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ABSTRACT

UV-absorption of heptene was studied for variable concentrations, C,, of sulfuric acid. The kinetic analysis of the
experimental results involves thermodynamic considerations of acidity function (H ) and activities of acid solu-
tions. The n-bond originated band nearby 200 nm is blue shifted for C, < 40%. The corresponding extinction
coefficient of thisband, ¢, sharply drops by afactor of 4 on passing from the agueous solution of heptene (e,
=1300) to about ¢,,, = 350 for the C, = 2% case. Moreover, kinetic analysis of the data indicates a monotonic
increase of ¢, to about 3000 nearby C, = 60%. A sudden drop to zero isobserved for ¢, inthe concentration range
between 60% and 80%. This is accompanied by the appearance of an absorption band nearby 300 nm. The
corresponding extinction coefficient, ¢, , showsagradual riseto about 2500 at the  highest C, studied (= 96%).
A similar monotonic rise of ¢, to about 4000 was al so observed for thisrange of acid concentrations. The order of
kinetic processes abruptly changes from 1 (for C, <60%) to 2 (for C, > 80%). These new results are discussed in

relation to the well-known
© 2009 TradeSciencelInc. - INDIA

INTRODUCTION

Extensive studiesof olefinsin acidic environment
have provided both theoretical™¥ and experimental
foundation for the chemistry of hypercarbon and car-
boniumions.*2¢9 Thelater play important rolein hy-
dration of olefinsaswell asindehydration of acohols[*

Traditionaly cond dered mechanismsfor thesestruc-
turesinvolveformation of carboniumionsby entrap-
ment of proton nearby the 7-bond (or bonds) of ole-
fine mol ecul eswith aconsequent addition of anions.
Virtually any textbook of organic chemistry could pro-
videintroductory guiddinesfor themost common en-
counterswith such processes.*

formation of carbonium ions and the breakdown of r-bonds.

However, kinetic studiesof the deuterium substi-
tuted olefinsin thel ow-concentrated acid sol utionsshow
no evidence for the free state of carbonium ions.*2
Nowadays, the so-called acid catalysis*** requires
considerationsof variousways by which attachment of
proton to olefins takes place. The exact structure of
solvated proton was shown to be of utmost importance
inacid catalysis.*>18

Many schemes have been suggested and tested in
respect of ionization processes, chargetransfer, attach-
ment of ion-parsaswell asfor incorporation of various
complexeswith both acid and water molecul es.*313
Theneedsfor separate considerations of low-concen-
tration (LC) and high-concentration (HC) regimesfor
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proton solvationin sulfuric acid, non-aquaticH,SO, as
well asinsuper acids (such asBF,, HF, etc.) havebeen
widely recognized.i>*4

In respect of LC, it has been shown that solvated
protons require two molecules of H,O to form the
H.O," structure. Inturn, in case of therather weak
organic bases, such complexesas, e.g., (CH,OH)_H*
may successfully competewith H.O," informing sol-
vated proton structures.® Infra-red studies conducted
inthe wide ranging concentration of H,SO, havere-
vealed such structural changesfor solvated proton as
from H.O," through H,Ose<H**««OSO_H up to
HO,SO¢esH*++«OSO H™, while going from LC to-
wards HC (from 5% to 99%).

Solvated protonsin HC regime were studied by
(namingjugt afew techniques): NMR, | R-spectroscopy,
UV-absorption and M ass-Spectroscopy methods.[*2&
% For many of theseresearchesH,SO, aswell assuch
super-acids as FSO,H-SbF,, SO,-SbF,, BF,, HF-
SbF, (and thelike) have been employed. In particular,
an application of Paramagnetic Resonance had helped
toidentify tert-heptyl cat ions®in HF-SbF,. Reports
on ol efine polymerization weremadefor thethermal ly
activated acid-cataysis studies conducted between 50
°C to 100 °C. Relevant to our theme, abroad UV-
absorbing band at 300 nm is known!® to appear in
olefineswhen these are subj ected to the HC environ-
ment of H,SO,. Thisobservationisasointerpretedin
termsof carboniumions.** Dueto adrasticincrease
of the extinction coefficient associated with thisband
suggestionsasfor employing thiseffect intracing the -
bond containing organicswere made.®

