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The standard enthalpies of formation of pyridbium and potassim fluoro- 

and chloro- chranates (VT) have kendetemined frantheir heats of 

alkaline hydrolysis. The unexpected ability of pyridinium fluoro- 

climate tooxldise organic substances alrmstaswell as the chloro- 

chromate is rationalized in terms of the close enthalpy values for 

the oxidising couples CY03F-/F'- and QO3Cl-/Cl-. The oxidising 

ability of fluoroselenaks relative to the Group VI analogues, the 

fluorochrcanates, is also assessed. 

Recently the existence of an isoelectronic seriesof reagentsE3AX2 has 

beenindicat~~d,whereEisabndingornon-boniingelectronpair, 

A a main-group V-VIII elemnt and X a halogen [1,2]. These reagents are 
basedonatrigonalbip~amidal gecimtryandtheir halogenating ability 

for a given X varies periodically with the central atan A. A correspond- 

ing tetrahedral series of oxidants, the tetra oxo- anions or neutral 

oxides,withthe centralatms inGroupsVI -VIII,havekeenused 

extensively in organic chemistry without explicit recognition of a 

similar periodicity in reactivity i.e. oxidisingpmermderating as a 

group is descended, or a period traversed fran right to left. Of 

especial interest are thehalo-substituted 

such series, with 

changeof peripheral rather than* central atan. Alsoone can 

ampare correspmdingreagentpairsinAandB sub-groups. Inparticular 

themnoflumo and chloro-chranates (VI) have kenpopularizedrecently 

as mild but effective oxidants for converting primary or secondary 

alcobls to carbony ampounds, and even of polycyclic arenes to guinones 
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in high yields [3,4,5] it seems that the pyridinim fluoro and chloro- 

chranates are very comparable in reactivity judging fran the reaction 

conditions quoted. Reaction tunas, oxidant to substrate ratios, mrk-up 

and yields are sirmlar. This seems surprising in view of the higher 

stability and stronger bonding in the fluoro-chromate anion. Hcwever, 

if corresponding reactions of fluoro and chloro-chromates are thenno- 

dynamically controlled and possess the same stoichica?etry, then the 

reactivity should be related to thermcchmnical couples [I,21 rather 

than the energies of the reagent molecules alone. This hypothesis is 

tested with data obtained from heats of alkaline hydrolysis of fluoro 

and chloro-chranates. 

Reagents 

Pyridinican and potassium fluoro and chlorochranates were prepared by 

published methods [3,5,6] and all salts ore well dried in vacua. A 

mid-fraction of pyridine, freshly distilled from potassium hydroxide, 

was used. Undistilled pyridine gave unstable salts presmly from 

internal oxidation of iqourities. 

A 2.20M KOH solution served as the calorimetric medium. 50-IOOmgr. 

samples were inserted into 9Omlof this madim using polythene syringes 

(lml) with the Luertip renwed and stop~~~edtithpolythene bungs. 

Aradio-active sourcewasplaced inthebalancecasetopreventany 

charging of the plastic syringes leading to weighing errors. Auxiliary 

heats of solution of K2Cr04, KCl, KF and pyridine were measured in 

the appropriate hydrolysates. 

Theisoperibolcalorimeter was of the standardDewartyps but the 

measuring circuitry was of iqroved design. Briefly the Wheatstone 

bridge was replaced by a pseudo-bridge using a good guality operational 

artplifier across the ratio-arms and with the thermistor in the 

feed-backtothe inverting terminal [7]. This arrangement gives a 

linear output with change in thermistor resistance unlike the 

Wheatstone bridge. The calibration heater timing was controlled by 

an 1-C. timsr (ZN 1034) accurate to 0.01%. The out of balance bridge 

voltage was transmitted from a digital ~ltmeter (Thurlby 1905a) to 

a cauputer for on-line processing of data. 
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Callhratlon of thecalorimaterusiq the heat of solution of potassium 

chloride gave a value of -17.62 f 0.05 kJ ml-' in conparison with 

the accepted value of -17.59 kJ mol-'. 

'Ihe measured heats are s umarized in the tables. 

TABLE1 

Heats of reaction of chloro- and fluoro-chranates (VI) in 2.2M KCH 

Salt -AH/kJ ml 
-1 

*pyH+Cro3c1- 126.5, 127.1, 126.6, 125.4 

mean 126.4 

pyH+m,F- 128.7, 128.7, 129.9, 131.4, 128.5, 129.6, 128.5 

mean 129.3 

KCro3c1 96.2, 98.4, 96.4, 95.7 

mean 96.7 

KCz03F 84.5, 87.0, 85.7, 86.4 

mean 85.9 

*py=pyridine 

T-2 

Heats of solution of product mlecules in hydrolysed salts. 

SOlUte 

PY 

KC1 

K2CrC4 

KF 

in solutions of 

PyH+Cro,c1- KCr03F 

6.2 f 0.2 n.p. 

