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2.
I INTRODUCTION

Barris (1) hes suggested a method for the determinstion of
oystine in serum and egg albumin through the preparntion ‘uﬂ ro
duction to cysteine of the double mercuric sulfete salt of gystine.
His methed involves 2 reduction of the mercuric sulfote derivetive
of gystine with hydrogen sulfide tiﬁn & finel reoxidetion of the
#utaina thus formed to gystine., I, hns found thet mersuric sulfste
completely rencves t;‘y:ei’t‘ma in 5 ~ 7% sulfuric soid solution bdut that
loss ocsurs in the regovery of oystine from ihe mercwry precipitate.
Investigators in the Crmbridge Leboretory cleim thet a very pure form
of eysteine is cbiained by this method, shils Andrews'™’ found timt
the eysteine prepared by this method has an [t]a'nlm of - 20° o
~ 80% #s compared with that of pure sleetrolyticelly reduced cysteine
of + 9:7"..‘. m has found that when hydrogen sulfide is pesaed into e
suspension of the H@{i salt of eystine the result is & prrtiel

-

reduction to cysteine and HgS sceording to the resctions:



2H .5 rmsz: —2mE- S
Hg - § — Mg

However, attempts to find in the mmym the free sulfur
exposted from this resction heve foiled,

it would seem neceassry thst the composition of this intermedinte
HgiQy derivstive of avstine be sscerteined boforo mny oxpisnetion for
the shove dmropnmﬁ-t'a gon be given.

Tne folloving asoount desoribes sn sttompt to deternine the
Mﬁm of the morcuris sulfete derivetive of cystine, snd to

investignte some of its properties
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Preperation of the Compound

The semples for snalysis were prepsred by dissolving 10 grs. of
 eystine in £500 se. of OF HpS04. In =n ettempt to deteraine the
gquantitstive relstlons of HgSly to m gy%ﬁne molecule, snd sssuming
ene Hghly molseule to be aitached o eseh amine growp in tix# ".jouble
merourie sulfete s51%" of oystine, the stolchiometrical quentily of
HgbU, reagent (LO% HgSUy in 6% Hips04) wns nddeds # flopulent white
precipitete immedistely apposred. Do such preperetions were mede
and in both onses, upon stending, the upper lsyers turned grey (See
inter disoussion). One preparntion wea nlilowed to stend nt room
tempersture while the nmd preperation wes pleced in the eold reom
st 09C for four days, but no chenge was spparent in the gray gompound
at the end iaf#mt time. An smount of NgSOg,resgent equal to the

quentity previously used, wes sdded to both preperstio thus doubling
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the stoichiometricsl retio. Nore of the white compound precipiteted.
After the eddition of the excess HgSOy and wpon standing the grey
compound apparently disappeered.
Hoth preparations were cerefully washed, The deteils of the

. weshing are given below ss this process evidently hes sn importent
beering upon the resulis obtained. The weshing wes difficult due

to the feot that the 'mumﬁi wes cohesive and pecived down tightly

on the filterm. Therefore to fecilitete metiers, the precipitete
was trenaferred from the filter to s lerge besker end there enrefully
weshed with distilled =eter. The suspension wes then filtered in
—m‘ho portions, ecch portion being egsin weashed when on the
filter. %hen the entire suspension hsd been so trested, the preeipi-
tate wes agsin transferred to & besker snd the process wss repented,
This methed of wmiug was eontinued until the test for sulfate was
almost negative. The weshings no longer geve & positive test for

it .
Hg wafter 2.5 liters of distilled water hed been used, Ssmple I
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was washed with 61 liters of water; semple II with 68 liters. In
both geses the finel weshings eonteined sulfete end weore almost,
though not entirely, neutral to litmus. After the first fifteen
or twenty liters of washing the smount of S04 present in the filtrate
wes werkodly decressed, but sfter thet it did not decresse to =ny
merked degree,

