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_ G Abstract E
A study has been made of the effects of cupric ion on the radiation
chemistry of oxygen—free glycine solutions over the pH range 3 [0] to 9 0. At
pH < 6 the hydrated electron e q’ derlved from water, 15 removed by Cue throdgh o
31mple capture; the ‘hydroxyl radical is scavenged by glyc1ne to give the o -
S
NHchCOQH radical. The overall reactlon'stoichiometry is given by: f
20u™® + NHCH.COH + H.0 —»20a* + Wi, + CHOCO.H + 2.« | VA
4 272"V p” et 3 7 e N L
At pH > 6 an additional reaction occurs-with the stoichiometry:-' ,f | f, ”
NHQCHECOQH + HQQ_~*NH3 +£CH3OH + 002. ;;
The latter process is aseociated with'captureuof ea by the bis-glycinato~CUCII) f.
chelate. - A detai&ed reaction scheme for the formation of the bbserved productsAi -
over'the pH range 3.0 to 9.0 is described. . o
‘i |
—/ /ﬁ‘/
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Introductlon
0 . The:hydreted'electron,‘eaq; is.the. principal reducing species in the .
‘ ' ) . ’3 s :‘. E ': ".. ".i e v ' ; -

" radistion decomposition of waterS

F)

and has been shownin react with both neutral and acid forms of the simpler amino-'f
acids v1a the deamination stepsh -

ey a0, sy b0, @)

' ‘ . ' R . . + o N R . .. .‘ . ‘ v ‘
L4 ) A . . . - . - o
| eaq + NHivCHQCOQH jaNH3 cuecozs_i S . (3)
where the_fsfe ccnstants fcr'reaction cf,e;q_with the zw1tterion and a01d forms

of glycine via reactions (2) and (3) are < 107 M lsec- h’5 lOlO-M—lsecfl,uf'

‘respectively, Cepture of e;q'by'the acid form:.of the_aminc aC}d_occurs in com—L’; |

petition with the conversion reaction: - S IR : o %

2 where kh &2 x 1010 Mhlsecfl£6

Now, the effects of transition metal ions on the reactions of eédwihkl*ja'

il N %
"

. " aqueous solutlons of the amino aclds are of particular interest because such. ions X
1 e

5 - are effectively'chelated by the aminO'acid according.to‘ﬁhe pH dependent equilibria;

v o 12 e | n, RN
e S CuT o+ Mg cH2092 | [Cu(NH CH,, co )] - 357f CIiA”,;i‘“

+ R ',_'-tj_ SRR
co, )]ll + NH CHQCOQ-‘;ztcu(NHQCHQCOQ )2]‘+,H% "émiﬁyé“ﬁ5iﬁ

2 2



e umnnres
with KI = 108'5,‘KII=v107.at 2090;73;And, since the free'Cug'_ion-has been shown ~ . - "
to react rapidly with e;q . |

s S - SR B . S
gt o - :’f"‘:?aﬂ'f o 1_’Cunf S e .‘;;ﬂ5)-u Co
| T TP  CR

with k5 =3 X 1010 M-lsecvl 8

gquestion of whether the glycine-Cu(II) chelates react w1th e

there arisee the interesting chemical and biologlcal

aq * by analogous
simple capture

- -yt b ey
Caa +;[Cu(NH2 co,, )2] + H20 —9[Cu(NH 002 )1\\'+ NH3 CHECQ2 + OH,' 6) -

or by a path that leads to chemical degradatlon of the ligand by reactlon akin to,
step (5), i.e.,

. . . S . . . .

e +[Cu(NE,CH,00,7) ] + H,0 g)'LCu(NHE) (m2m2m2 )] + éﬂécee" +0HT(T)

Cd

where egs. 6 and 7 represent 6verall stoichlometries,-'i ?jfdﬁdg' _'”“:'

This study provides substantiatlng ev1dence for the reductive deamination

of amino acids by eaq and affirms that e

" react& with bls-glycinato Cu(II) with,
chemical degradation of.the ligand. R '
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Experimental v

