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REACTIONS OF AIANINE WITH THE REDUCING SPECIES FORMED IN WATER RADIOLYSIS™
Boyd M. Weeks, Sibyl A. Cole, and Warren M. Garrison
Lawrence Radilation Laboratory
University of California

Berkeley, California

May 1965

The principal actions of ionizing radiations on solutes in dilute aqﬁeous
solution are initiated by the radiation-induced step
2

0.0 PYVIVEIS H90+ +e - (1)

which is Tollowed within lO“13 sec and th}l sec respectively'by the reactions

+ ‘ R : o .
: h ——> 4 0H, s )
B0 # H,0 | H,0 + OH.,: o , (2) .
where e - represents the hydrated eléctron.g' The course of subsequent reactions

aq

in irradlated aquebus solution may be strongly influenced by pH since the hydronium

ion: reacts rapidly with e;q according to

- ot ‘ : o
e aq'thBO — H-+H20.. ‘ (“)

Conversion of e;q toH is not specific'fb the H50+.ion.. QOther pfoton
| ‘ 5

donors are also effective, ammonium ion, for example, converts eaq via

. -'l + L .
g N, —> H+MH

a | 3 (5)



and‘the‘analogous reaction

Caq T - +xRNH2 o (8)
might be expected to be of importanceedn thedradiolysis of aqueous solutions'of
organic compounds containing the =NH, function. With the amines, & dissociative

cleavage of the N-C bond may alsc be envisaged
e’ +RNH, —> R +DNH, . (D

Some Preliminary evidence on the role of reaCtionf7 in the-radiolysis of the
C-zmino acids in aqueous solution has been described. We report here a detailed
study of the reductive deemination of‘alanine'in_OXygen~free solution under -y-rays.

Data on the glycine-water system have also been_inclﬁded for purposes of comparison.

.Exnerimental
Materials. Alanine and glycine (Nutridnai Biocnemioais) were recrystalized
several times from watér. t The Clﬂ—labeled alanlne and gly01ne (CluOOH)‘weref‘
purified chromatograph:cally on Dowex 50 (hydrogen form) ydrochlorlc acid in’
progress1vely increasing concentratlon (O to M N) was used as the elutlng agent.
The separated amino-acid hydrochlorides were passed through Dowex 1 (acetate form)
to remove chlorilde 1on; the aeetic‘acid was removed under vacuum and the amino acids
were then recrystallized from water. The detailed procedures have been descrlbed 2
Water from a Barnstead still redlstdlled first from alkaline permanganate and then
from sulfurlc acid was used in the prenaration'of the solntlons.' The chloroacetic
acid (Eastman) waS»redistilled'in vacuo. All other chemicals Were reagent grade
and were used without further purification. The pH adjustments were made with

sulfuric acid or sodium hydrokide;

L"v
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Irradiations: The pyrex irrediation cells were cleaned in nitric acid-hydrogén

peroxide solution and finsed with triply-distilled water. Téh-ml samples were
irradiated in cylindfical pyrex cells with a total volumé of "0 ml. The samples
containing Clu—laﬁeled aminé acid Were.ifradiated at a volume‘of 1l ml in a propor-
tionately smaller éeli. -Sampléé ﬁere.de-gassed by evacuation. The irradiations

were made with CO60 Y-rays from a éOO curie source. The dose-rate,

"5 x 1016 ev gm_l min-l over the period of this study was determined by the Fricke

+5) = 15.5,

dosimeter, G(Fe = 2180 at 24° C. ‘Energy deposition in solutions

205

was taken to be proportional to the electron density.

Analytical procedures: Gaseous products»#dlatile at fBOO'C were transferred‘to a

gas buret by means of a Toepler'pump. 'After the total volume wés measurgd a sample
was withdrawn for mass spe;tfgmetric analysis._‘The systeﬁ wasvdesigned so that the
neutral and alkaline sampiés_could be écdified tb pH <1 tp insure quantitative -
recove}y of carbon dioxide.