The semples were difficult te dry, calcium chloride snd sulfurie
seid proving ineffective. 2 wveouum dessiostor eontsining phosphorous
pentoxide w3 resorted to snd wes kept st 37%. In sbout = week the

weight was nesrly constant. Due to the hygroscopicity of the compound
it wes diffioult to obtain » constent weight. (See below). Semple II
wns first pleced in the werm room snd seversl weeks later in =

The use of higher temperatures for drying was precluded by the

instdility of the compound., #t tempersiures of 250° to mﬁﬁ

the white compound blsckens instantly with formetion of metellic
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mersury. This desosposition is slso initisted st » tempersture of
120° ¢ and oven below,

Hethods of Amelysis

Hitrogen
Total nitrogen was determined by the Kjeldahl method, ten
percent sodimm sulfide being used .taa preeipitete the mercury ss
Hgt sfter digestion was gomplete. Blenks were rum on nll resgents
Heroury
An attempt wes made to determine the porcentage wercury present
by filtering through s Goosh erucible, the Hgs precipitate obtnined
. from the mmaamm The method wes unsuoccessful heesuse
of diffioulties in filtering. Some HgS wns sppsrently in solloidal
form, ms:i’ the whole procedure sppeared to be of doubtful mmhmw.
Therefore the fellowing procedure was sdopted: 4 0.6 gn mmsh

was oxidized with sta* and Eg504 »s in the nitrogen determination.
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M‘fnr digeation was complete, the solution wes cooled (on cooling
beautiful ms«:m iike wrystals of HgS0y sppeered) and diluted to
299 eo. It wes then hested to boiling end hydrogen sulfide pessed
in for three-fourths to one hour, while the solution was gently bolling
on & hot plate; nllowed to stend 48 hours end then filtered through &
Gooch snd washed free of 504, Very nm» free sulfur wes present snd
this wes extreoted with errbon disulfide. The Uooch sontaining the
HgS preeipitite was dried to constent weight st 110° ¢, *ne filtrate
wns tested for somplete precipitstion of mercury. In most csses it hed
been complete. In ons or two instenees = meximum of twe willigroms of
HgS wes obtsined from the filtrete.
Sulfur

The percentage snltur wag determined by the gravimetric mothod with
the preeipitation of berium sulfete. & Deb « 1o0 gn semple was tremted

with fuming nitrie scid snd svaporated to dryness on & water bath, Then

ooncentrsted HCh wes added end the solution sgein eveporated to dryness
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{sines nitrotes sre occluded by BeS04). The residue was tskem up with
water, éimm_ to 300 oo. and the solution peutralized with ssmonin,
methyl red being used es indicstor. Tne precipitste of g (0OH)p
which appenred dissolved on the eddition of 3 ec conc HCL. The solution
wes honted to boiling end exoess hot Ba Cly sdded drop by drop while the
solution was kept gently boiling on s hot plate. Jhe solution was
digested on = water bath for two hours, ellowed %o stand overnight,
filtered through s Joosh, washed free >a.f €1, ignited for helf sn hour
%o remove eny orgenic ratter snd dried to sonstent weight et 110°,
The filtrete whon tosted showed complote precipitation of the BaSOg.

The figures for percentege nitrogen, meroury end sulfur sre given

Analytien] Date
Table I
Sample I : % Het 8%

2.82 61,78 7T.88
2,82 61l.94 7.53
2.88 6181 .46
2,81 @8l1.90

2,88

2,88

2491

svorage 2.86% 61.86% 7.56%
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Smplel W mg e
$.04 Oedd 7.14
5.04 8085 7«18
E.08 60436 7«34
308 5030 722