However, to the best of our knowledge no com-
parativekinetic studies of the n-bond related UV-ab-
sorption werereported for heptenewhenthe acid con-
centration rangeistraversed through from LC towards
HC regime of sulfuric acid. Various medium param-
eters(acidity function, agueous activity, etc.) ought to
influencetherate coefficientsfor the proton solvating
schemesresulting, thus, indistinct UV-absorption fea
turesto be observed.

Inthiswork we report isothermal kinetics of UV-
absorption of heptene, studied for variable concentra-
tions, C,, of sulfuricacid. Our findingsindicatethat the
order of theunderlying processes, theextinction coeffi-
cientsand the most-likely structure of solvated pro-
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tons, dl these experience quite dramatic changesupon
crossing throughfrom C, <60%to C, > 80%. Discus-
sion of thesenew resultsin terms of formation of car-
bonium ionsand the breakdown of 7-bondisgiven.

EXPERIMENTAL PROCEDURES

Isothermal kinetic study of UV-absorption by
heptene (Fluke) invarious concentrations, C,, of sulfu-
ric acid (Fluke) was performed at 25 °C using aspec-
trophotometer (Hewl ett Packard 8453). The concen-
trationrangefor C, covered by kinetic study wasfrom
43% 10 95 %. Rectified heptenewaspurified by distil-
lation. Sulfuric acid was of analytical grade. Concen-
tration of sulfuric acid was determined by acid-base
titration (Alkalimetry). Solutions of the required con-
centration were prepared by weight and molarity of
solutions was cal culated using density of solventsat
25°C.

Thereactant wasintroduced into an optica (quartz)
cdl in agueous solution containing 0.03 mol/l heptene.
Theconcentration of hepteneintheexperimentsvaried
between 2x10#to 9x10* mol/l. Typica time periods
for kinetic measurementswerestrongly C, dependent
and varied fromaslittleasfew hoursto several weeks.
For C, < 40% the kinetics was speeded up by stirring.
Thelatter wasvirtually unimportant for larger C,.

RESULTS

Typica UV-absorbance spectraof heptenein apo-
lar (hexane) and polar (acid) solventsareshowninFg-
ure 1 and indicate that the 205 nm band obtained in
hexane, asarule, isblue shifted by approximately 10
nm, when compared with that in sulfuricacid. Sucha
n-bond originated band at 190-210 nm (observedin
gpolar solvents) experiencesonly minuteshiftsfor C, <
40%. By definition, the absorbanceisdirectly propor-
tional to both the concentration of thelight-absorbing
reagent (hereon: heptene) and to therespectiveextinc-
tion coefficient of thebandsinvolved. Hereafter these
wereeither situated around 200 or 300 nm.

The corresponding extinction coefficient of the200
nm band, labeled hereafter ase,,,, sharply dropsby a
factor of 4 on passing from the agueous solution of
heptene (&,,, =1300) to about ¢,,, = 350 for the C, =

Hn Tndéan g%wumé



46

FPull Paper =

Kinetics of acid-catalyzed breakdown of z-bonds and formation of carbonium ions

PCAIJ, 4(2) December 2009

l (3 Solvents:
| il Hexane (1
21, | || 43% H,S0, (2)
Ul 97% H,50, (3)
Q0 | | -
2 II xﬁ\
= | fo
§ | |I \ /;' "-\
= R
- : ll b \
W\ _
0_ N —— E—————
130 200 250 300 350 400 450 500
»/nm

Figure 1 : Typical UV-absorbance of heptene in apolar
(hexane) and polar (acid) solvents. Observethat the205nm
band obtained in hexane, as a rule, is blue shifted by
approximately 10 nm, when compar ed with that in sulfuric
acid. Such azr-bond originated band at 190-210nm (observed
in apolar solvents) experiencesonly minute shiftsfor C, <
40% . In high concentr ation regimethenew band near by 300
nmiswell resolved.