The Conway diffusion method6 was used to separate ammonia froﬁ %he irradiatedl
solutions. The diffusates were assayed by meaﬁs of the Nessler reagent. Pyruvic
acid and acetaldehyde from alanine and glyox&lic‘acia and formaldehydevfrom glycine
were identified by paper chromgtography.of the Q,A-dihitrophenyl hydrazones;5'their .
sepérate amounts were quantitatively determined by the method of Johnsoﬁ and Scholes.7
The appropriate ”blaﬁk” and. control runs were made.  Ammonia and carbonyl measure- |
ments were_feproducible_to within 5 percent.,

The fatty-acid yields were determined radiometrically. Solutions contain-
ing the Clu—labeled amino acids at a known specific activity were irradiated énd
then "spiked" with measured amoﬁnts of propionic -and acrylic acid in the case of

alanine and acetic acid in the case ofi glycine. .The entire sample was then placed

on a silicic acid column and chromatographed with the butanol—chloroform solvent

system after the method of Marvel and Rands"8 to separate the fatty acids from
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the aminé acid and from 6£her ﬁroducts; pr&ﬁionié andragfyiié aéids'aré eluted

together in a single peak1' To.s§parate1y determine these‘aéids it-wasﬁnécéssary
to brominate thé'mixture,and re-chromatpgraph. vThe-moho and'aibromopropionic acids

are well separaﬁéd_from prépioﬂic acid. Yields were caiculéged frbm the specific

activities of the initial amino acid solution and the isolated fatty acid.

.Results.
We find,iin_égreément with'Maxwell.andvco-workers9 that the majof'degrada-

tion products‘from unbuffered alanine solutions (pH6,H),include'ammonia, propionic

acld, pyruvic acid and acetaldehyde. In addition we find acrylic écid:‘the obééfved_'

yield of this product varies considerably from one run to ‘the néxt but aﬁeragés-ﬁ
gbout lO_percenﬁ of the prdbionic yield. ~Productﬁyieids frdm alanine increase
rapidly with increasing solute concentfatioh up.to ~O;5 M and'thenvtend,toward
limiting values in the concgntration range ~0.5 M to ~1l M (Fig. 1). Glycine at -
pH 6.4 gives a very similar G(NﬁB)—:éoﬁcentraﬁion plot;lo: |
Figure 2 shows the marked éffect Qf pH on ﬁhe.G(NHé)-'éonceptraﬁion ploﬁ
for alanine. The ammonia yield is thsistently-aboﬁt'one unit greater at pH 2.8
than it is.at pH 6.4 of at_pH foiiﬁfor alaniné concentrations above about 0.2 M.
The effects of.ah addé@'radical'scavénger}:formate ion,loﬁ G(NHB) ffom
-neutral 1 M solutionsfbf alanine and glycine are sﬁown in Fig; 3. The ammonia
yields from both the alanine'and glycihéfsystems drop sharply with increésing
concentrations of formate and thenvéﬁﬁroach.stéady'values:ét formate concentra-
tions in the range Q.l o Oqé5 M. The limiting ammonia yields extrapolated to
zero formate concentration correspondiﬁo G(NHﬁ) = é,5 for-glanine énd~G(NH5) = 1.6
for glycine. The effectS'of 0.25 M sodium formate oﬁ fhe yields of fatty acids

and carbonyl products from alanine and glycine, 1M, pH 6.4 are summarized in

Table I. If there is any effect at all of added formate on G(propionic) and
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G(acetic) it is to increase the yieldé by a small amount. At thé same time we

find that the production of carbonyl products is almost completely queﬁched by

formate ion at 0.25 M. Table I also shows thaf éddition of increasing amounts

of chloroaceticvacid to the 1 M alaﬁine——0.25 M formate system leads to a sharp

decrease in the yield éf propionic acid; at 0.15 M chloroacetic acid, G(propionic)

is essentially.zero. | | |
Deamination yields inil M alanine ih the preseénce and in the absence of

formate scavenger,'b.25 M, are given in Fig. L as a function of pH over the ranée

PH 6.4 downrto PH Of5} Both curves show a maximum in G(Nﬂs) at pH ~é and 1t ‘is

also at this pH that the aiffefenbe between the G(NH5) values for the two conditions

is at a maximum; NQte‘also that the slépe of the G(NH?)‘— pH curve below pH-~2 is

greater in the absence of formate scavenger. That the effeét.df 0.25 M'formate

1s maximal over the entire”ﬁﬁ range studigd is shown By the data of Fig. 5,-;