Aversge  5.05% M 7.22%

#ention hes slready been made of the difficully in cbbeining
scourste weights of the sampies anvliyzed. 4his wes due to the
mmmmauuwm@mmzmwggmmm
of the ssmples. In order to determine the hygroscopicity of the
compound & smmple wes removed from the desstestor and plmced on &
=eighed wateh gissa. %gumwmn&xlmmmigm@rn
period of two woeks is given in m:.a I1. The semple wss nllowed to
remsin in the balsnoe case, It wes found that the gain in seight wes
=t firat so rapid thst no secursie weighing sould be mede for some
time. It will be noted thet the gaim or loss in wsight was influenced
to & lerge extent by the sondition of humidity. (On e rsiny day there

wes 8 o375 ain es compered with 01T gein on the day previous)
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Tempersture end pressure grestly aifect the rate of drying of the
compound. One preparstion whon kept st 3‘{‘ dried very much more
repidly then one pleced in en ordinsry eczleium chloride dessfostor st
room tempersture. £ sudden gein in weight wea noticed when ihe compound
in the vacuum dessicator conteining Fplg was removed to a room at 25°
from one at 7% A gain in woight was also notioced when sir wes

adadibed to the vecuum dessfesator in the werm room.
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Teble II
_Hygrossopicity of the Merourie Sulfate-Cystine Compound
Date Heizht of Semple %Oain or loss over
previous welghing
12/31/28 :
il.58 2,763 gna csnse
12,06 2.758 7
12,16 2,758 L1
12.26 2,760 <07
1,10 2,761 .04
2,10 2,762 .04
3.0 2.766 B &1
4.10 2,787 07
5.10 2,768 04
1/2/29
9.30 2.784 «58
4400 2,782 HO7 loss
1/3/28 ,
10.00 2,782 0.0
2 5.30 2,783 +38
8/29 2.785 07
1/9/28 2,7868 01
+ 1/10/29 2.7957 «37
1/11/2¢ 2.7954 «08 loss
+1/12/29 2.7880 +20 loss
1/14/29 2,7885 <02
1/15/29 2,7915 <13

¥.B. Pourth descimel plsce spproximete
t TReiny day
¥ {fleer - wars

¥eximum gein in weight = 1.66% on 1/20/29.
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Potentiometric Titration

To obtain & check on the anslytical results, which showed a une
%o three ratio of eystine to mercury {see beluw], several potentiometrie
titretions vere made. 0.5 gm 1 oystine were dissolved in BO ce. of
iﬁ%mﬁmmﬁmﬁmma&t&mu.maﬁm, from &
Purette. The velisge vas meesured by s'kﬁt K potentiometer using a
Standard Weston cell and calomel half-cell. Both bright end clatinised
platinum electrodes were used, but the moet sstisfactory results were
chlained with plstinum black. An ager-FOL bridge beiween the calomel
cell and the eystine solubtion was nececnitated by the fact that the
| presence of halides greatly ineressed the solubility of the mereuxy
ecompound and geve erratic curves, For exsmple when 26 ce. XCL solution
m added a marked slterstion in the titretion curve resulted. Further
sxeripents with bromide m jodide gove parslliel resulisy m mepeury-
eystine compound quickly dissolved lesving valy, in the cxse of the
1oaide, & slight precipitate of moreurie iodide.

&’twamafmquamnmémm {Pig. 1) with a
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definite woximm at ebout 7 ¢c. of 10% HgS0y reezent, with no
indication of any other maximus of ainimus, Ihis would seen to show
811 wetdo of gyrtine to mercuric sulfete (0.0 gm. cystine reacting
with 0.62 gm. HgbQg)s with no indicstion of such & compound with &
1 + S yetic as shown by snslysis, Thore ves ne evidence of awy
sdjustment in comrosition of the compound.