2% case. Moreover, appearance of adistinct 300 nm
band (asoshowninFigurel) istypicad sartingfromC,
=70%; heretotherelevant ¢, extinction coefficient was
obtained. Theentireset of experimenta va uesobtained
for e, and e, ispresented later oninthis Section.

Kineticanalysis: Typical kinetic data (thatisD
= D(t)) for the pesk-val ue absorbance, D, obtained
indifferent concentration regimesfor the200 nm bands
areshown in Figure 2a. Observethat the representa-
tive datagathered for thelow concentration regime
(LC; 43% < C < 60%) differsdramatically from that
of the high-concentration (HC; 81% < C < 96%).
Indeed, comparethemonotonicaly vanishing D, data
of theLCregimetothegradually risingat HC. Differ-
ent kinetic processes are immanent, hence, for
describing such LC and HC results. Thisisfurther
substantiated by thekinetic analysis presented, respec-
tively, in Figure 2b and Figure 2c, for the representa-
tive LC and HC data sets.
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Figure2: (a) Typical kinetic datafor absorbance, D, in different concentration regimes(LC; 43% <C < 60%) and (HC;
81% <C < 96%). Different kinetic processes are immanent for describing such LC and HC results. The representative
kineticanalysesareexemplifiedin (b) for LC andin (c) for HC data sets.
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By virtue of the data constructionsshowninFig-
ures 2b and 2c, the former case corresponds to the
first order processes, whilethelatter isbest fitted using
the second-order data presentation approach.®¢ In
other words, provided that D = D(t), while D, stands
for theabsorbance figures obtai ned upon reaching the
equilibrium conditions, thefirst order datapresentation
requiresplottingLn(D - Deq) asafunction of t. Recall
that second-order processes are best analyzed by lin-
earity of the 1/ (Deq —-D) versus.

The corresponding rate constantsfor the processes
in LC and HC regimeswere derived from the respec-
tivelinear regressonfitsshownin Figure2b and Figure
2c. Hence, on passing through C, = 60-80% the order
of kinetic processesisabruptly changed from 1 (for C,
< 60%) to 2 (for C, > 80%). Theentire set of experi-
mentd findingsispresented in TABLE 1.

For the L C regimethekinetic measurementsallow
fortheinitid (i.e.,, themaximal) va uesof extinction co-
efficients(viaextrapolation of datain Figure2btot = 0)

TABLE 1 : Rate constants for the first and second order
processesin acid-catalyzed decomposition of heptene and
formation of carboniumions.

Keir (x102) Kett* (x10°) Keit Keit
CA _(min'l) _(min'l) (mole/l)™min?  (mole/l)* min
(First order) (Firstorder) (Secondorder) (Second order)
LC;200nm LC;200nm HC; 200 nm HC; 300 nm

43 0.44 0.225 0.8
44.4 0.58 0.276 0.9
457 0.69 0.487 25
48.6 1.10 1.06 13
51.2 2.20 20 12
53 4.87 4.17 6
54.5 9.58 9.05 16
56 10.70 10.2 34
56.2 12.80 12.4 29
56.9 19.50 18.0 21
57.6 23.80 23.3 32
58.6 29.40 28.4 30
85.1 16 2
87.4 2 3
89.9 3 9.5
92.5 9 15
94.8 184 22.60
96.0 44 48

C,- concentrations of H2S04, [%].

a = (CO-Ceq)/Ceqg; COand Ceq aretheinitial and the final
(t—>8) concentration of heptene; see text and Re: eq. 14.

k,— experimental rate constants, refer to Figures 2b, 2c and
egs. 7a, 7b; see also egs. 8, 13.

Kt =ak, /(1+a).