Materigls;:' Commercially available glycine (Nutritional Biochem. Corp ) recrys~f

Y
tallized three times from water, was ‘used throughout. The 1 C -~ (carboxyl

carbon) Tabelled glycine was purified chromatographically on a. Dowex 50. cation-.i;i[;f,
"exchange column (hydrogen form), HCl of progressively increasing concentration f:i/'fﬁd
(0 to 4 N) serving as the eluting solvent.9 The hydrochloride salt was then T

' passed through an anion exchange column (Dowex 1, acetate form) to remove chloride gld:ﬁv
ion, acetic acid was removed by distillation, and the glycine was then recrystal-lfff;féj'
lized‘from water. Reagent-grade copper sulphate-pentahydrate was used directly
as'the'source'of cupric ion. Similarly reagent-grade sodium formate was employed
without further purification in the competition experiments.. pH adjustments
were performed~with dilute HQSOM and NaOH solutions. Bis-glycinato-Cu(II) wasby

" prepared by the‘method of Sen, et al.lo

: alyses. Ammonia was determined by the. absorption at th mu on the addition }f:jz‘hsgj'
of Nessler: reagent to the 0. 08 N H,80) solution from a Conway cell. The other f?é"‘;lgi;7

compartment of the Conway'cell contained saturated K (0] solution to-which an

3

'aliquot of the target was added. The allowed time for diffusion was twelve hours.;:ﬁ-

~ Tk

Glyoxylic acid and formaldehyde were 1dent1fied by paper chromatography

of their 2:4 dinotrophenylhydrazone derivatives against authentic-materlal with }ffff«

" butanol/asmmonia and methanol/heptane respectively as the ascending solvents. Theirﬂﬁf

amounts were determined by the method of Johnson and Scholes11 with the modifi-~

cation that the target solution was first passed through a Dowex 50 column‘to
remove copper and glycine. Glyoxylic acid was determined with 10 =5 M DNPH reagentf

.(little formaldehyde reacting at this concentration) and the absorption of the f""

alkaline solution measured at h50 my,. Formaldehyde was determined by the extrac?

tion techniquel‘l and the absorption of the DNPH derivative in alkaline solution o

medsured over & range of wavelengths between 420 and 480 mu.

|
[
[ »,‘ .
b
4




“_'§f rate was determined with’ the Fricke dosimeter (10 -3 M Fe(II), o. 8 NH SOM) using

"7 the values G(Fe(ITI)) = 15. 6 ¢ and €

o };’ Pyrex cells.' Analyses were commenced immediately after: irradiation. Control .

'77Q experiments on unirradiated targets established that no NH3 was formed in the

Ceeks T yoRL-11T28

Where necessary, spectrophotometric calibrationicurvesiallowed for the ..

© time-dependent decay of the absorbing species.vi"

Acetic and succinic acids were assessed by chrOmatographing the luC-labelledfj;ﬁj'

target effluent (containing inactive carrier acids) of a Dowexy50 column, on

silicic acid.12 Chloformvcontaining'increasing amounts of butanol-uas the;elut; p y

ing solvent,'andbthe positions'of the.acetic and succinic acid peaks were located o ft'l

by titration with 0.02 NaOH The activity was then- determined on a Nuclear |

Chicago counter and scaler (utilizing Matheson "Q" gas - 98% helium, 2% butane) bé;;'
- In a probe for nitrogen containing products basic enough to be retained i

on a Dowex 50 column from a target through-put the technique described for purify-

iu ing the--labelled glycine wasrutilized.

Gas analyses were made by adjustlng the pH to & 1 with H soh, removing ff:

. -the material volatile at -79 C and analyZing thé contents 1in a mass spectrometer, .;F::*'

- after a total pressure measurement. . o ‘:“iv
All targets were degassed on a vacuum line with a rotary oil pump and a .o oot

series of three liquid nitrogen‘tr’aps° The amount of residual O2 in such a sample "lfa?l”

-5

was shown to be < 0.2 micromoles 1oe.,.< 2 x 1077 M.