G(NHB)vdecréases sharply with increasing formate at pH 0.3, pH 2.8 as well as at

pH 6.4 and in all éases approaches a éteady value at formate céncentration above

40.25 M. ;The.yield'df'pyruvic.acid plus acetaldeﬁyde 1s decreased to G < 0.1 by +

0.25 M formate over the whole pH-rénge studied. | |
Propionic acid‘producﬁion over the pH range 6.4 to 0.3 in lAM alaniné

and in 0.1 M alanine,soiutions is blottedbin Fig. 6. 'Noﬁe that the form of the

G(proﬁionic)-pH plot for.1 M alanine has eSsent?glly the same:form as the G(NHE) ~ PH

plot for 1 M alanine-—O.ESigﬂformate (Fig,.h). ‘ﬁydrogen and carbon diéxide.yields

for 1 M alanine ove; tﬁelcorresponding pH range are given‘in Fig. 7. The hydrogen

yield shows little dependence on hydrogen ion concentration at pH values > 2, |

The increase in G(Hg)'Withudecreasing,pH below ~2 is accompanied by a decrease

in both G(NH5) and G{propionic).
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Discussion -

5 ¢ - ' o . S S R y
We found) several years ago that the principal .actions of dionizing

rediation on the simpler amino acids such as glycine and alanine in neutral -

oxygen-free solution could be intérbreted both quantitaﬁively and qualitatively

in terms of a reaction scheme equivalent to that given by equations 8. to'16.

These reacbtions are written in terms of the non-ionic form of the amino acid for

purposes of simplicityL The_inferencevis that the net charge of the amino acid

may influence the relative ratio but not the form of the reaction.

Ol -+ NHQCHBOOH- Tkl

'H i+ NH,CHRCOOH

H+ NHECHRCOOH

' NH, + NH_CHRCOOH

CHRCOOH + NHQéRCOOH.
2 NHQéRCOOH |

2 CHRCOOE .

Hy0p + NHCRCOOH.

- Hy

CH

Hy, H0,, OH, H

O + NH,CRCOOH

H2 + NHQCRCOOH

NH, -+ CHRCOOH
- NH

> .
2 + CHRCOOH

NH; + NH,CRCOOH |

3

JRCOOH + NH=CRCOOH
dimer 1

NH,_CHRCOOH + NH=CRCOOH

dimer
dimer.

NE=CRCOOH + H_0 + OH

N
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AN |

H)0 + NH-CRCOOE ——5> INH, + RCOCOOH Can

—> NH5 4+ RCHO +C0, (172)

Since the H atom in irradiated aqueous‘solution,ié now Rnbwn to.be pfoduqed;
largely through ;econdary reaction of.e;q with avproton”dénor; our first

problem here is to identify in.solutions of the‘amino'acid'zwittérions the nature
of the reactions of e;q that are the stoicﬁiémgtric equivalenté of the H-atom
reactions givén in the abpve reactions scheme; 'In_the present study we assume

for the y-ray decomposition df;neutral water

: L : : - Lt
H,O ~ww>  H,, H0p, OH, H,«eaq, H (18)

= 0.7, Goy = 2.9, Gy = 055, Gyu _ 5 g

H 2 _ aq

the 100 eV yieldstll G, = 0.45,
o

G,
HQO )

1

- ‘group of the zwitterion reacts with e;q simply as a

>

proton donor to yield‘H,vthen,'addition of a second solute known to be an

Now, if the NH

effective scavenger of ‘H (and OH) radicals would be expected to lead to a
pronounced decrease in G(NHB) end G(RCHOCOOH) with increasing scavenger con-

centration. TFormate ion is useful in this regard since it reacts rapidly with

H and OH |
H + HC00™ —> Hzgcoo" o (29)
.'-‘OH ; HCOO™ ffﬁ_> -,H2O‘+ CQO- . | .(20)_
.(319 =2 X 108 M'f;l sec'i; Koo = 107 M-¥ Sec-l) and relafively slowiy with e;q

e” 4 HCOO ——> HCOZ (21)
aq 2
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<k21 < 105 M-l'sec ?lj;;Q 'We:fina éxpeéiﬁénfaily thaf 0525 M formate'.
guenches the fofﬁation»of ketbacid and'éidehyde-froﬁ‘both glycine and alanine in
neutral 1 M solutién,(Téble T) énd it is-clear‘that in the pfeéencé of adequate
formate scavenger theré'is:no égi.bxidétioﬁiof theée‘amino acids Qia reactibhé 9
and 10. At sufficiently high_condentrationsbof‘formate ioﬁ:we may‘assuﬁe.ﬂhat.J
both H and OH are preferentiaily femovéd thrdugh reaqtions.19 and 20 respectively.
and that'the Co0” radicals so formed are ineffective in initiaﬁing oxidative
deamination. The - production. of fatty acid and smmonia in the‘présénce of excéss;