= Pyl Peper

to beobtained. Kinetic analysisof thedataindicatesa
monotonicincrease of ¢, to about 3000 nearby C, ~
60%.

It should be noted that for the HC regime the
maximal figuresfor extinction coefficientswere de-
rived asthe equilibrium readingsin therespective UV-
absorbance runs (held for about three weeks at 25
centigrade). Analysis of absorbance at 300 nm band
also resultsin asecond-order kinetic process, similar
to that depicted in Figure 2c for the 195 nm (=200
nm) band of such HC runs. A monotoneriseof ¢, to
about 4000 was observed for this range of acid
concentrations.

Extinction coefficientsare plotted in Figure 3for
the entire concentration range covered in this study.
Severd observationsareworth summarizing:
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Figure3: Extinction coefficientsfor thebandsspecifiedin
Figurel. Thedataobtained fromkinetic studies, aswell as
theequilibriumdata (very dow, if any, time-dependence), are
plotted for theentireconcentration rangecovered in thisstudy.
Observeavertical linedrawn at 65%. Significance of such
borderlineand theexperimental entriesaredetailed in text.

1. Asuddendroptozeroisobservedfor e, inthe
concentration range between 60% and 80%.

2. TheHCdataof bothe, , and e, exhibit smilar
rise, though the absolutefigurereached by ¢, , at
C =96% are about 2/3 of that found for ¢,

3.  Moreovey, it appearsthat the LC-rise of ¢, is
similar tothat obtainedfor ¢, and e, intheHC
regime.

4. Obsarveaverticd linedravnat 65%. Significance
of suchboundary would bediscussedintheforth-
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coming section. It wasverified that, whiletravers-
ing thislineby increasing (or decreasing) C,, the
above-listed HC (or LC) typical featuresof UV-
absorption spectrawerereproducibly recovered.

DISCUSSION

Whileingpecting theobservations presentedin Fig-
ures1-3,itisclear that theradically different interpre-
tationsof experimenta findingsought to be consdered
for thecrossing over from LC to HC regime. Thissec-
tionisorganized asfollows: First, agenera approach
tokineticandysisintermsof thethermodynamic vaues
of acidity function (H ) and activities of theacid solu-
tionsisgiven. Then, relevant mechanismsfor reaction
of heptenewith sulfuric acid are separately considered
for HC and LC regimes. An estimate of theborderline
concentration (refer to Figure 3) concludesthe section.

Thermodynamicsof acid catalysis: Analysisof
the base-acid equilibrium involves considering the
Hammett’si¥ acidity function, H . In particular, kinetics
of the acid-catalyzed hydrolysis of ethers,2527
lactams,/® dehydration of alcohols, 2% aldol addition
reactions® and many others***4 have been success-
fully analyzed and interpreted thisway.

Briefly speaking, H, was, at first, introduced for
nitroanilines® in order to describe thereversibleaddi-
tion of protonto thisgroup of compounds, viathe gen-
erdizedreaction:

B+H,0"< BH,O" )
This type of processes was shown to be better-
represented™ by the equilibrium between:
B+H.,0,’<>BH,0"+H,0 @)
Such processes allow astandard thermodynamic
descriptionusingaformal definition of theacidity func-
tion. Indeed, let Keq stand for theequilibrium constant
of theprocessesineg. (1), or eg. (2). The correspond-
ingactivities, labeledasa,, 3,,,, and g, .., arereadily
defined viathe appropriate molarity, C, and activity
coefficients, f, by meansof: g, = C.f,and a, ., =
Consorfarsos- LE thedegreeof ionization, |, bedefined
IC,. Inturn, the acidity, h , isintroduced

as. | = CBH3O+
by meansof h,=a,,..f./f, ... Thentheequilibrium

-~ ) B’ ' BH30+
conditionsrequirethat:

Keq = aB aH30+ /aBH30+ (33)
Physical CHEMISTRY o

or
K, =hyl (30)

In other words, whilelabeling pK = -Log(Keq) to-
gether with the definition of acidity functionasH =-
Log(h,), thethermodynamic description of theabove
processesissimply standardized. Thevalidity of the
linear relationship provided by:

H,=pK -Log(l) (30)
then ought to be verified for the specific reactants
involved.

