that the actual hydrocarbon’$3849 with the low value of the quantum yield
mechanism of formation of stable products of the reaction of of the photochemical decay of XTggr < 1072).4344 This
insertion to primary and tertiary-€H bonds is more complex  reversibility is a very advantageous feature of thioke/§;*5as

and cannot be used for exact determination kpf The it allows accurate determination of, and thus, disregarding
application of the process of quenching of excited states of the the photochemical processes.
probe for the determination &, for a particular order of €H The correct choice of solvents-quenchers of a suitable

bonds on the basis of spectroscopic measurements is definitelystructure would permit a direct and reliable determination of
more direct and reliable. However, it requires a proper choice ky . Determination of the values & for the C-H bonds of

of a probe, its excited state, and the environment. The resultsthe same order for a few different hydrocarbons with a different
reported by Gieringf show that the use of systems in which number of primary and secondary or primary and tertiaryHC

the probe is quenched by hydrocarbon dissolved in noninter- bonds should show, if they are similar for different bonds of
acting solvents can lead to an error in the determinatidkyof ~ the same order. The results are expected to prove that the
The error is related to assessment of the relation between thehydrocarbons studied could be used as reference standards to
rate constant of the diffusion needed for a collision of the assess the influence of steric hindrances@in other, more
molecules of the probe and the quencher, and the rate complex structures of hydrocarbons. The use of a very stable
constant of diffusion separation of the encountered kai:. TCSPC system, an appropriate procedure of picosecond lifetime
However, if we still want to use systems of this type we cannot determinatior®3” and the HPLC methdd to check if the
excite the probes to the singlet short-lived1(0~° s) states, as  emission comes only from the compound studied, ensures a
for them, the dynamics of the process of quenching is complex small error of theky values obtained.

and not yet well recognize®:33 Nevertheless, it would be

possible to use probes excited to longer-lived singlet or triplet 1ll. Experimental Section

states, and then find the rate constakis, from the Sters

Volmer relation between the excited molecule lifetime and the - . .
was purified by HPLC. Impurities were present in undetectable

concentration of the quencher. However, this choice in the i q timated to be<af0-5 M rati
probe-quencher-solvent system implies the need to solve thedMmounts and were estimated to be concentration

. - .. In solutions prepared for experiments. Perfluo-tetradecahydro-
problem of self-quenching of the excited probe by the unexcited .
molecules of the prob¥.The incorrectly estimated contribution phenanthrene (from PCR Chemicals) and hydrocarbons (from

of this process can lead to incorrect valuesqaf Merck, Aldrich, Alfa, Wiley) were purified by passing them

L . through a silica gel and alumina column and by fractional
The reactivity of the excited probe molecule cannot be t00 iggijjation. They were free from fluorescent impurities.

high, because each encounter with the quencher molecule would UV —visible absorption spectra were recorded on Jasce UV