formate (Table 1, Fig. 3) is then.assigned to reactions of eéé with the amino

acid zwitterion e.g.,

- A A o - e . . . s - . . ‘ .
o 4 NH COO Yy ——> NH_ CHRCOO o . 22)
G * WHLHRCOOT > Nty + CHROOC (22)
- _ . _P » . _ A . N . - - . N '.
€yq " NE5CHRCOD . —> .NH2’+ CH,RCO0 B (22a)

This assigmment is also substantiated by the observation that chloracetic acid at

a concentration of 0.1 M effectively blocks the‘prbduction of‘ﬁhe_fatty acid (Table I)j‘

organic chlorides are extremely reactive towards é;q

(k25 ~ lOlO M—l sec-l) ..12, 15

through reaction 22, 22a is given by G(NHB)N; GG(CHBCOOH) ~ 1.6 as indicated by

In 1 M solutions of the'giycine zwitterion, ﬁhe'yield for removal of e

,thé data of Fig. 3 and Table I. We suggest in the case of the glycine zwitterion

that reaction 22, 22a occurs in parallel with the conversion reaction
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- e '_ . . v' - ‘
€ NH5 CHLCOO ——> H + NHQCHQCOO ‘ (22v)

and that the yield of reaction 22b in neutral 1 M glycine is given by Ge, -—1.6 ~1.2.
' : . aq
Reaction 22b does not lead to glycine deamination in the presencé of formate by

virtue of reaction 19, but, inAthe absence of formate the combined yield of H g

atoms available for reactioh 10 becomes GH +1.2 ~ 1.7 to give G<H2) ~ GH2 + i;7 ~ 2.2,
which is close tQ the experimentally observed hydrogen yield from'neutral_i M glycine
under V—rays.lu If now we substitute reaétions 22 and 22a in ﬁhe ériginal reaction
scheme we retain the good agreement between calculated.and observed yields repofted
earlier. h’5u | - | , | l-" '
In the radiolysis of 1M élanine, pﬁ.6.h, thé ammonia yield levels off at
G(NH5) ~ 2.5 with increasing formate concentration (Fig. 3) end as with glycine the
carbonyl yield goes,tb»zerovﬁhile the fatty acid yield rémaihs constant (iab%e I).

We conclude that the alanine zwitterion reaéts with e;q almost exclusively via

reactions 22, 22a which are followed in the presence of formate by

NH, + HCOOH —> ' N, + COOH - (eh)
, 01{5(:}10001{ 4+ COOH > CH,=CHCOOH + HCOOH - . (25)
> CHBCH(COOH)e o (252.)

R
v

The yield of reaction 22a is given by G(CH5CHECOOH) o~ 1.0. Reactions 22 and 25
account for the production of acrylic acid and, since. the yield of higher molecular
weight acids (reaction 25a) is negligible, the yield of acrylic acid should approxi-

mate Ge- —1.0 ~ 1.8. That the observed yield is only a fraction of this is not
aq’ [ . '
surprising in view of the efficiency of the radical-induced chain polymerization

. 25

of vinyl compounds in dilute agueous solution. Substitution of reactions 22, 22a

for the H—atom_reactidns 11, 1la leads to an almost exact correspondence between

<
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calculated and observed yiéldévforvmajof prbdu@ts;fOrmedlin neutralvl M alanine
(Table II). In these}calculations:WQ make thé"aséumption(that the radical b
.CH5CHCOOH reacts preferentially-as'a reduciﬁg_species in that féaction-li in the

'_case of alanine is taken' to be of the'form

< lr .

