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'nrtthalpy of 'Decomposit on of doenPrx e

by Catedose a ýt 25*C (with Mokir Extinction,
Coeffkitents of H._0 2 Solutions in the UV)W

DENNIS P. NEI4SOYANtu LUTZ A..KIES0W

Experi~niriala Altdirine DiuisionNavaI Acdi'ca~lesetrch Institute,
Biethesda, Marplrand 20014

Iteceived tFlgnry 10,4972

'.171u11011a ily ti Cal me~thodls Oro bo~ooming~ increasingly #sgIgn cautiasre-
0s01ar170h tools Iit ýbiocowiiiis~ir, (1-3)i. 1lie heato reacation -is- -genearalfly -a
vary apeolfle indication of thle extent of reaction, Heat measurements are
of particular advantage for those systems lin which spectrophiotoniotrio
techniques are complicated by absorlbance or light scattering of the
sample.

Reported hertz -- tho ALI value for thle decomposition of H:02 solui-
tions by catalaso -(EC 1.11.1.0) at 2500 and thie itiolar extinction coecfi-
cients of 11:02g at thle wavelengths 245, 240, 235, and 230 nim. li plure
solutions, peroxide concentrations canl l)0 determnined. directly from thle

optical absorbance. Solutions cimutaining components Which adsorb lightI
lin this region, however, cannot, be assayed1 by a direct sJpectrophotomctric
applroach. lin this case, a calorimetric assay b~ased on thle beat of decoent.
position of hydrogen lperoxide is useful. Biochemical reactions that either
utilize 11:0, ats suibstrates or p~roduce hf..O: as a reaction product canl then
b~e monitored calorimetrically lin direct. or coupledi reactions. lit add~ition,

4 6xygeimation, reactions (4) that are concernei Withi the effect of Changing
p~artial pressures of Q, canl he studiedl inl a closed system calorimetrically
by geneorating oxy.genl gas ill Situ through thie docomftposi tion of 11,102 with
Catalaso, Ti'le enithalpy Change associated Willh thle decomposition of
11:0,, mnre it is known, canl then be subtracted from thie total enthialpy
change.

Hydrogen peroxide solutions (.O-.02,11) were prep~ared using Mathe-
son, Colemanui & Bell 30% hy'drogeni peroxide solutitoni Containing 0.0575

'Fronm flip Buretau of Nfeilehie and Surgery, Navy Deporimptrtn w ontf rcli Subtnsk
M1101eI201,1.0101. TheI opinions antd statements contained herein arc the privato
ones of the v'altcs maid orc not, to he conotruedl as offical or rellecting thie Views of
tho Nazvy DWperLtent or of the Naval Sprvico tit Large.
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sodinun pyrohlihsphatc uis 4 preservativq. Solutions were prepared Ur
0.154M NaCi soltion, Pioneer Clhemlcal, ACS reagent, with EDTA,
disodium salt, (6;0001 m) Mallinckrodt,'-A., addol as a final pcr'xldci
hdailizcr.-Catalo•i (from Aiperjillusi niger), was obtained froiwCalbio- I
chem. Soltitlons of tbl&cnzymn were preparfed In the concentration 1(.Mg
of catalaseo tor00 ml oa lie NaCkEDTA .sto'k solution,

Concentrations -of ;thoaydrqgen peroxide- hblutions were initially do-
1,, terirhied by titratloa with KMIi0n~ fNtllhiikrodt, A.H., which was stan- f

daMi'd~ze&dagaInst oxalicv acid, Titrisolpre-stcalrIiredmnpules,-o•. Merek
& Co. Optical dena, tles -of the 1130,. solutions wwrenieasudre at. 245, 240,
235, and 239 t.mii o . Zeiss model PMQ II spectfophotometer. Wavo-
length calibration of the spvetrophotometer was accomplished~msing two
emission lines of the hydrogen light source, Aseeol ln.IclepdcVdemýdeter-
mninatioi| of i1201 wA8 iweriern aaonitrjiclW at 26 i in it Warburg
apparatus, using-cutanlnse a (lhe decomposition cittiuypt In theohdo arin
•ancomecirlngj~e-pross(;ro ehihngdo -lmb Ctlite evolv% d Oxygen, 'Tho total
voluieo of the Warburg ve4.1els was ,20 ml with a 3 ml 'fluid volume,
Approximately 25 timoles 1110swere decomposed in each run resulting in,
pressure changes of roughly 170 mm Brodle's solhtion, The final catalase
,concentration after mixing was 100 pg/3 pll, Thli extinction coefiIclents
determined by (lie two independent, methods agreed very well anti the
vihies obtained by both methods were averaged,

Calorimetric mncasurements'were perforined on a Beckman 190B micro-
ealorimeter, Beckiiin -i Instrunents lne., Palo Alto, Califoruia, using
standard glaws veetses with two drop wells. 15 ml of eanalase solution,
prepared as above, were placed in the aimular spAce c6-t`tue reaction ves-
sel umid a precisely metered volume (0.2-0.4 ml) of I1,0, solution was
placed in tho drop wells. Peroxide concentrations were calculated Using
h(lie mensaored absorbance of the solution att a wavelength of 240 mil with

a I em optical path length and (lie extinction- coefficient reported ,here,
Ileat of dilution measurements were made In (le absence of eatahitse and
stubtracted from (lie heat vaiues observed in (lie decomposition runs. The
calorimeter was calibrated using the avil-bn•m neutralization reaetio':
NaOll + IiCI- NaCI + 1l60 at 25C. 'Fhe enthalpy value 13.37 keal!
mole wats assigned to this reactioni at this temperature, Calibration re.
aetiohs involvinig the protoatioth of tles hydroxymethyl)ainhmoinetln,
dtlso yielded the same calibration factor for (lie calorhieter within (hw

standard deviation of the standardization runs.

