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W-Chromium(VI) oxidation of some alkanols has been studied in pcrchlotic acid medium. The 
r~ons~~torder~~~ toEsubstrattlandlHCrO;].The~~~~ithreJptctto~~]isbetwan 1 
and 2 for all the reactions. The activation parameters of the reactions have been calculated. A mechanism 
consistent with the above facts has been suggested. An attempt has been made to corrdatc the rate of the 
reactions with the structure of the substrates. 

The chromic acid oxida’tions of some organic 
compounds have been investigated.‘-* Most of the 
data show a decrease in rate constant with increase in 
gross [Cr(VI)],. But in methanol oxidatj~n,~ the 
dichiomate ion hd been found to be the reactive 
oxidant in perchloric acid medium. It was considered 
neoessary to carry out similar reactions with other 
alkanols like ethanol, isopropanol and benzyl alcohol 
to see whether a similar mechanism operates or not. 
Mareover, we were interested to see whether there 
exists any correlation between the rate of reactions and 
the structure of the alcoholic moiety. 

EXPERIMENTAL 

Reclgents. Potassium dichromate (G. R E. Merck), 
perchloric acid (BDH) and sodium perchlorate (Riedel, 
Federal Republic of Germany) were WXL Manganous 
perchlorate was prepared lo by the reaction of msnganous 
acetate with pcrchloric acid followed by recrystallization from 
pcrchloricacid. Alkanols(E. Merck) were purified by refluxing 
withexcessoffre&ly burntquicklime,followed bydistillation. 
Monodeut~~anol ( > 99.9 atom % D) was of Fluka A. G. 
quality. All other reagents were chemicalIy pure. Sofutions 
were made in doubly distilled water. 

Kinetic measurements. All the kinetic studies were 
conducted iodomctrically as mentioned in our earlier 
communication.9 The &actions were carried out at a 
rcr(vrh, rH+l n and temoerature of 3.34 x 10e3 hi. 1.0 M 
&td & ~~[ctl&ol], [is6propanol], and m al&hoi], 
~lx10~~M,lx10~~MandSx10~3M,r~~veIy, 
unless otherwise stated. Most of the oxidation reactions 
involving benzyl alcohol were studied at much lower 
[substratc]o/[oxidant]O ratios since this reaction is very fast 
under the conditions at which the other alkanols were 
oxidizxd. Ionic strength was kept constant by the addition of 
sodium perchlorate. The values of k,, wem reproducible to 
within +30/,. 

Product anaiysk.. The analysis of the products was carried 
out with the mixture, maintaining the kinetic conditions. The 
organic reaction products of ethanol, isopropanol and benzyl 
alcohol were confirmed by the preparation of their 2,4-DNP 
derivatives. AtIer the kincticexpcriments, 2&DNP was added 
to the mixture. The pmcipita& thus obtained were Wcred, 
washed and dried in OM(O. [Aoetaldehyde derivative yield 
720/, m.p. 167-168° (lit.‘* m-p. 168.S”); acetone dcrivativc 
yield 950/ m.p. 127.5” (lit.” m.p. 128“); lxnzaldehyde 
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derivative yield 7V/* m,p. 234” (li,ll m.p_ 235”).] The products 
obtained i the oxidation of e&an& isoprepan~ and he@ 
alcohbl &ilal’f to give tarts for acetic acid or bexu&c acid 
although the prim&y oxidation producta are knownjo be 
oxidi&i in their hydrated forma. The hvdradon eauiliirium 
comtants for’for&ki&yde, acetsildehy& add a&me otdy 
anavpil~kicitBcLiberature.13’Thesea2a’2Ox1~~l.3snd 
2x10-q rcqWiveIy, which indkate &at if there is any 
further oxidation of ~~it~~~y~~- 
~dchydaudacotom:M~~,,reoof~ti~ymrtch~w*- 
+muBtmioils pf oxidaat in aJmpmi#ou to,that Qf the 
alkanola, &dok~#)~ the pmaibility of further oxidation 
of the primary oridation producta, namely, the cafbonyl 
compounds. A@n, the relatively low yield of acetaldehyde 
and benzaI&hyde in compar&!t to ,that of acetbne may be 
ductothefpa~thzlthtpraawrofex~afkaaofgtbc~t 
ozidation product aaW+ly, rUehyde End keJtone are 
c%mvene&* ‘to their bem&%al a&d hemikef&l but the 
formation of hemiketal is less favoured due to stcric and 
electronic c&%9. 