It would seem from these resulis that then is a possibilisy,
depending on the mm of preparstion, of the formation of more

than one compound of HgHGy with cystine.
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The filtrate obtained from the rresipitation of the HgSOy -
“aystine wac tested for the rresence of an ortiselly sctive subtance
to check Harris® statenent as to the completenmess of preciitation.
4 rotation of +.16° wes observed. The initial washing gave a
rotation of +.13% ‘hese deztro-rotatévy resulis are simliler to
those chiained by Andrews {unpublished results) who vhserved rotations
of +.11% #.080 +,17af + 407 in such solutfons. The W
rresent in thie active schstence mwet come from the cystine end

Ahere fore
precipitation u,\m m#ntivﬁig complete. This constitutes sll
the information we heve at present on this subject which needs

further investigation.



1%
111 DISCUSSION

Comoesition

The cystine molecnle eontaine two basie and fwo mcidiec growps.
1% is possidle, then, that meroury mey re;lace the hydrogen of 2
earboxyl group or that the Hgegy molecule may attach itself %o m
or both of the amino gronss, muﬁ:m formed may hydrolyze
with the formstion of a bssic mercuric selt or hydroxide.

pe obtained in

Considering the nitrogen and mercury percentag
Sample I, ve find o definite vetio of nitrogen to mercury of 21 8

or one oystine molecule to three soreurye

2,86 o . : -
f FrorTy = 8042 {= 1021 eystine)

Assuming then that three HgSQy moleenles are attached to the

nd with a moleculer weight of 1150.24

eystine molecule, 8 compow
would result, giving vercentages of nitrogen snc mercary lover than

those ectually found, s indiceted in Teble IIL In other words
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the moleculer weight of such e compound ss is indiosted by e retie

of 1 cystine : 3 EgS0y is too high to sgree with the experimental

findings.
Table IIX
Possible Compositions B¢ HgE SE Mel. W
(A CH,,0%5. sFgso, 2.48 53.22 14.18 11350.24
(B) G B, [0 8 Hg - 2 yig 80, 2,72 58,50 12.43 1052,16
(6] GgH, 0N, 5,5 « HgsO . Bg(om), 2,89 62,05 9.92 970.18
(B G H,,0,H,8,. Higso 2 Hed 2.89 62,08 9.92 970.18
(8) GgH, 08,888 « Hgo » Hgso, 2,94 63.21 10,10 952.14
(¥ G40 NS08 + 2 ng (0R) 3.00 88.27 7.08 908.09
(6) Cglyq0Np8z0ig - 2 Mg (OH),.4ip0 2,86 61.40 6.5 980,11
@ o8 ONSHe . 2Bg (on) .o 2.0 §2.55 6.66 982,11
T) Cglty 0,5 i 2 ng (om), . 20,0 2,97 63,74 8.79 944.]
Wmm Data
Semple I 2.88 B1.08 ToBB  coes
Semple II 5,08 60,34 7422  seee



Again i we assume two HgblU, wolecules snd ancther mercury melecule
%o be present in such a compound as the following:
(8}
82¢ - 3 'm Sn %
- |
| HgOg(HaN)CR . HO(NH)HgSO,
= | | :

$00 = Hg = 00C

we obtain & molecular w&g&t of mxﬁm nitrogen and BOPFCWry
 percentages of ZB2 end B8430 respectively, the mevcury percentage
vetng t00 low to sgree with the experimentel findings even for

It is quite possible, however, that due to repeated washing one

eod, (It is

or both the Bghity molecules alghi Lave become
worth noting in this connection that when tie samples were jvejared
and washed the washings m never completely M of £0g) If ome

HgS0g had hyirolysed the following compount {€) would vesults
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el »
nsiﬁ/%mﬁ nﬁn?ﬁz

Be(om); (1 )cn BO(N1L, g5,
€00 - Hg - 00C

(»)
glz -B=s “%_
e Py HG(N,) HgS0, « 2Hg0
COOH CooH
D} represents ancther rossible compound of the same moleculer welght

88 (C)s bui with a different moleculer errangement. Both have a

woleoular weight of 970.17 and percentages

of ¥ and Hg equal to 2;&
and 62400 respectively w& do w& differ radically from those
actuslly obtained on anslysis, i.e., N = 2,868, Hg = 61.86%.

