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Introduction

Formaldehyde a&s o fixing agent has been used for many
vears and was patent=d as & tanning aszent by FPayne and

e e

and gzelutin and have develoned practical uses of wldehyde

tannins. TFormaldehvde heés been found useful as a4 tanning

amont fAr manv white lezstherag Tor ~love lexther and a8 8
goent for many whi te lezthers, TO0Y ~TiQve [exThe T 3
sretanning wzent in other teénnsges,
- ey b D e RIS FmmAantont Snyvroatd ~o+iAn AT TAshrds
il VLA T LU VAVULL YL ULl Wil MV Vada v PO A R o e v e J ==

view of the literuture. <& summary ol the siudlics mede on
the mechenism of formaldehyde tenncge nmade by Highberger und
zetzsch (7) is as follows:

"Studies of the mechanism of formaldehyde tannege cerried

in the tuanned lssther. On this account various more or less

irdirecs methods hev: been resortsd to in investigating

2

znd Gorges,

<
(
n

{

the conditions necessary Por tunnsge. 5Gerngro:
for instazncs, ussd @s =zn incdex of The amount or twnnege bLle
' resistance of the leather to nydrolysis by hot weter, as

. measured by the amount of soluble nitrogen obtalned uncer

(o))
|

' Serdi it3 ‘Thais znd Scheffe ' e other
‘stenderdized conditions. ‘Theis ana Scheffer, on the other

to the scme Sroblsm the messurement of

(o]

haend, heve apslie

the increcse in the shrinkage tempernture, =né this method
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vestigctions such as these are bused unon the evilusticn

importance in the ripnished leather, they

g

ave yielded valusble results on the concditions necessury
for tznnugse. o quantitetive informution concerning the
amounts of formeldehyvde combined with the collugen can be
obtzined from thex, however, and cuwlitatively only thet
which cin sately be inferrsd on the assumrtiocn, net zlways

entir

(|)
Jort

LY stilied, that the change in the Droserly mecsured

is direetly provortionsl to the wzmount of twaning wzsnt

uol:y shcowed « loss ruther than 2 gelin

r+
@
V3
jo]
a
for
wn
,rA
z‘_? .
e
[
; /]
’_I
‘—c
<
v
4
}_4.

“

in weisnt. In ex?:riments with gelatin theSe VIOTKers re-

cné the Tirul s~lutions, end & "direet" method, in vhich
the firation of fCT"'1QcﬂJue nus Oobiteined as the diffcrence
between 100 wnd the percentuge of »rotein in the dry,

tenned materisl.. ~he =policztion of these methods to hide

s

nowder, however, islded results rnigh‘wg:ebsouerratio»as~~

to muke their “h%llCot&OP unvst ified, gltbough & sum: 'le

tanned-in zZC oer'céntff' lqcn_ce pt DE 9.@ for Bé'hgurs
was raicried ﬁ”‘shoﬁf13;5 per ‘ ent. fo*tulduh*Op bv ‘the
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fit,

he results of th invest

ic8

h

sators showed,

2]

"direct" method.

1

however, thut the tenning action of Tormeldehyde wus grectest

with in-

Q

at »E values between 6 aund 10, and thet it increcse

creasing concentration of formeldehyde,

mn . 3 o =~ o o~ = 1
aDpurently the only other wveilzble results or =& quun=-
3+ b Tars mai b > +thaneca Ponantond hy | erntniar —na nhwa1kcﬂ+
ke W U Y N Adint vLLa o Cal [ S e d N e WA e ~J e Nt A d e — N - e e ¥ A -

cent Fermuldenyde at ph luecs betweer O und 10, esti~uting
the formeldehvde fixation by the difference in concentrctions
of the initicl wnd finezl solutions Their rigures, which

“re rothsr mew.2r, s=em to show that Tormeldehyde Tixation

is 1lov in wcid sclutions, increcsing 10 & mullimum =T &boOuv

- - - s - R T~ ~ ——
DI 7, @nd Telling off wgelr ot X Velues <bove 9. .08 s«mS
S T PO . T . 3 4 te T mA~a mem A S o .- -1 Am e Q
T AiTL G A WOLIT Y £V Vede bdi fa UTio . T DT i waew vhld v W r e macm b e —“s