REsuLm 

The pseudo&st-order rate constants (k,,& were 
calculated at various [Cr(VI& but at constant 
[substrate], [H+],, ionic strength (II = 1.0 M) and 
temperature. The results recorded in Table 1 indicate 
that the rate decreases with an i ncrease in initial gross 
Cr(VI) concentration. This is to be expected if 
HCrOi is the reactive species. The constancy of 
k~~[~(~)~~C~~] was checked at various C!r(VI) 
concentrations, whereCr(VI)andHCrO; denotegross 
and reacting species of CrO, respectively. The 
concentrations of HCrO; were calculated14 from the 
relation 

l/K, = 
[HCrO;lz 

Wr041 - CHCW’112) (0 

assuming initial dimeric species as the gross Cr(VI) 
concentration. The value for the dissociation constant, 
Kd of the reaction 

2HCrO; %Zr,O:- + H,O (2) 

at35”hasbeenreported’5tobc76.0atli = l.OM.The 
pseudo-first-order rate constants (k& were also 
ascertained at different [substrate], but at constant 
[Cr(VI&, [H’],,, ionic streqtb and temperature. The 
plots of k* against [alkanol], indicate that the 
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Table 1. F!.tTcct of oxidant concentrations on reaction rata 

rp, x 10’ 
(a-‘) 

0.677 1.137 2.40 1.41 202 1.18 4.80 282 
1.34 2.045 2.13 1.40 1.83 1.20 4.27 
2.67 3.489 1.83 1.40 1.54 1.18 :ii 
3.34 4.111 1.67 1.36 1.48 1.20 

E 
284 

5.0 5.463 1.54 1.41 1.32 1.2 3i.B 2.83 
6.67 6.639 1.37 1.38 1.20 1.20 282 283 

a, ethanol ; b. isopropanol ; c., bcmyl alcohol. 

reaction is iirst order with respect to each [alkanol] Efict of twkation of concentration qf sodium 
(Fig. 1). perchlorate 

The effect of variation of WaClO Jo on the rate of 
oxidation was measured at constant [Cr(VI)], 
[substrate],, ~ClOJ,, and temperature(Table2).The 
rates were found to increase with increases in 
PaClO Jo from (0.840) x lo-* M. This indicates 
that the reaction may involve ions of similar type or ion 
and dipolar s~ecies.‘~ 

Efl;ect of vmiation of perchlmic acid concentration 
The effect of variation of m+]e on the rate of 

oxidation was studied (j4 = 1.0 IN). Theoxidations were 
found to be acid catalyzed Themost widely used way of 
explaining their rate with acidity has been the Zucker- 
Hammettllypothesiq ‘“Jwherelogk,maybeplotted 
againsteitherlog[H+]eor -H,theHammetttidity 
function. The plots of log k,, against logcH+J, are 
linear(Fig.2)uptothulscidconoantrationsstudiadThc 
slopes of the plots are 1.8,f.g and 1.3 for theoxidations 
of ethanol, isopropanol and benzyl alcohol, respect- 
ively. However, the reactions do not observe any 
simple order with respect to the Hammett acidity 
function, and the plot of log kos, against -He is not 
linear within the acid range studied. The values of the 
Hammett acidity function were taken from Rocek and 
Aylward.’ W 

Effkct of vat&ion of conentration of Mn’ + 
The reaction rates were studied in the pruuma of 

dilTerent concentrations ofmanganousion6. The results 
presented in Table 3 indicate that pseudo-first-order 
rate constants daxeased to nearly W/. of that in the 
absence ofmangarious ion when [MnZ+] 2 1.2 x 10-j 
M, in the oxidations of ethanol and isopropanol, 
whereas the decrease is nearly 25% for benzyl alcohoL 
The decrease in rate in the presence of manganous 
ion is therefore, in agreement with those reported 
ear~er*13a.14 

0 0.1 0.2 0.3 0.4 M(a) 

I I 1 I 
SO 10.0 15.0 20.0x10~M~c) 