lead to its deactivation at the same rate for all three kinds of vis 550 instrument, and emission and excitation spectra were
C—H bonds. This ?6a334 taken place when the mqlecul_e ®f S taken on a Perkin-Eimer MPF-3 spectrofluorometer modified
ﬁdargantanegléoﬁé #tor the very reactive biradical (GH \ith 5 cooled PMT, single photon counting detection system.
as been usea. _ Unless otherwise noted, all emission lifetime were made at room
The aim of our study was to determine thevalues for C-H temperature using nondegassed solutions.
bonds formed by primary (C4i secondary (Cb), and tertiary To obtain reliable values d§;, we had to determine first the
(CH) carbon atoms with the use of a system and method g, xT |ifetime with the best possible accuracy. To ensure this
ensuring eI_|m|nat|on o_f all the z;bove-mentlon_ed errors. It was pest possible accuracy, we have applied the HPLC based method
to be achieved by investigation ofz-8anthione (&XT) of purity control and a very stable system of single photon
fluorescence quenching by hydrocarbons ap&s lifetime  counting (TCSPC) described in detail in ref 36. In this work,
7s2 determination by t3h79 time correlated single photon counting \ve will just briefly mention that the emission spectrometer
(TCSPC) techniqué:®’ The choice of $XT as a probe was  employed a laser system Spectra-Physics in the excitation
made to avoid the problem3s;3eglated to self-quenching becausepathway and a single photon counting system in the detecting
of a short lifetime of &XT. Thioketones in the Sstate  system. The laser system was composed of a pulse Ti:sapphire
are highly reactive, which ensures that the process of quenchingiaser Tsunami (7261000 nm, 82 MHz, 1 W, 2 ps) pumped
by hydrocarbons will be the most important path o by an argon ion laser BeamLok 2060 (10 W), a pulse selector
deactivation, even for the least reactive hydrocarbon containing employed to decrease the pulse frequency to 4 kHz, and a
only primary C-H bonds. On the other hand, the energy4of the generator of the second and third harmonics. The exciting beam
$; state for XT Es) is small enoughs, ~ 67 kcal/mot349 of the vertical polarization was applied to excite the fluores-
to enable detection of differences in the reactivity eft€bonds cence collected at the magic angle. The shape of the laser pulses
of the lowest energy. The lifetime opXT determined inthese  was controlled by an autocorrelator. For detection of photons,
conditions will be very short415—50 ps), but thanks tothe e used a fast photomultiplier MGAPPMT R3809U-05
use of a very stable TCSPC sysférand a special procedure  (Hamamatsu). The FWHM of the instrument response function

Xanthione was synthesized as previously descfib&dnd

for analysis of the results, it will be very accurdte. (IRF) was 35 ps. The data were collected from 1024 channels
As shown by the results illustrating the influence of the with a time resolution MCA of 0.61 ps/channel. The measure-
isotope substitution H/D in the hydrocarbon moleétier in ments were performed using the reference meffiahd the

the xanthione (XT) molecuféon thers; of XT, the mechanism results were analyzed by a homemade software which allowed
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the use of the LevenbergMarquardt or Simplex optimization
algorithms?” To eliminate the IRF dependence on the emission
and excitation wavelength, the delta-function convolution
method (DFCM) was uset.

IV. Determination of the ky Rate Constant

In general, the lifetime of SXT dissolved in a saturated
hydrocarbon can be expressed as:

TR @

wherekg is the fluorescence rate constaktthe radiationless
intramolecular deactivation rate constant, &gthe rate constant

of quenching by the hydrocarbon. In the case of hydrocarbon
solvents, which relative to highly reactive-tioketones are
effective quenchers, the, rate constant is a time-independent
quantity but it depends on the number and kind effCbonds

in the hydrocarbon. Assuming the same probability of the
quenching process between eachHCbond of a given order,
and the excited SXT molecule, the averagky value can be
expressed as:

K = 1) + k1) + S (1) @

where N is the number of all €H bonds in a given
hydrocarbonA, B, andC are the numbers of primary, secondary,
and tertiary bonds, ani(1), ka(I1), and ky(lll) are the rate
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TABLE 1: The Measured S,-XT Lifetime and the
Calculated ky(l) Quenching Rate Constant

number of bonds ()

Ts2
solvent [ps] | Il 1 10°[s™Y
2,2-dimethylpropane (neopentane) 49.3 12 0 0 1.35
neopentane2,2,3,3- 472 18 O 0 1.44

tetramethylbutane (1:1)

aThe above presentdg(l) values should be treated as very accurate,
which is essential for the claim of reliability of the rate constda(dl)
andkq(111).
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Figure 1. The S-fluorescence decay of XT in 2,2-dimethylbutane at

constants of quenching by the primary, secondary, and tertiary room temperatureif.c = 424 nm,Aem = 460 nm, 0.61 ps/channel).

C—H bonds.