-15.9 f 0.1 n.p. 

-12.9 f 0.3 

n.p. 19.3 f 0.1 

Kcr03C1 

n-p. 

-15.9 f 0.2 

-14.7 f 0.1 

n.p. 

n.p. not a hydrolysis product. 
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RESULTS AbD DISCUSSION 

Using the heats of hydrolysis (Table I) and the auxiliary heats 

(Table 2) together with I&? following enthalpies AHtinkJ mol-' 

KOH (27.45 H20) -480.9; py (I) 101.2; H20 -28508; IV(c) -569.7 

KCl(c) -436.5 and K2Cr04(c) -1404.4 [8,9,10] in the reaction equations 

??yH+Cr03XB(c) + 3KOH (aq) = K2Cr04(soln) + KX (soln) + py (sob-~) + 21120 

Kcr03X(c) + 2 KOH (aq) = K2Cr04(soln) + KX (soln) + H20 

oneobtains 

AH; pyH+cro3c1- -975 kJ msl--I 
\ 

J 

169 

M pyH+CrO,F- -1144 11 

1( KC%D3C1 -1233 )I 

i 

157 
fl K0C3F -1390 W 

As expacted the fluoro-chrcmates arerrpre stablethanthe corresponding 

chloro-chrcmates by about160 kJmol-' The NE 500 value quoted for 

AH~CrC3Cl(c) of -1027lGJ rs~~l! [81 is obviously incorrect sl~loe this 

value is only marginally nrxe negative than the sum of the component 

KC1 (c) and Cr03(c) enthalpy values of -1016kJ- moj'and this is hardly 

ccenpatible with the Stability of Peligot's salt. 

Theexactmxhanismofhalochrcmm te oxidations has still to be 

elucidated, but the stoichicmetry for a typical organic oxidation, 

that of cctanol to octanal with pyH+Cr03C1-, has been established. 

It was found that the reaction could be cunpleted at a l/l ratio of 

pyH+cr03Ci/&iUlo 1 rather than at the 1.25-1.50 ratios usually 

suggested [Ill. This implies a 2e oxidation and subsequent reduction 

of Cr(VI) to Cr(IV) although the exact nature of this black residue 

was not exam&ad. The product from pyH+Cr03F- oxidations appears 

similarandhence theoverallreactions canbe formulated as 

pyH+m3X- + IM120H -f pyH+X- + CrC2 + RCW + H20. Omitting the 

constanttermswhenX changes betwsenFandC1one canccmpare 

oxidative ability using ths enthalpy couples 

AH; (pyH+F- - py~+crO~F-) and 

AH; (pyH+Cl--pyH+cro3Cl-) 
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or because we do not have values for the pyridlnium halides we 

can make a valid ccqarison using the enthalpies of the potassium 

salts. 'Ihe fluoride couple obtained 820kJ mol' [-570 - (-1390)] 

is then only slightly less favourable than the chloride couple 

796kJ rrol'-l [-437-(-123311 and hence provides a rationale for the 

unexpectedly small difference in reactivity. 

A similar matching of chlorinating coupleswhenccvalent Freplaces H 

has keen encountered previously [21. Again the difference is taken 

between two fluorine czqcur& rather than considering the fluorinated 

reagent alone. 

AH;(pEC6H41 - pK6H41C12) 4 

-81.7 -173.0 = 91.3 

AH;(C6H51 - C6H51C12) = 92.8 

114-5 21.7 

Fluoroselena~s are the non-metallic anal-s 

fluorochromates inGroupVI using the approach it 

be possible predict the ability of for-mar by 

ing the values of couples. 

Se03F- Se02 + 

and 

C.r03F- Cr02+F- 

Againtheabsenceofenthalpyvalues for fluoroselenates canbe by- 

passed by using the athm1 nature of F replacexrent by OH [12]. 

Enthalpies of H2Se04, HSe03F and Se02F2 should be approximately the 

same For the chromium ccqqnds this appears to hold. AH: &02F2 (c) 

-879, MI; Cr03(c) + H20(c) - 876 and AH: H2C!r04 (1H20) -882.1 with 

a minimal heat of dilution AH: H2Cr04W20 -882.5. 

Since the F- is ccnmrx to both couples it cancels in a difference, 

and the ccxqarison is between AH: [H2Cr04 k) or CrG2F2(c) - CrO2 (c)l 

and AH; (H Se04(ob Se02k)). 
-? 

The former is 295kJ: ml-1 the later 

305kJ ml indicating the similarity in oxidising ability of fluoro- 

chrcmmtes and selenates. 

In practice there is 1x3 guarantee that oxidation reactions involving 

fluoroselenates would follow the same route as tbse using fluorc- 

chrcnlates. these tid be n-ore difficult to handle because of their 

mxe rapid hydrolysis. 
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