‘Stock ‘solutions of glycine, copper:sulphate4and sodium formate were Stan?.jj

- dardized gravimetrically. The concentration of cupric ion waS‘further checked . -

A

'f_by the absorption at 750 mp (§Cu2 + ~10),

Radiation Source. All irradiations were carried out with the 200 C 600057 faci~af;

£

lity (dose rate 5.9 5.3 X lO16 eV ce min ), at room temperature. The dose-

)

- Target solutions were lO milliliters in volume and were 1rradiated in -

. N ’ K . : i
' e . . . . ;
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absence of irradiation and that the CO level was less than O 05 micromoles (l%

of co, found in experiments) fb 'j{_f ;”ﬁigfﬂ7_.j'f“'fif L ;v,f »‘};vkléfi,':

Over the pH range 3~6 the ammonia yields from O 5 M glycine decrease with '

: increas1ng concentratlons of divalent copper and approach a- limiting steady value ;f
-*fof G =2,2 at cu(II) concentrations above ~0, 05 M._.(See Fig. 1, ) The effect of -
:LCu(ll; becomes less pronounced as the pH is increased above 7 and at pH 8 5, : i B
G(NH ) is essentially unaffected by Cu(II) (At pH 8.5 a small increase in
1 G(NH ) is observed for [cu(II)] > 0. 02 M. ) Ammonia yields from 0.3 M glycine in .
the presence.and absence of copper over the pH range'~3 to ~9 are summarlzed in f "

'b Fig. 2. 7 - | -
: In the pH range below 6 the principal. organic products are glyoxylic acid
and formaldehyde with G(NH ) = G(CHOCO H) + G(CHL0) and G(CH o) o G(CO ). (See f°*i5”77¥‘
' ;Table I. ) The yleld of each of these carbonyl compounds remains essentially con—fu,xp
' stant'with increasing pH, but G(CO ) increases from 0.5 at pH 3 2 to a value of"

3.7 at pH-8 5. For alkaline solutions there is the approximatlon G(NH )

G (CHOCO H) + G(CH 0) + G'(CO ) where G' (co ) G(CO ) - G(CH o) Acetic and

succinic acids are minor products over the entire pH range studied. -
Also, as shown in Table I, product yields from O 02 M (saturated) solu'
tion of the preformed chelate, bis-glycinato-Cu(II), ‘are nearly identical with;ﬁ
those obtafﬁed with 0. 03 M Cu(II) in 0.3 M glycine, at pH 8. However, solutions
of preformed copper glycinate behave somewhat differently under radiolysis in A
.vthat reductlon of’ Cu(II) results in precipitation of - Cu20. Precipitation is not

‘i observed if excess glyecine is present.




i but an effective scavenger of OH radicals15 results in a decrease in G(NH ) both

. at pH 8 6 it levels off at the higher value G(NH ) = 3 5 The carbonyl yield is

l;.also lower in the presence of formate and the residual yield appears to be pH

- pH values above ~3 is consistent with a. reaction schemeh in which ead is captured S

"is that the net charge of the amino acid influences the relative rates but not

‘:lgi ;}2mThe;suhsequentfreactions:inciude th'ffv~'

=y

The addltion of formate ion, which is relatively unreactive towards e é

in acid and alkaline solutions (Fig 5) At pH h 0 the ammonia yield falls to ﬁ?

a limiting value of G(NH ) = 0. 8 with 1ncreasing formate concentration, whereas i

independent with G(CHOCO H) + G(CH o) o 6 * o 2 = 0. 8

Discussion oL ”“; A
N s
7

The radiation chemistry of the simpler amino acids in aqueous solution at

by. the amino acid via reactions (2), (3) and OH and H are removed in steps (8)3' ‘;

(9) glven “below in terms of the neutral molecules for simpllcity ' TheAinferencef“

the form of thesenreactions

. . R . ' R .7""'.1.':‘%‘.‘-',"1('. T :
S oH NHQCHQCOQH“ff§2°“+JNH2CHCbéH,“:j'? o

CH NG00 v Hy + W0
(R T S

. BHRGHA0RH — THCHOOt + Ny Ry 00,

S
B

GH,00H + N, CHCOH — CH,COH + NHCHOOH

: o F-ate- - R~ SO M- S
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. H,0 ¥ NHCHCOH — NH, i+ CHOCOH :