The values of alky(l), ku(1l), andky(111) rate constants were
obtained by determination of the rate constaktsand k;,
followed by determination oky(l), ky(11), and ky(lll). The
values ofke and k rate constants were obtained from the
measurements oL T lifetime and fluorescence quantum yield
(P = 1,3 x 1079 in perfluorotetradecahydrophenanthrene
(PF), which is a perfluorohydrocarbon whose interactions were
the closest to those in the hydrocarbons USégkcause of the
weak interactions and chemical inertness of perfluorohydro-
carbons, the $XT dissolved in them undergoes only intra-
molecular-radiative and radiationless deactivatidit.he value
of ts, measured for XT in PF iss; = 148 ps, so

1

— _ —1
= PP 6.7x 10°s ©)

Kor

The value ofkpgis a sum ofke = 1 x 108 st andk = 6.6
x 10° s7L. A replacement of PF by saturated hydrocarbons does
not affect the value of=44%and has only a slight effect on the
value of the XTAE(S,—S,;) energy gap. Therefore, it can be
assumed that the intramolecular radiationless deactivakipn (
and the fluorescence process)(occur at the same rate in PF
and the hydrocarbons used. Sifge> kpg, (for the primary
C—H bonds, ky(l) = 2kpp the kpr rate constant can be
successfully used for determination of the rate constania
hydrocarbons.

V. Results

The Rate Constant ky(l). On the basis of the above
determinedker value and eq 2, the value &f(l) was found
[Table 1]. To do that, XT¢ < 1 x 10~5> M) was dissolved in
two hydrocarbons with only primary carbon atoms. The first
one was 2,2-dimethylpropane (neopentane, NP), while the

The reference fluorescence decay (circles) is that of XT in 2,3-
dimethylbutane measured in identical experimental conditions. Squares
are experimental data. The best fit is shown as a solid line. Also, the
plots of weighted residuals and weighted autocorrelation function are
included.

(TEMB), which is a solid. The SXT fluorescence decays
measured in the two solvents were of monoexponential character
(Figure 1). Although TEMB and NP significantly differ in the
structure and number of primary carbon atoms,thdifetimes
determined in them are similar. This result proves that the
reactivity of a primary G-H bond in these hydrocarbons is not
affected (or is very weakly affected) by the properties other
than the C-H bond energy, so from the point of view of the
guenching process, each of these bonds is of the same
significance. Therefore, these hydrocarbons can be treated as
solvents characterized by isotropic reactivity. It may seem
obvious for NP (a fully symmetric molecule) however, it was
not so for TEMB.

The Rate Constantsky(Il) and ky(lll). To obtain the values
of ky(11) and ky(l11), the decay time of &XT fluorescence was
measured in several selected hydrocarbons. The solvents used
for measurements &;(Il) had exclusively primary and second-
ary carbon atoms, while those used for measuremenigibF)
had exclusively primary and tertiary carbon atoms, which
ensured the simplest interpretation of results. Indeed, as follows
from analysis of the structural models of the hydrocarbons, all
hydrogen atoms are equally and easily accessible.

Because of a similar linear structure, the same number of
primary bonds and a gradually increasing number of secondary
bonds, the solvents: pentane, hexane, and decane were selected
for ky(ll) determination. The measurements in these solvents
were expected to answer the following question: does the mean
ku(11) rate constant depend only on the number of the secondary
C—H bonds—as indicated by eg-2or on other properties (like