It should be noted, however, that there exists
another ionization process that does not involve
attachment of protons. This, for instance, iswell-
documented™ for asulenes. Theionization mecha-
nism proceeds by the attachment (addition) of an
ionic-pair (acidic; labeled hereon as HA) viathe
following scheme:

B+HA < BeHA 4

In such a case egs. 3b and 3c are respectively
replaced by:

Ky =a,,/ (5a)
and
Log(a,,) =pK +Log(l) (5b)

withtheobviousredefinitionof I toreadas: 1 =C, ./
C,. General features of egs. 3b-3c and egs. 5a-5b
are, respectively, employed in the forthcoming
kinetic analysis of the dataobtained for HCand LC
regimes.

M echanisms: Acidic catalysis is known®*3 to
proceed in atwo-steps: (@) a fast, reversible ionization
of B (refer to egs. 1-2) and (b) arate-limiting decom-
position of reactive complexes (such s, eg., BH,O").
In our case, the second irreversible step, whereby the
products of reaction are obtained, isthe one respon-
siblefor the decomposition of the n-bonds. Schemat-
icsof theeventsare:

B+H,0,"< BH,0"+H,0— Products (6)

Asbefore, theequilibrium stageischaracterized by
Ky of eg. 3a Inturn, for thedecomposition of reactive
complexes, the experimentally observed effectiverate
of reaction, v, isassumed to coincide with the theo-
retically expected decompositionrate, v . Theformer
andthelatter are, respectively,

A udéan Journal
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V=K, Cy (78)
and
Vdec = kactCBH30+ (7b)

Hereafter, k , stands for the experimentally ob-
served rate constant, whereask_, correspondsto the,
ingenera unknown, rate constant of the decomposi-
tion stage.

Worth-noting that v correspondstothe entire se-
quenceof events specified by eq. 6, whereby v char-
acterizestherae-limiting decomposition step only. Upon
equaizingv =v, _andfor the processeswhereeq. 3b
issatisfied, oneobtans:

kaf = kactho/ Keq (8)
Hence, in accord with therdation:
Log(k,,) =Log(k,,/ Keq) -H, 9)

A Slope=14[C,: 43%- 50%]
© -Slope =08 [C,: 81% - 96%]

Figure 4 : Experimental data of keff for both LC and HC
regimes(refer to TABLE 1) areplotted in accord with eg. 9.
Observethat inthel C casetheresulting dopevalueisnearly
1.4, whereasfor HC it issmaller than unity and isroughly =
0.8.

A plot of Log(k ) asafunction of —H  should pro-
ducealinear regresson withthed ope= 1. Experimen-
tal datafor both LC and HC regimes (refer to TABLE
1) areplottedin Figure4 accordingto eg. 9. Activities
of water aswdll asthat of acid weretaken from litera-
ture.***! For theacidity function, H, the results sup-
plied by Johnson et a.*% were used. Observethat in
the LC case the resulting slope value is nearly 1.4,
whereasfor HC itissmaller than unity andisroughly =
0.8.

= Pyl Peper

Suchsgnificant deviaionsfromthetheoreticaly an-
ticipated dlopevaueof 1 cal for additional consider-
ationgd*3 asfor the exact thermodynamic parameters
and mechanism that govern either of the above cases.

This approach differs from the more traditional
one "3 where the acidity functionswere adjusted in
order to forcethe slope valueto thedesired one. The
reaction mechanismwas kept unatered in such cases.
Following themorerecent approach, however, weturn
discussing therelevant mechanismsthat would bringto
unity thedopevaluesof Figure4.