CHBéiICOOH + NH éé(CH5)COOH‘-_f—ff—> CH,=CHCOOH + NHECH(CH5)COOH.('26) )

The removal of e;q by the zwitterion forms of'giycihe~andvalanihe which -
as we have shownvhére gives rise tb the'chemiétry of eqﬁations 22, 22a are relative-

12

1y slow'processes.' Hart  hés folldwed spectrdphotometrically thevdiSappearance of .

e;q in neutral solutions of glycine and alanine_and‘finds'that both theéevsolutes

T w1

M _sécfl; and, Maxwelll6'

7 M‘-l sec T

react with egq with a bimolecular rate ¢onstant of ~ 7'X 10

finds from competition studies with NO " ion, a rate constant of &_2 x 10

3

for the reaction of e;q with glycine in neutral solution. Since these rates are

-3 . - . + 10 -1 -1 .
only 10 that for the reaction of eaq with HBO (k=2x10 M sec ,) and since,

for example, in the case of alanine

NHCH(CHE;)C00” FETET— NH, "Cr(CH; JOOOH . K = 2.2 x 10

" it follows that thezpfobability of capture'OT e;é by the alanine_zwitteribn
decreases rapidly with decreasingva,. However, éihce formate.éffectively'quenches
the oxidative desmination-of.alaninegbver'the entire pH range & T to oO.B»it is ' v
apparent that thé e;q also reacts with the ‘cation and more rapidlyvthan with the'
zwitterion. By analogy with reactions 22, 228 we write.

\
+1 A A -
CH(GHg)CpO;vn

Q-->NH '+ CH,CHCOOH - (27)
5 : 3 3

e;q + NH .
‘ —--> NH, + CHBCHQCO_OH S (27a)
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with the understanding thatjthe relative.yields,of the branching.reections 22, 22a
and 27, 27a are not necesserily in the same ratic. .The magnitude of G(NHE)!from
1 M alanine—0.25 M formate at the lower pH values (Fig L) shows that the .. :.uf

reactivities of NH5 CH(CH )COOHtand of H5O toward e_ aq are within the same order

' of magnitude. 1T And, although the present study was not designed to give quanti-

tative rate data, we estimate Very roughly from the initiel slope of'the pH-yield
curve for propionic acid production in L 0.1 M alanine (Fig.‘6)that ké?/ku ~ 0.2,
Maxwell 16 also has recently'found that glycine in the'cation form is ~102 times
more reactive than the zwitterion toward e;

We also note in regafd tolthe capture of e;q by the.alenine cation that
the addition of increasing gmounts of formate scaVerger to 1 M alanine at pH ~2
~ 5. utoG(

decreases the ammonia yield from G(NH ~ 3.5 (Fig. 45) which

5) 5)
value is significantly'greater than that anticipated from reaction 27, 27a on the
basis of G . = 2.8, And, in the absence of formate the yields of all products-

aq
from 1 M alanine at pH 2 to 3 are greater 9

‘than we can account for in terms of
the accepted yields for the decomposition of neutral water Viarreactiongl8 Now,
'Platzman18 has pointed out that subexcitation electrons, i.e., secondary eiectrons
with kinetic energies beiow that correepondiné to the lowest excitation potential
of water, can be effective in the‘direct'excitation of solute species in the
decimolar concentration range. Ana, it is.not nnreasonable to_suggeetgthat the
chemical effectiveness of such excitation of the &aamino acids might_debend on
the ionic form of the solute. However,'we know from other studies that_the direct

“excitation of‘alanine'and other amino acids by ionizing radietion9’;9 and also by

ultraviolet light?o leads to modes of decomp051tionbthat yield carbon dioxide as

a major decomposition product. Since we find that G(CO ) for 1 M alanine is

essentially constant from pH 6.4 down to pH 0.3 (Fig. 7) our conclusion is that .

the enhanced yield for alanine decompOSition in acid solution is not the result of

subexcitation-electron effects. We note, however,‘that there is accumulating
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evidence™  that as the -pH Of a SOlutionAiS'feduced_bélqw_} to b the yield for water

S o : o1
decomposition actually increases presumably as a result of the stoichiometry 1P

" -*.-' N . . . N . . ll' ) v " :
5,0 +®5 . — B +om ©(28)

‘where HEO* represenﬁs:eithe:-ah_eicited‘watef_molecule o; éh iéolatedlfadicai o
pair (H, OH) which sﬁecies-fevéft ﬁg'water étlpH ?”ﬁ by fifsfvorder kiﬁétics..I.
It is cléar, howevgr, tha£ scavengingfof'HQO%'by Hf'to yéeld édditioﬁal H and OH':
cannot be responsible for the enhdhceﬁent wifh decréasingva.of prbduct yieldsj

from 1 M alanine containiné eicess formate'sca?enéér. On fhe other hand, the

.present experimental requirgments appear to be wholly satisfied by a reauctive

deamination of the amino acid cation Ey HEO*"viavthe stolchiometry . ’ *:

. - 4 . : o
* + e . : v
H,O #VH, CHRCOOH: — M, * RCHCOOH + OH o (29)
' C—_— NH5 + RCH,COOH + OH (29a)
where GH O¥ g 0.8 and where thé‘radical pfoducts of reactions 29, 29a are sub-

sequently removed through steps'Q,.lQ’ 26.