1
stowun by %ne decrinised hide cubes.’
Follo. inx the develcozent by Fighberoer and .stzsch

of ﬁhe combinction Ofv(Ollumcn with formaldsh n;lggie
norted. :he'resulté may be ﬂujwurlaec gs_féllows:
Iﬁ‘férmaif§r31e concer t;utlons of 1 ner Qént‘OT‘less,
,ané’x; Dﬁ values: lower th&ﬁ 7 to 8 tge res ot;o is,co;fined
to the free'dmiﬁé"groups provided bV the 1"31nv of‘tk

collesen, e.ch free wmino groun reocting.fith‘onefoleq:le
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smeounts of foracidelyde wre fixed by the collugen. The JHE-
2 T e~ L Y o R R R N SNy .~ ; ~a ey T ey
Tixetion curves 01 TLeSe Lighcl CORCSHITEGTICNS Ule SImILsT
to those zlreccy found for the concentr=ticns of 1 per cent

+} i of T e ~ + - PR = LD - e
or lesg, =x¢e Tt that the brecss occur «l nigher Iixavicn
— T ee o = oL TR s smAanasr A dhae Ploed wmaAartinan o7 the
L BRI R RN ] L ——— - o~ -~ —-— Nt - -———— = e e e - PR
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Tisat ke ine: oI 3 ~r 3 wi+k dnproccins conesn
€11ECT. Toe increoage 1n Irixellon wliuo lneresselnd concclii-

~tion is cdue 1o the remcticn of trhe free wmince end

Lil Vol T

e withimonomeric rxfﬂer than‘tolyw

- P
:clecules,.
R - -t v R TR N ] < I B S
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o temvercture snd degrec of shrinkuge
tc the formaldehyde tenniége. The eyﬂﬁ“ .:“cul methods used

~ané the ciscussion ol Tito Tssu ch %111 be presented sencretely
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Cu

ed Fornmcldehyde

izztion on the Cecllagen-Forr

Neture and Stuebility or the

ol Yass action teo the

<1

¢

)

Jolligen-Tormeldehyde

Collzgen~-Forruldehyde esctlon,
5, The Irfect eof ..ginz.
&, The =elsticon of Shrinke.s Temrerature «nl legres of
Shrirk..e to Forrneldehyde TanRNEgSe.
7., The Jolluzen-Formzldehyde Reuctlon in Organic Solvenis.
i, Removsl of the Uncombined Fornaléehyﬁé
The exverimsntal methods used, urnless otiwrvise modified,
vere identie=l with those described in detwil In & previous
paper (7). Colluzen powder {4} wes tanned fc: twenty=-four
heurs, with constngiégitctlcn, ir cefinite co%cent:mclohs cf
:fof:;lderfdeiiﬁﬁ ‘ 2otussium ,
ﬁyﬁfoiﬁei as ﬁSed inétsﬁé of sodiux hyn:oz*ée'iﬁ mahihgythe?
'bufﬁcf-éclJtlc;s, the sléss electrode bein:z lsss sensitive
te motassium icns.  The équiV;leithaf S.CCO srums of AUy agh-
free ccllegen was used with 100 ml. corticas of golution. To

the rate‘ét which the uncombined

san 'Dl“.

ormeldehyde 1s removed from the tuuﬂoc "coll ;men
WS ncoe sury to mbdify the]met od of washirg previOusl;
e¢3lc%ec; The'morhalceh'ae,coazsnt Wa S then dﬁLtlnincC on
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the undried sumpls by the Highberger and letzsch method (6).
The method oi washing wdeonted wes an intermitient one.
After tunning, the collugen sumrle wus reroved to a ‘/ilson-
hern extractor, washed well with cistilled wetsl usin
sucticn, =nd covered with 10C ml. of the wash liguor. It
tiwe, cuch

weshiing tozetber with a 5C ml. rinse ov distilled water being

snelvzed for Torreldehyde by the Highberger wnd letzsch

One-hwlf hour, one hour, cnd twe hour intervaels were

b=

atAaAnmea
SvallT

(92

viitn = legss rod

hetorns bein. allowed to stend. The wasi.ing was continued

until only nesligitle wrmounts of Tormeldehyde were beluyg

4

ruffered solutions, and difrferent concentréticas of sodium

t
»ethyl zlcokol and ethyl zlcohol dic not »rove to

By

alxk=line soluticns of ethyl zlcohcl are no more erficient

the buftered scueous soluticns of the same DI valte.