To start with, wenotethat in certain cases,™ the
schematic presentation of acidic catalysisisknown to
differ fromthat of eg. 6 and, instead, followsthe path:

B+H.0," & (BH,0")eH O— Products (10-1)

Thereevant linear regress onwith dope=1would
bethen obtained in accord with

Log(k,)=Log(k /K eq) +Log(ha,,,) (11)

Theleft-hand-side of eg. 11 isplotted asafunction
of Log(ha,,.). Herethewater activity istaken a the
appropriate concentration of thegeneraized acid, HA.

HC regime: Using the construction suggested by
eg. 11, theexperimenta dataof k . in HC regime (refer
toTABLE 1) areplotted in Figure 5a. The proximity to
the“slope = 1"’ line of both sets of kinetic data obtained
from 200 and 300 nm absorption bandsisevident.

It might be argued, however, that the experimen-

tally obtained second-order processes are in
conflict with thefirst-order ones suggested by eq.
10-1. Such apparent discrepancy isreadily removed,
however, if a second-order process is proposed.
Indeed, viaintroducing an additional, rate-limiting,
collision of the complex (BH,O*)eH.O with another
B molecule:
B+H.0,' < (BH,0")eH,0O (10-11a)
B +(BH,0")eH,O — Products (1CG-1b)
the second-order processisreadily recognized.[*¥ It
could beshown that eq. 11 still holds, nonethel ess.

Several modifications of the general processde-
picted by egs. 10-11 arein placefor hepteneand sulfu-
ricacid. For C, > 80%theintroduction of heptenere-
aultsinafast stage during which the -bond of heptene
isbroken resulting thusin C_.H,.OSO,H (heptyl hy-
drogen sulfate) or in heptanal.

Hn Tndéan g%wumé
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Atfirst theprotonissolvated whilegivingriseto
H,Oee+H**+«OSO,H. Then, uponincreasing C, afur-
ther replacement of water leads to
HO_SOe#esH**+«OSO_H complexes. For heptyl hydro-
gensulfate, thereactive complex (BH,O")eH,O and
the productsof reaction become, respectively:

feof

O+ -H* - - 0SO; H (OSOzH)

+ 2 HO3SO o H+' . OSOgH + H2C

Notethat asimilar scheme could be readily sug-
gested for heptanol. Observethat apair of de-local-
ized n-bonds appears as one of the products. Such
de-localized n-bonds are responsiblefor the 200 nm
absorption band asbefore.

Ontheother hand, the basic structureissimilar to
thet of thewe |-documented carboniumions/® for which
the 300 nm band has been widely studied.>® Note

HC regime: 81 - 96%

> - 190 nm

7 4 297mm

00 T T T T
6.0 6.5 7.0 7.5 8.0 83

Log(h a; )

that the suggested form alowsfor both (a) the catdytic
action of sulfuric acid and (b) the self-consstent inter-
pretation of experimental datato be made.

In other words, the recovery of the 200 nm ab-
sorption and the kinetics of the 300 nm band suggest,
both quantitatively (asisevident fromtheHC branch of
Figure3and qualitatively (refer to Figure5a), similar
modificationsof the corresponding density of statesas
afunctionof incressing C,. Smilar processlimitingroute
of egs. 10-11 seemsto hold for them both. Let usturn
discussingtheLCregime.

L Cregime: A fast reversbleionization shouldfol-
low eg. 4. In such case B reactswithionic-pair of acid
HA. Whentheirreversble, rate-limiting stepisincluded
theentire processcould begeneradized as:

B + HA < BeHA— Products (12)

Then the procedure (similar to that described by

€gs. 6, 7aand 7b) could be shown to produce:

keff = aHAka\c’(fBHA/ Kequ (13)
Sincein our case HA = H,SO,, then, provided

that f_,, /f, isindependent of C,, therelevant linear

regression with slope= 1 would be obtainedif, in ac-

cordwith

Log(k) =Log(k fua/ K fe) +Log(a,,) (19
theleft-hand-side of eq. 14 isplotted asafunction of