second was a (1:1) mixture of NP and 2,2,3,3-tetramethylbutaneits polarizability and anisotropy) as well? To check the influence
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TABLE 2: The Measured S,-XT Lifetimes and the TABLE 4: The Influence of the Error in Determination of
Calculated ky(1l) Quenching Rate Constants 7s2 on the Quenchingky Rate Constant for Primary,
ratio of Secondary, and Tertiary C—H Bonds
kH(”) bOﬂdS Of Ts2 A‘[SZ kH AkH
s, _umberofbonds , jg0 gifferent solvent [ps] [ps] s [s7Y
—1
solvent [ps] ! I n s order neopentané&y(l) 49.3 —1* 1.29x 10 —0.04x 10%
pentane 25.9 6 6 0 4.9 1:1:0 +12 +0.04 x 10t°
hexane 24.0 6 8 0 5.0 1:1.3.0 -2 —0.09x 10°
decane 20.8 6 16 0 51 1:2.7:0 +2 +0.08 x 10
3,3 -diethylpentane 28.1 12 8 0 5.2 1:0.75:0 -3 —0.13x 10t
+3 +0.12 x 10
TABLE 3: The Measured S,-XT Lifetimes and the pentaneky(11) 25,9 —1* 49x10° —0.31x 10%°
Calculated ky(111) Quenching Rate Constants +12 +0.29x 10w°
ratio of -2 —0.65x 10%°
ka(lll)  bonds of +2 +0.56x 100
ts, _numberofbonds . 1011 gifferent jrg jr(l)-géx 18110
—1 . X
solvent [s] 1 1 I [s7 order 2,3-dimethylbutané(lll) 21.7 —12 1.9x 104 —0.16x 101
2,3-dimethylbutane 21.7 12 0 2 1.9 6:0:1 +12 +0.14 x 101
2,2,3-trimethylbutane 28.0 15 0 1 2.6 15:0:1 -2 —0.33x 101
+2 +0.27 x 10"
of the molecule structure on the mean valudgfl), measure- -3 —0.52x 10
+3 +0.39x 10

ments were also performed in 3,3-diethylpentaaebranched
hydrocarbon of spherical symmetry, containing only primary  2rs, obtained accuracy.
and secondary carbon atoms. The results of the measurements
are shown in Table 2. The valueslgf(Il) were obtained from

eq 2 with the use oker and mearky(l) values.

With increasing numbers of the secondary carbon atoms
forming C—H bonds (CH groups) in the linear hydrocarbon
molecule, their contribution in the process @f)ST deactivation 6000 1
increases. It is manifested by a well-evidenced decreagg,in
in agreement with the results of ref 38. A constant value of 4000
ku(ll) for these three hydrocarbons implies that the different
contribution of the secondary-€H bonds is the only reason 2000
for the difference inrs, values. The sames; in pentane and
3,3-diethylpentane at the same ratio of the secondary to primary ol
carbon atoms suggests the same probability of participation of 0 100
each bond in the quenching process. On the other hand, the
differences in their structure and anisotropy of their properties Figure 2. The S-fluorescence decay of XT in 2,2-dimethylpropane
do not affect the reactivity of the-€H bonds. On the basis of (7= 49-3ps), 3d3-d|eéhylpintletn)ne(: 28.1 ps), 2,3-d|methyl3utane (
the obtained values &f(Il), equal reactivity of all the secondary t;rﬁééiariﬁ)ré?(?xc :2‘212 Ai”r]]frt], i’e mliaar,]go(:nils,'%_gi) pn;/e(:%seijr{r?el)ét room
bonds can be assumed.

The value of theky(lll) rate constant was determined from
752 measurements for,XT in 2,3-dimethylbutane and 2,2,3-
trimethylbutane. Both solvents have only primary and tertiary
bonds, however, at different relative contributions. Because they

are butane derivatives, they do not differ much in their other to achieve because of the high stability of the TCSPC system

propert!es: ) . o . used and a special procedure of measurements and their
The lifetime values obtained illustrate a significant difference analysis?3 It should be also noted that the same errors in

in reactivity between the primary and tertiary bonds. Replace- |itetimes (different in percent) do not give the same errors in
ment of the methyl group by a tertiary-&1 bond results ina 14 rate constants determined.

significant shortening ofs,, which is illustrated by the results
for 2,2,3-trimethylbutane 76, = 28 ps) and 2,2,3,3,-tetra-
methylbutane #s,; = 47 ps). Although an increase in the
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The influence of the error in the determination of lifetimes
T2 on the ky values is illustrated in Table 4. It should be
emphasized that although the valuesref are very short, the
errors in their determination are very small, which was possible

VI. Discussion

contribution of tertiary G-H bonds in the molecule of 2,3- Analysis of the obtainekl, values should be performed taking
dimethylbutane brings a further decreaserép the value of into account a few important conditions. First of all, accurate
ku(111) determined for these hydrocarbons is clearly lower than and reproducible measurements of lifetimes in the range 20
that for 2,3,3-trimethylbutane. 50 ps were possible thanks to the time-resolution of the system
A comparison of $XT lifetimes in 2,3-dimethylbutaner§, (0.61 ps/channel), the available methods of lifetime determi-