,In addition there is some radical combination to give diaminosuccinic, amino-s'is'

¢

bsuccinic and succinic acids dn- relatively low yield. Reactions of both OH and

bk

';e;q with glycine zw1tter10n have been shown’ to. be relatively slow "and this g_f oy

is reflected in. the rapid fall-off of product yields in neutral glycine solutions

: w1th decrea51ng glyc1ne concentrations below ~O U M. The saddle at pH 6 to 7
in the pH-yield curve of ammonia from 0.3 M glyc1ne (Fig 2) is attributed to the
: .relative 1neffect1veness of the” zw1tterion as compared with the ‘acid and basic

.forms of glycine in scavenging oxidizing and reducing species from w1th1n the.

spur. The drop in G(NH ) with decreasing pH below ~3% results from the competition y?

of H5O with N CHECOEH for eaq via reactions (1) and (3) reSPectively, The 'fff’

effect‘ofhpﬁbon;the yields of other major productsuincluding hydrogen, glyoxylic‘p;
5 :

acid and acetic acid are in accord with this formulation
_ Now, the presence of > o. 02 M Cu(II) leads to a con31derable simplifica-:

tion in the radiation chemistry of -agueous. glycine below pH 6 _ Under these con-r, .

ditions cupric ion is present either as Cu 2 or [Cu(NH 2002 )] l 7 with the ;-*'

: appropriate number of water molecules of hydrationn The stoichionetry of radia
tion-chemical change is given by ' . ﬁ'i} y ':; R
. | S A o .

Lt -
T l,,. 3 '

. ,‘.

o

20u(11) + NH,CH 0021{ + H20 ——>20u(I) + 2H + CHOCO H(CH o + co ) + NH (13)

. P
' B
|

bfi'with,G(NH3),z G(RCHO)'~ 2.2. A consistent explanation is that the reducing species
S , _ G
“iin the-form of eaq or H is preferentially scavenged by Cu 2 or [Cu(NH CH CO )] l=

‘}to give cuprous ion without net chemical effect on glycine.a Glycine degradation




S .cu(]:]:),?-*‘-‘ NHQCHGQQH‘.-T" Cu(:I)""!']NHCHCOQH'* H o *(lh)

and by'reaction;(lé);or'(lEa).along with sonefcontribution‘fron the'backjreaction'p

7 Ca(T) + KL, - Cu(II) + OH + OH R 6 L)

[
RS- g

We anticipated that G(NH ) would drop to zero with the addition of formate ionf o

in 1ncrea31ng concentration because of the competing reaction
. _ N
. \|\‘

'OH_f.HCOQ —>H20.f 002

' The fact that G(NH ) ‘and G(RCHO) level off at G =~ 0,8 at formate concentrations 'H;”

¥

above O,l.M‘suggests a) that the Cu L in reaction (15) is present in the chelate

form-[Cu(NH' 2 )] and as & result the OH radical is liberated in close prox1- f

mity to a glycine molecule and is not then available for scavenging by moderate

%

concentrations of formate in the_bulk. Or b) that a relatively long-lived excited '

l5yis formed with G ?_O.B,andvreacts preferentially with-glycine—fr'

water molecule

¢
&

for example‘

R Hgo*‘f_t,Qu(NH CH, co )]+l o't w NH3 ] CHoco H +H (17)

Coet
.

We note also that the difference ‘in. G(NH ) in the absence and in the presence of

;. formate (i e., 2 5~ 0 8 = l 5) should correspond to a mlnimum of at least Go ,?ii‘



G

pH 8 also give G(NHB) 5 0 (and maximal yields of the other products) even though

 OH reacts not onlyfat;the'a-carbon;ﬁosition}asiindicated?infeqi_’8_'but also at

‘ possibility, of course, is that ‘the - uncharged bis-glycinato-Cu(II) chelate is

- relatively unreactive tovards eaq compared with Cu - and [Cu(NH 2002 )]

- the accepted'valuevforfthevyield;of;OH‘redicals4With yf“aysglﬁg We suggest that.QJ'f'

the carboxyl-groupﬁ'

 OH + NH,CH,COH —NH,CH,CO,+H0 -~ . (18) .