I I I I I 
0.05 0.10 0.15 0.20 0.25 0.36 M(b) 

[Alkonol], - 

Fig. 1. Variation of ptamdo-tierdcr rate constants with subatratc conamtrationa plots of k, against 
[alkanoi]o. .,.ethanol; IJg, isopropmol; n , bcnzyl alcohol. 
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-tog [H+&,(b)-- 
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I I 

0.25 0.50 0.75 1.0 

-log [H+&(o,c) - 

Fig 2 Dependence of firstadcr rate constant on m”lcr Plots of log & agaimt log m”]o. 0, ethanol; 8, 
isopropanol ; n , bmzyl alcohol. 

Activation pammeters 
The second- rate constants (k,) at d&rent 

twqsmtures were cakdatcd from the relation : 

k, = kJ&anol-J,. (3) 

The entbalpy of activation (A@) was then ad&&ted 
from the least squares plot of fog (LJT) vs l/7‘ (l%g, 3) 
follow by the evaluation of entropy of activation 
(As9.ThevalueaofAcandAsalWcurdedinTable4. 
A linear i&indtic tdrqtionsbip” was obtained when 
AS’ Was plotted against Ah* in the oxidations of 
&UtOlS. 

DEtUXJSHON 

Thekineti~ofoxidationofet&nol,isopropanoland 
bcnzylglcoholare~inchatocter.Thos,~ofthan 
are timt order with &spa% to IrrCrOJ as well a8 
[substrate] and the order with respect to @I’] is 

between 1 and 2. ‘I%cy are believed to follow B aimit& 
mechanism. T$is idea is also in keeping with the twult 
of the in&i&ii: plot. Agaiq the autoprotdlysis 
cotstantsl’fottht~~ols~vsry~At~acid 
maiium (1.0 M) the ~n~trstiion of a&oxide ion is 
very W. Conscqucntty alkozidc iOn cannot be 
col.Gid&cd as the nsctive re&&ant. MO&over, 
&ano&havinglonepnirsono&8nat~ms,c&&ta6 
Lewis bq@ to accept one proton to form alk!oionirtm 
ion in tbi.presana? ef a high cdnantradon of mineral 
acids.Sii&tbepnsentratctionswerccarrieddutat 
high acid&es (1.0 M)I it is likely that an app&%tjle 
amount of each alkanol remains as alkoxonium ion 
ROH:. Theorder with m toa&i(nemefy l.fl.9) 
can be explained by c&d&i& that the fen&v@ 
oxidant and reductant arc dtbcr H@O, (foimed by 
the reaction of H,O+ pnd HCrOi) UKI the protonatsd 
alkanols or protonated &CtQ and the lellaaol. If the 
oxidant is rjrotonatcd then the order with rcspeq to 

Tabk 2 EKect of salt wnccntratio~ on rcwtioo rata 

CNaciO Jo i IO’ M i&x lO”(s-1) k&x 103(9-l) k&x 104 (s-1) 

0 1.67 1.48 3.49 
0.8 1.71 1.54 3,67 

E 
1.79 1.67 

32 
1.92 1.75 :: 
208 1.83 4:36 

4.0 226 1.92 4.68 

4ctllanol;b$LopropMol;c,bcnzylakohol 
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Tabie 3. E&t of rn~~~1) ion concentrations on reaction rates 

[Mn’.+]o x ld M &&x lOS(s-1) k x lO’(s_‘) J& x 103 (s-l) 

0 1.67 1.48 3.49 
g O.% 0.92 0.91 1.01 2.86 3.14 

1.2 0.87 0.79 2.67 
1.6 0.87 0.79 2.67 

s, ethst101; b. isopropanol ; C, henzyl alcohol. 