Log(a,,)-

Strictly spesking, eq.14 should bevdidfor thefully
irreversiblerate-limiting stage. Our experiments have
revealed, however, that the decomposition of heptene’s

-0.57 LC regime: 43 - 39%

-1.04 /3/ J
._ZE 1.5 Slope =1
=1 G
=)
— -2.04

s /

(b)
_30 T T T T T
20 25 30 3.5 40 43
Log(aE_;SO‘)

Figure5: Uponreconsidering theproton solvation complexesand therelevant mechanisms, thedata of Figured4arere-
plotted. In (a) theexperimental dataof k , in HC regime(refer toTABLE 1) ispresented in accord with eqg. 11; in (b) asimilar
construction asaboveisshown for k . * of theL C data sets(r efer to eq. 14). Theproximity tothe“slope = 1” line of both sets
of kinetic data obtained from 200 and 300 nm absor ption bands(asfor (a)) and from 200 nm band (asfor (b)) isself-evident.
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n-bond was, dthoughirreversible, partialy incomplete
for C, < 46%.

To account for thiseffect let thedegree of heptene
decomposition, a., be defined as: o = (C, - Ceq) / Ceq;
hereC, - istheinitia concentration of heptene, and C
correspondsto that obtained at theequilibrium phase of
kinetic measurements(t—8). Thecorrected vaueof k
denoted ask *, is defined™ ask . * = ok ./ (1+a).
Vauesof k., aandk * areshowninTABLE 1. Figure
Sbshowsaplot of Log(k*) asafunctionof Log(a,,);
observethat the“slope = 1"’ line agrees reasonably well
withthedataof thisFigure. In our case, thereaction that

-5 op

= . H,SO, —
+51 10—
H_O\{O
7/ \O
OH
OSOsH

' "0 )\/\/\
+ H,SO,
OH

—_—
‘ )\/\/\
+ H,0 + H,SO,
followsthegenerd processdepicted by eq. 13is.

Here, therate-limiting step isknown to exist for
olefines 814 |n accord with our kinetic results, there-
versible charge separation step is assisted by attach-
ment of theion-pairsto heptene.

Critical boundaries Stoichiometriccdculaionsfor
dissociation of sulfuric acid suggest that below 57.6%
the protonsget solvated viatwo moleculesof H,O giving
rise, thus, toH_O,". Ontheother hand, for C, ~73.1%
thedeficit of water resultsa firstinH,OsssH*++*OSOH
which is followed by formation of HO_SOse-
H*s«OSO,H upon afurther increaseof C,.

The critical boundary in Figure 3 was drawn
midway of theaboveestimatesat around 65%. It falls,
roughly speaking, in between the concentration values
suggested by the above noted proton-H,O bonding
structures. Very fast kinetics of the n-band decay
occurstoitsleft. Inturn,immediately to theright of this
lineavery dow (severd weeks) recover of the -band
absorption, aswell asadiminishing appearance of the
300 nm band, were recorded. Complementary
methods could be envisaged to do better inthis cross-

= Pyl Peper
over regime of sulfuric acid concentrations.

CONCLUSIONS

Kinetic study of UV-absorption by hepteneinwide
concentrationsof sulfuric acidreveded acritica bound-
ary for theacid catalysismechanisms. Thesewere sug-
gested and reasonably well supported by experimenta
findings. Thesgnificanceof thermodynamic consider-
ationsfor proposing various catal ytic routes was ex-
plored and involved recognition of different proton-sol-
vation complexes. Thisway, thefirst- aswell as sec-
ond-order kineticsin respect of thelow- and the high-
concentrations of sulfuric acid were self-consistently
accounted for. Most of the experimental findingsare
novel and offer challenginginsghtsinto catdyticaction
of sulfuricacid andthereaction schemesinvolved. Since
the critical range of concentrations (between 60% to
80%) revealed herefor thefirst timeisrather poorly
access ble by themethod employed, further theoretica
and experimental studiesseem to be needed.
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