-~ e~ b~ ha~ R~ M

Unlike NH cnco H, the NH,CH..CO,. species is fot oxidized by Cu(II) but instead is .

2 e ere

reduced via the back reaction

cu(r) + NH,,CH,,CO,, ffCu(II) + NH,CH,CO, . R -(19)_:
T A;l‘ : ’ '
In the.absence of.Cu(in, thevproduction of'NHQCHECogiis obscnredbby;ng*§:§‘>'

Tt T Ay

- o L
NH,CH,CO, + NH,CH,COLH —» NH,CH,CO H + NH,CHCO H\\_{%(eo)"_,

C ’ ' ' C . : Y
I . . . . o o .

As the pH.of the glycine-Cu(II) system is increased above pH.6,_the‘con;;=J“7-'yii

centration'of the bis-glycinato-Cu(II) chelate increaSes sharply7

essentially all of the Cu'® is so bound. ‘e carbonyl yield, G(CHOCG H) + a(cE0), s
remains essentially constant with 1ncrea51ng alkalinity 1ndicating that ox1dation {yyﬂ}”r

by OH via the steps (8). and. (lh) retains ‘the stoichiometry given by eq. 13 'th,ijt??
| abrupt increase in G(NH3) and G(C02) over the pH range-6-to 9 1s associated with-rif

the onset of a competing reaction ofﬂe;q that leads to glycine deamination. Onei"f;

that reaction of e-q with the zw1tterion becomes the dominant process at high pH

values: We note, however, that solutions of preformed bis-glycinato-Cu(II) at

S -9- ol UcRL-11728 <

e T

and atﬁpH‘8 fifT“‘ﬁ

7 e o g e

SR Rap—
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q

’ G(NH ) from ~5 O to a limiting value of about 3.3 (see Fig.' 3) Assuming reaction

s the carboxyl group does occur on complex formation

- is essentially electrostatic whereas the Cu--N bond is covalent.lo It is reason—

~and that the hydrolysis

A.f:f°1l°ws; to- give the stoichiometry of eq.ﬁfjpkfl*

':”require CH..CO..~ to be removed by the equivalent of ;fff; :

clude therefore that bis-glycinato-Cu(II) scavenges e é and propose reaction (7)
as satisfying the overall experimental requirements.

The addition of formate to the. glycine-Cu(II) system at. pH 8 6 reduces }_}_’

f(15) or (16), (17) contributes G(NH ) = G(RCHO) =~ 0.8, ve then have G o = _3.3w-;_ g
.aq P
50.8 = 2.5 1in satisfactory agreement with current findings 16 o

. Although some perturbation of the carbon-oxygen stretching frequencies in e
17

the spectroscopic evidence

suggests that the bonding between copper and the carboxyl group in copper glycinate

able then to infer that the energy released on capture of eaé by

[ Cu(mH,CH,C0, 7}, ] is available to rupture the N-C bond

]

e+ fCu(NH CH,CO,, ) ] -—)[Cu(NH )(NH CH,,CO, )j ,+'E;f_12"co'2"132;_ﬂ S

aq
¢

e

Héo + [c.u(NI%IQ-)»_(N.H2 00 )] S [Cu(NH )(NH20H2002

thevCuffree system. However in the present of Cu(II) the product stoichiometries

2
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; S ‘\CH2C02' + Cu(II-)v;-i--:I_;zOv'a_‘Cu(I) J;.’?F%OH _+ 0o, . ‘vl‘(gv})} o

vt

"Reaction (23) 1is analogous to the recently‘feﬁoftéd_QXidatibh bf méthylzradicalé?y?-},
(from t-butyl,hydroperoxides)-tq-methanol”by”Cupric f{on in aqueous solutibh;;BAfﬁ R

- - o A'r K_Vx/v.
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A. Makes any warranty or representation, expressed or

implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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