I Doth Highty meiecnles had hgirelyued o Hg (O)y molecules &
couporné with a moleeulsr weizht of 908,09 would result which is
for to0 10w to agree with the smalyticsl date. If three xg (ollg
molecules were sresent the moleculer weight would still be teo

low = 944,318, 1If three HgO molecules or two HzQ sni one Hg wers
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present compounds of even lower molecular weight would result, &

sompound such a8 $he following sives a somewhet higher, but set
high encugh molecular welght {see tsble 111} for the ealeulated
rercentager to agree with the experimental findings.

i.s;

Hg-85-85- om

Hgoui )oB HG(H, AgS0,
000 = Hg = 000

Gompounds 10} ant (Bls them, ave ibe seet plaasibis as far a8
the pitre en end mercury rercentages are Concerndd.

But the theoretiesl value for sulfur for cither one, 9.98%, is
mch higher than the anslytical valne obtained, f.e.s 7.8688. 2

vossible source @ errer in the method used for the determdnetion
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of sulfur vould be in the incomplets oxidstion ai‘%{‘tim sulfur with
subseguent lovs due to the svolution of 05

oevorne'™! sugeste that the fuston method for the det.

of sulfur s smeh o be referred boosns

feveral fusions

were tried, but the method was less satisfactery due to the Lendency
of the welt to atinck the wslls of the erucidvle.

Alse several e}xim&;;zn& with bromine in Wﬂm bromide m«wz%-
followed by nitric seid were ‘%i’i%"ﬁ% no better results.

sssuming the sulfur determinstions to be earua“,::'; orter to account

fer the low value obiained withoul wsterially chans
welght from 970.18, several hydrsted forms were postulsted contmining

one less sulfur stom.
() {1 s
;g o Ny - TR
Hglomj Gmycn  HO(NE) me(om), CO0-Hig = 006 . 2,0
00 - Hg-00-C « 85,0
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By referving sgein to Teble 11X, 1% i veadily seen that in the
sbove ngm forme the theoretiesl nitroven, meroury percemtages
ere reised considersbly above the smalytical ones, while the sulfur
falis below that value found on spalysis. If four molecules of
water are assumed the mercury s® vell se the sulfur percemtnge falls
below i%e analytical vslwe. (Table TIT)
ihue s eomyarison of the sulfur, nitrogon and sercury ratios and
& study of the m eompoeltion of the ronsidle compounis,
compared with enslytical dete, would indleste that we are dealing with
& mixture In Sample I. It is quite possible thet the compound originally
precipitsted my bave eonteined two (or even three] HgsQ, molecules which
on prolonged weshing were either —artislly or wholly hydrolyzed as shown

By the following exampless



s
(BH) NH)CR  HO(HH,)Rg(om),

£00- Hg- 006

{111}

The sample snalyzed say be & sixture of I, II, 1I1 reprecenting
varicus degrees of hyérolysis.

Similer difficultier were eacountered in reconciling the snalytical
data obiained for Semple IT with suy plausible composition. Its
snnlysis points to the seme conclusions- that s dm" is W;«

thet such Pactors as Lempersture, apoust of washing, etes, will



materislly affect the comcsitions

Grs

y Gor

The above comcluvion = is further bowmeout by the appesrunce

gray compound, rrevicusly mentiomed, whem the HgtGy émmmg of gyatine
was umeomplotely vrecizitsteds In the preverstion of both semples for
snalysis the stoichlometrical guantity of m reasent was acded
iu@a@: two HgSU, molecules to be atteched to ome cystine wolecule

and in & short time the upper lsyers hel a grayish appesrance, the rest

resenbline the usunl flooulent white precipitate. Jesples of the gray
precizitete vhen exsnined under & sicroscope exhitited a mass of

definite pin-like “"orysteals™, {Pig. 2] scsme of the pins beisg bent

=S

Pig. 2

Bed not Broken.
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Their sppeayence sugpested the pessibility of a mold, bul on testing
the solution for mercuric lom & posbive test wae oblained. It seems
improbable {though not iMim}; that & mold would exist in an
acié sclution of a mercurie selt. & tempersture of O° for four days
#14 not affect the sypeavance of the gray precipitate. Samples of bath
gray ané shite precipitale were removed and rlsesd in flasks for future
referance.