As the pH is decreased below ~2 the.hydrogen‘yield beginsbtb increase as
A >

' ' ' ' T » L
a consequence of the competition of H;O for reducing species according to reactions -~

3

"4 and 28. The presknt data do not provide a basis for estimating the relative
. 4 , S
importance of reactions hﬁan&x\in the production of the additional hydrogen.

L’..
From the fadiatidn chemistry reported here thus far one might assume

that reduction cleaVage of the N-C bond represents a chéracteristic radiation

chemical property of amines gene}ally.  However Riészgeifinds no evidence forv

such reaction in the radiolysis of oxygen-free solutions of the methyl ammonium

ion nor do we find any important contribution of reductive deamination in our
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preliminary studies of the effects of H and OH séavengers on the radiation chemistry
of B-alanine. The O-amino acids appear to represent a speéial case and we can only
speculate_at the present time on the role of Q-substitution in the reductive
cleavagg of the_N—C'bond by e;q. One possibility of course ié that e;q interaéts
with the mr-electrons: of the C:O_grouﬁ and that dissdciation bf the N-C bond at the
O position occurs on reayrangemeﬁt of the intermediate complex. It would appear
that further coﬁsideration 6f these reactions must await additioﬁal information on

the radiation chemistry of the variously substitutéd amines.
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Table I

- Effect of scavengers on the ylelds of organlc products from solutlons of alanlne
~and glycine at pH 6.k, :

. | G ,
'[formatej fatty acid kéﬁo acid - aldehyde
l.OM alanine  none | ._l.bVF- o 1.5 B X Q#if :
1.0M alanine . O.?5 o 1.i .___»ué;l . v ‘,lé.lv }.T
i.OM glyéine . : none .' : 1.7‘ 2.3 S 0.6
1.0M glycine © 0.25 1.8 | <i <1
[chloroacetate]'.
1.0M alanine none’ ol . 1.5 - 0.5
-+ L5 . s ‘-   - o
 0.25M fommate | - .15 '  .<,1 . <1 o -

L
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Table TII

Observed and calculated yields of products from 1{Mralanine,fmﬂ.6mu-

G
Product | : 3 Observed Calculated™
Ammonia . ' ‘ a L.3 | ,v L.8
Propionic acid - - 1.0 | l.dé
~ Pyruvic acid o . _1.65 X 1.k
Acetaldehyde ) o 0.5 "~ 0.60
Carbon dioxide - _' 060 | o.6c_>b
Hydrogen S i'.25‘ , 1.0

a. Based on the accepted yields for water decomposition (ref:1l)
and the reactiqn scheme formulated: in.the present work

b. The cbserved yields of propionic acid and carbon dioxide give ...
the branching ratios for reactions 22, 22a and 17, 1l7a g
respectively. ‘ :
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' Figﬁre'Captioné
Figure 1. Ylelds of ammonis (O), pyruv1c ac1d (AQ, and acetaldehyde () as a
function of alanine concentratlon of pH . : . .

Figure 2. Yield of ammonia as a functlon of alanlne concentratlon at pH 0. 5(@),
pH28(),pq6u(o) ‘ : :

Flgure 3. . Yield of ammonia from 1.0 My alanlne (O) and l 0 M glyc1ne @) as a v
Junction of sodium formate concentratlon at pH 6.k, B

Figure 4. Yield of ammonia from 1 M alanine (O) and 1 oM alanlne-o 25 M
formate (®) as a function of pH.

Figure 5. Yield of ammonia from 1 M alanine as & function of sodium formste
concentration, pH 0.3 @%), pH 2 (@, pH 3.k @), pH 6.4 (0). .

Figure 6. Yield of proplonlc acid as a function of - ‘pH in l OM alanlne (D)
and 0.1 M alanine @3) :

Figure 7. Yields of hydrogen () and carbon dioxide @) from 1M alanine as
a function of pH. ' :
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with the Commission, or his employment with such contractor.