RI 
I H rat 

R2--C--+O’ f H&r%+ s 
RI\ 

I ‘H NC 
H Ra 

Rr=H, R2’CH3 for’ethonol 

R,=CH,,R,=CH, for aopropanol 

R,*H, Re=Ph for bertzyl alcohol 

acid must be the same for the oxidation of different Cr(IV), generated in the rate determing step, reacts 
alkanols. On the other hand, if the reductant is rapidly with Cr(VI) to form G(V), followed by the 
protonated then the order with respect to acid must be oxidationofmoreciUriinoltothecarbonylcompoundio * 
different for theoxidation ofdifferent alkanols. Actually a fast step. 

drtm,+Crrml--2Cr(P) 

,,-,,+I + CrO -----Y R2---C=O + CrUXI f 3H+ 

I 1 
t RI H 

~eo~er~fo~dtov~~oml.~~o 1.9~~~ting~t 
alkariols have been protonated, Morodver, the 
variation in rate, namely isopropatioI > ethanol > 
benxyl alcohol conforms with the order of basicity of 
the alkanols. This supports the fact that chromic acid is 
not protonated but the akanois are proboated. The 
reaction between HaCiQ and protonated alkanols 
wouldhe the preferred initial step since the rate of this 
reaction is expected to be enormously gre+teP* than 
that involving protonated H,CrO, (i.e. HCrO:) and 
the neutral alkanols. Thus the reactive. oxidant and 
reductant species are believed to be H,CiO, an4 
ROHZ. The increase in the rate df.oxidation 6th an 
increase in ionic strength supports the involvement of 
an ion and a dipokr s$e&s.‘@ 

The formation of the product is believed to proceed 
via the fast generation of an intermediate chromate 
ester stabii by intramolecular Wonding and 
subsequ.ent slow ~propo~onation of ester to yield 
earbony compounds and H,C~03. There is no direct 
kinetic evidence for the existence of such an ester, the 
~u~b~urn constant for the esterification process is 
believed to be very low. The mechanism of these 
oxidation reactions is given in the above scheme. 

RI J 
Cr(IV) may also disproportionate 85 

2Cr(IV)- Cr(V)+Cr(IlI). 

Cr(V) then reacts with alkanols as shown above. The 
rates of oxidation of ethanol and its monodeutero 
derivative under identical conditions were practicaliy 
the same (kH;NED P 1). l%is is also in accordirnce with 
our earlier observation* from the oxidation of 
methanol and $s monoaeutero derivative by Cr(VI). 

The oxidation of PlhanoIs by Cr(VI) leads to the 
formation of earbony CQmpounds which can undergo 
further oxidation’ to aIkanoic~%cids. Moreover, these 
alkanoic acids may form esters with excess aIkanols in 
the presence of an inorganic acid catalyst. It is also 
known that oxidation of earbonyI compounds proceed 
via their hydrates. 2o These h dration reactions are 
catalysed by mineral I acids. i ‘Sir& the present 
investigation was carried out at 1.0 h4 acidity, the 
formation of alkanoic add under the prosent 
experimental conditions is highly likely. The result of 
product analysis indicates the absence of alkanoic acid 
in the reaction mixture. It is possible that the carbonyl 
compound, the initial product, undergoes fast 
hemiacetal formation with excess aIkanoIs rather than 

Table 4. Activation parameters for the oxidation of dkanols 

Alkanols AH* (kJ moi-‘) -AS (J K-* mol-‘) 

hilSll01 49.0 120.2 
Isopropanol 531 107.7 
Bsrql alcohol 26.6 180.8 
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Fig. 3. fxdlucncs of temperature on second-order rate 
constallts. Plots of log (kJT) a8aiast l/T. 0, ethanol; M, 

isopropaaoi ; n . bcnzyl alcohoL 

hydration, in the presence of mineral acids acting as 
catalysts. Hemiacctal remains in equilibrium with 
carbonyl cmnpounds which respond to the DNP test. 

In conscqucnce to the given mechanism, the 
substitution of the d-H of CH,CH20H by a CH, 
group inhibits the formation of the intramolecularly 
H-bonded intmmdiate ester due to the + Z effect of the 
CHs group. Hence the rate of reaction is expected to be 
smaller with isopropanol in comparison to that of 
ethanol. Again the substitution of the CH, group of 
ethanol by a Ph group facilitattes the formation of the 
in~~o~~ly H-bonded iutermdiatc ester due to 
the -Z effect of the Ph group. Hence the rate of 
oxidation of benzyl alcohol is expected to be greater 
than that of ethanol. The actual order of the rate 
of reaction namely, benzyl alcohol > ethanol > 
isopropanol is in accordance with the suggested 

mechanism and establishes the fact that the rate of 
oxidation depends on the structure of the substrates. 
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