= 21.7 ps) and in 2,2-dimethylbutangsf{ = 35.9 ps) illustrates nation, and exceptionally stable work of the TCSPC system
the difference in reactivity between the secondary and tertiary used¢3” The possibility of determination ofs, with a very
C—H bonds. In the two solvents of similar physical properties small error £+1 ps) was essential, as shown in Figure 2. As
(including interactions), there are 12 primary-8 bonds and a consequence, the obtained value&gf), ka(11), and ky(111)

2 tertiary C-H bonds or secondary €H bonds in 2,3- are fully reliable.

dimethylbutane and 2,2-dimethylbutane, respectively. The value As follows from the above presented results, the differences
of ky(Il) calculated for the 2 €H bonds in 2,2-dimethylbutane  between the rate constarkg(l), ky(ll), and ky(lll) are very

is 6.5x 1019s™1, significant. This observation is in qualitative agreement with
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the earlier obtained relative values in refs 23 and 25, and with to this, the measurement of the time-resolved emission decay
the estimated relations between the energies of the primary,is directly related to the SXT fluorescence quenching in the
secondary, and tertiary bon#fs3! The quantitative results differ ~ process of total or partial, mostly reversibieyg < 1072)3840-45
significantly from those reported in refs 23 and 25, which seems hydrogen abstraction from the hydrocarbon molecule, mad

to be a result of the fact that these authors had used too comples directly related tdy. Thanks to the very high reactivity of
procedures oky determination in which some of the assump- the thiocarbonyl group in the,State, the hydrogen abstraction

tions could not be satisfied. from the hydrocarbon molecules of different reactivity and
For the sake of illustration, the accurate values of the bonds Structure runs at a rate constadat~ 10'°-10" s*. In these
energy areE = 420 + 2.5 kJ for G-H(l) in n-propaneE = conditions,rs, is long enough to be measured accurately using
412.5+ 1.6 kJ for G-H(ll) in n-propaneE = 410.5+ 2.1 kJ the procedure described in ref 37, and simultaneously short
in n-butane, andE = 404.0 + 6.3 kJ for G-H(lll) in enough for the intramolecular deactivation processes competitive

2-methylbutané527 Taking into regard significant differences 0 hydrogen abstraction not to have a great influencen

in ky for primary, secondary, and tertiary-Gi bonds, irrespec- ~ and the influence of secondary processes on theTS
tive of the hydrocarbon used as a quencher K3 fluores- fluorescence to be negligible.

cence, it can be concluded that, as expected, the relative relations )

kei(1):ke1(11): ky(111) are determined by the energy of the bonds V!I- €onclusions

Ec-n(l) > Ec-n(ll) > Ec-w(lll), which depends on the closest The above-described method for determination of the reactiv-
neighborhood. Relatively small differences kg for primary ity of the C—H bonds of different orders enables us to obtain
and secondary €H bonds obtained for different hydrocarbons  reliable values ok for different structure hydrocarbons. The
(e.g. pentane and decane) can be explained by a small error imadvantages of the method can be summarized as follows:
determination ofs, However, significantly highek for 2,2,3- There is a simple relationship between thgvalue and the
trimethylbutane than for 2,3 dimethylbutane for tertiary bonds, reactivity () of the C—H bonds.

slightly higher kq(l) for 2,2,3,3-tetramethylbutane than for The accurate and reproducible measuremenmgpffrom the
neopentane for primary bonds and the relatiokgdecane} range 5-50 ps) by TCSPC method ensures accurate determi-
kn(hexane)> ky(pentane) for secondary bonds can be a result nation ofky (Table 4).