RESUITS

A \'ldue of 0.0304 ± 0.002 cm2-in11uole was obtained for the extinction
coefficient of 11.02 at 240 nm, This value Is valid tt concentrations 0.02 At
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qpIC below and Is wit~in the region of linearity as lindicated by dilution
experiments, The~ isolonic Bhlne-EDTA. solutioni was uqed (is a spooetro-

ph tom tebak and therefore did not contribute to the obscrýýd a
'8040e. heposa11)ility thant the mo(IiuImhpyropllospllato contained inthoi

originAl jfý02 solution miight contribute to the~hhorbanno at. 240 unm was
iflive Wittpe _f~nd: found, to be Insignificant, in the koneentsftton. ranges
studiled. Volties far th borption coocflvient' taken ~'mr tho literature
(0.030 cin'4irioie hipil. 003 i'pno)exhibit. a wdnl~e56

1 P valuie reported here -is roughly, t4e n:i Al f those two values. The,
vallfts fori the vmkitotion coefficients tit gia~ ,four, waVeecnjobe are:

241) trn - 0.0,108 _+ 0.0003
'240 itni iw0,03'%1 J_-0.0002'

urn ~ : - :10.0,013
71FGTh; - 07--aiio4 UA 1rloi AnaO! 11fn-

ppitric measurenient., Tito optiflei thvkw-ippv tvas if~ncored at. ho roar
Wavcleriýlxs for each Idirflp~~ent, Octerininition of concpntri~tloti.

Tbo valute for the all a, deroinposit ion wpm dotermined. to ki i
for-tho reoction

-ft. 2~5*0 Silne the reaetthn vecsge I n whirli the dtcornposition takti~ p4Ace
Is a closed vvimsel. tho oxygen, gai* pro4dimod in tlis reaction ran Comse at
mpremire chianjg in the ýci+ee Tilto heat. rhiinge In -rho reticlion 64oe not
thpq reflect. Itetatleally the %If of the- -rpotion, A prossure $'hnnge of 1A4

thin 11,alultedti~tl, fotfl iini of brtebgoi eirvjure t W anrovieng de.
compositi woxeI lin renlu i k msit rutl tctintjci hoee. op re ih oevingtimpher
preaeissTi~ t~ure, ha te nvt es mopnde or.evd seul~ wiotb the titnardo e rror
aiof whic v ro.Iitetfic prweturotn Aes1O ail pof rI~ eaetiof e'npn

ThJfo y deptnn~allo (onhitt of brt rng utvie ~rept-inei ~ainvlvn by-t* I

ej"Igpoiflm OtIthinlfl rep-,rteli hert, vichis Alvf hIuc fo-Ir rhosn'l (1omic
Maitlots inriolinK -IfA1 Ilea (if toactlon lahIvi r1.0 flbn lie it laler! to

Changes ill lio ganeffaum'wn timing thoai ll ýnhiw f".r tha~t f~tctlcan
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il-xa mpksg of Onzymiaw recations ametiable to such 'Vreatrcid inehtWda
those utilizing It20t its substrate, e.g,, entalose and percl~fduse, those pro-

-dueing IftOi ag- a product, e.g., glucose oxi~ae'. ýanthifoe oxidase, and
amino acid oxiditse, and those Which can be coupled to recatiot which'
inlvolve 11201 directly. Rfeactions urhidh ato directly Poneernedl with, the
mnetabolito of oxygen ann be studied inl A sitygle phasd 1-v ProdtzcirigtO'
ritirtial pressures in the liquid phase through the decomposition of 1f2Oj'
aitld by then monitoring he~ut, effects at~oriaH~ with the, Ponstimptioru or,
this oxygen. A part icular example rof the laLter i4 the a:v'gcnotion of
hemoglobint by the association of deox% hctnoglubin with f ht. I I. poduded
,by the W1O, doeomposition reactiton. Sfudies'af the Inflhmrn.o of various
mtaut~bolites oni Me enthialpyt of oxygenatioty of denxyhemoglobin Am
un~derway in fhi~s Iaboitarovy-

Thet value foe the 4(1 of deeajnpoatriei. d H( in licaUd solution VI,
2q*-tE litr- 0,16cd i ht te ituli -'vweni j4'T-ut

-,42.7 keal) mole, It is reporlted to f* rather Inisensitive f.i oneen~ftnation-
anti tomperatnr chningem The decomprosition of UP,(' by rataI5$O jt very
low concentrations has not been studied. howsvece. Rleported t'idues were
determined at much higher cn raosand roa~rseiv (xt~irolmlated to-
diluto solutions. Difloercres in the All- volneg reportedl in the literature
and thm, reporete here ore, iot pt5fir-i~lay surprising since the vmines
obtained in the 1iterat;te were ddocminul byv soame~that indirect methwbl,
And tile choice of ratalyst And ionic strungth, of the ýýolutiott are quite
difterent. The value reported here is.i of eotirge1 more applicable, to bio-
dhemical inv~estigationi since it involves iun enzymio dP,,mpw.zf ion eata-
lvst and a physiological ionic strinigth.

Trhe tmdhnpy i~f deetimpo~sition 4. loyolrrgen pertoXie esy rafala.-t ling
been dletoraneiuo tal(orimetricaulv In isoontrh saline tiolittimlls at 23('
fxtilletion OCITCuloliet Wi .4tlo rolsorted for laysiwoen pieroxide solutions
III the ul1traviolet

I Lkvi IX t IV I IiuT 1 1 NOWr, NM. UWT 44. J. AVEO AN-MV 1~, , 1.fdirn

3Aimi*( I U. Ri# I¶1is', Xf It, ftsrhm J 115,.441 11,M),
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