o the main sortion of the precipitate was added s quamtity of
HgSQy reazent equal to that used ia the initisl precipitstion. Hore
of the usual white variety of preciyitate Lhen ap eared.

In evéer to mininize the 'Miﬁ; of mold formetion s one gram
sample of eystine vas discolved in 260 cc. 5f HpSly and the solution
boiled for fifteen minutes, The stoichiometrical guantity of resgent
(sssuning two Egt0, molecules) was sdded end She asspemnd Jeeitpiiuied
from the hot solutiom. %he Eplenmcyor flessk contalning the sclution

was lmmedietely covered with s sterilised beakbr., Vithin sn hour the
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gray compound msde jte avpesrance, and lster practicslly the entive
precipitate a5 of this character. After cooling & syecimen was
exemined micoroscopicelly. Masses of short pins were chserved -
some srranged as vi:n. burrs. Iater examination of the same #lide
showed the presence of long needle-like erystalline fam while the
sins weve fewer in nusber, In one instence the needles split across
the losger axis. In a previove precipliation when excess HgSCg had
been sdded snd the maierial stirved up, & Tev nuedles snd many

irresular, broken cryvisls were choerved.

Fig. 5
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£ plaasidble mode of formation of these fragmenis from the “plme®™

is infiecated 1n Figuve 4., vhich fapicts verious cbsepved Toras.

Fig. 4.

& sesple of preparetion I exandved just before flliering {(after
excess HgSoy bad been added) appesred to have the fimal form in
Figure 4. DPerhaps an exrlenstion of previous fnsbility to oblain a
crystslline form of the HpSQ, derivative of eystine is the fect thet
on stending the erystals beewe tacked down into a ocohesive asorchous
looking-nags, which under the mieroscope arpear® to consist of

wasses of lrreguler plates.
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in analysis of two preparations of the HgSQy derivative of
eystine described by Herris, wos mede and the percentages of nitrogen,
mercury and sulfur deternineds The resulis indiceted a prodeble
hydrelysis by vepested washings, of the original compound precigitated,
the zenple snalyzed provebly being & mizture of seversl compounds
representing various degrees of hydrolyeis.

The results of the anelyeis showing u 1 © B ratio of oystine to
mepoury snd those of the titration ewrves showing & 1 3 1 ratio, and
$he formstion of the grey mw bas an intermediste step, indicaie
the probebility of formsiion of & series of compounde of Hgboy with
eystine with 2 compoeition depending on the wethod of preparation.

The poenibility of -ﬁmsaa of more then onme compound with
HgH0, anc cystine may sccount for the éiscrepancies slresdy moted
between Andrews end different t&i‘k&l‘#‘ in the Carbridge Iaboratoriscs,

in the preparation of & pure form of cysteine by the reduction of the



e
Hgt 0y ﬁsﬁuﬂw~ of cyetine.
The filtrste from the W?ﬁ%ﬁm gave 8 slight optieal
stiton of + 80, v 1nitisl washings + »38%.

K is very unstable at Scuperatures of 200° € and abovs,

&MWWMmWRmmmmmqim
88 an intermediate ster in the preparetion of the sample for snalysis.
It suggests a oryvinlline form of some HgBQy ssiv of eystine, although
the idea of pocsible fiold tem#im iz not sltogether precinded.

Further standardisstion of the conditioms of preperstion of this
compound is required before aam%m Gats as to composition and
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