of a greater number of C atoms (electronegativity 2.5) than H  Avery high yield of $-XT quenching by hydrocarbons used

atoms (electronegativity 2.1) in a farther vicinity of the-8 as solventsky > 10% s~ and monoexponential character of
bond considered. Nevertheless, a similar valuig,(if) obtained S,-XT fluorescence decay, ensure the universal character of this
for pentane and decane indicates that the energy-¢d Gonds method.

in all CH, groups is very similar irrespective of their position  No secondary processes (including photochemical ones) affect
in the hydrocarbon chain. This is a very important conclusion the ky values determined.

in the aspect of the controversies about this subjééand the It is not important whether the quenching leads to formation

difficulties in accurate measurement of energy of differertC of radicals (as a result of total homolitic cleavage of I€
bonds?62" The results show that the significant decrease in the ponds) or radical-like individuals.
energy of the secondary-H bonds in subsequent methylene  Flyorescence comes exclusively from-)T, since the
groups in the alkane chain is not correct. However, it cannot radicals or radical-like individuals do not emit radiation.
be excluded that small differences in th€ll) values obtained A high value ofke (~108 s°1) for the transition §— S,
for linear hydrocarbons (i.e. slightly highén(ll) for decane  despite a shorts,, ensures that the intensity of XT fluorescence
than for pentane) are due to somewhat smaller reactivity of the jn hydrocarbons is sufficiently highd{s = 10739).
C—H bonds in CH groups in direct neighborhood of the The concentration of XT is low enoughs{0~° M) to
terminal CH groups. The greater the number of H atoms than gyarantee the presence of only monomer molecules in the
C atoms present near the-€ bond considered, the greater gg|ution.
the energy of the bond and thus the smaller ithevalue. A The long wavelength excitationd. = 370430 nm) should
significantly higherky(ll) for 2,2,3-trimethylbutane than for  ensyre exclusive excitation of (S~ S;) XT; in these conditions
2,3-dimethylbutane (Table 3) supports this conclusion. This the emission from hydrocarbon impurities has practically no
observation is indirectly supported by a significantly higher effect on the measuredb-XT decay.
ka(ll) for 2,2-dimethylbutane kx(Il) = 6.5 x 10'° s™) than Great photochemical and thermal stability of XT permits
for all other hydrocarbons studied. These results indicate thatmultiple measurements ofXT fluorescence decay for samples
the energy of the €H bond and thus itk value is affected  of |ow volume and minute amounts of the photoproducts formed
not only by the nearest neighborhood of this bond, although it have no influence on the value of, determined.
depends mainly on its order. The large differences iky determined for primary, secondary,
The results obtained have shown thatq is a very good and tertiary C-H bonds indicate great anisotropy of reactivity
probe for determination of reactivity of different- bonds of the majority of hydrocarbon molecules. The hitherto obtained
in hydrocarbon molecules. It is reactive enough to ensure thatky values are usually the overall values, depending mainly on
the process of quenching is relatively efficient even in the case the number of €-H bonds of a given order. They show that a
of interaction with the least-active primary &1 bonds. comparison of hydrocarbons with one another and with other
Consequently, the contribution of the process can be accuratelyclasses of solvents should be made with great care. Also, the
determined. On the other hand, although the process ofchoice of a proper hydrocarbon as a solvent in photophysical
quenching by the most reactive tertiary bonds runs at a very and photochemical studies must be very careful. A good
high rate constant, there still is the energy barrier for hydrogen illustration of this point is the great difference ig; obtained
abstraction from hydrocarbon molecules, i.e., the activation for S-XT in 2,3-dimethylbutane and 2,2-dimethylbutane, which
energy for this process is small but greater than zero. Therefore,seemingly are very similar solvents.
for practically all C-H bonds in saturated hydrocarbon mol- Although the reliability and accuracy of determination of the
ecules, the values & and Ec—y are directly related. Owing ~ C—H bond energies in small and simple molecules of hydro-
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- . Chemical Bonds, Tables-%4.
Because the mechanism of%T quenching by hydrocarbons (28) Kerr, J. A.Chem. Re. 1966 66, 465.

requires a direct contact between the molecules of these two (29) Cohen, N.; Benson, S. VChem. Re. 1993 93, 2419.
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