(=

Dilute sodium hvéroride solution und elkeline buifered
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lutions are gfood wuashing agents but their high pH value
couses won increwse in the wmount of combined t rocldehyde

for sum-les tunned et much lower 2E velues.

n
o]
|_-J
o
ct
[N
(0]
[n
[ )]

Different concentrutions of socium bisulilite
did not nrove of much helv either. Sodium sul:l
T studied. Sodium

-~

sulTits res ¢ dusl role in the weshing. It dissclves wny
1

rolvmerized formzldehyde end rescts with the uncembined mono-
reric Termuldehyde to Tornm The alkelinity of

tpe sodium sulfite soluticn {p¥E of 0.02 I sodium suliite

i . g “I [atad Lo FL SR R AAA= I A
BUCE DUV 100Ss «hid e Uoll=CGliiliuSilbac Dguiml=wuy LCLSe
3 ird in> T T H nine
Tencs there is crected @ driving Torce to expel uncomined

vawm:sldenvde, This is obvicusly ithe rsszson why sodium bi-
sulTite &id not prove to be effective In acidé medivm

(p¥ of C.1 il socdium bisulfits = ¢,280) there will be ean electro-

stutic attraction since the protein will be mostly in the-
B IR &
form Z0CO-P=_Iz .

~”Sodium sulfite has also & decided adventzge over the

'other'dlk llue Vi sniﬁg agents mentioned QDOVC in thot the

stivelv low »i velue ¢nd to its rewction with the uncombined

_mulaebyd To further minirize this errcr samnles tenned
'atba alet vClue lover than that of'soditm_sulfite £Te first
wasned with dist 11@& fctﬁr to remove ourt of Lne ulcomu;n
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=fter tryving out different concentrations of sodium sul-

€
aq

ing wes adented:

= >

f was

=
H
0
o
@
Ql
o
4
(o)
e}

Tite the rfollowing p

o

The tenned collegen samnle is trunsferred to ¢ silson-
sern extructor, washed free oif edhering Tormeldehyde solution
with éistilled water usinzs suction znd covered =»itk 100 ml. of

th ¢ 2loss

bt
13

C.C2 M sodium suliite. The nixturs is stirred w

id

O]

rod, tllowsd to stzné rer two hours, drained ocut with the
of sucticn wnd rinsed with 50 ml. of distilled water. This
br o riftecn

PP S o

PRF U e R e R S S wtm e a1
Odvreticn 1is renested three times, thern Tollce

nour overni-ht wash, three two-hour wushes, a twe-heur wiash

ae A~ Tha waonisnea d+h AderiTlalr wotven Ta +n momnira
§ JESCIIRINES: BARSS4 Waterlr 18 TQe .T'2reve

of the sodium sulflits from ithe collegzern Titers. .. collagen

For = semnle tznned st oz pL velue zrester then 7 this velue is
paroximetely 03 to 0.04 millircls of form:ldechycde.

well Kno n fvom v»**"us nhysio chemiczl investi-

H o
ECLEETE
poe ‘

n

agueous fo laehJQe'uolbtlons tnot the ~ronertion -

0
¢
ct
}.J

e}
o]
4]
O
h

H".

(‘[»
( f)

of Djd } l of lQ“Pch pres nt in such solutions

iLCf QS“S mulﬁedi} as the totcl pon art*gtwcn oi formzldehyce
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increuases. In the vrevicus paper (8) it was suggested that
only monomeric formeldehyde rewcted with the collagen since

the increcvse in combined formeldehyde was too low comneled

.

to the extected relutive increwse in rtolvmerized formualdehyvde.

3
3
e
D
b
e
4
D
o
-,
:)
R
3
;
o7
D
e
2
4
Y
D
D
)
13
Q
ot

______________________ vde
jonted was =s 1clleows:

Cne-grum scmnles ol dry ash-free collugen were tanned

P PO | o) cernt FfAarmmelAabhoda 40 1-\1 FTrfonad antun+iana 3 +ha
WL vili &~ LR - L SN s Y NA N B - T A AR A SN AV S C ST Y. Ly s Casrc

uzual way. Dunliczte samples were used for euch siven pil

value. ~Ffter the tennin. pericd of 1 dzv each tanned szmple
is transrerred TO & Téred asnless filter paner (shatman 2o,
40, 12 cm. in diam.) in ¢ Buchner funncl, ripsed with two S0
ml. porticns of 4digtililied wuter using sucticon andweijhed in

a large weighin. bottle. Blanks to determine the water ltake-
Y by the tilter vaner were made. ~fter subtrecting the

weight,of_the Tilter paper «nd th water blenk the weight

- mzldehyde content. This vslue is a measure of the total

© umount of formcldehyde, comoined‘an& urco“.lned,fih;t diffused

“into the Coll:gen fibers.-'"hu gm011t of the unccmbinsd for-

CJ:

by subtrcctlnb th velue of the uncom-

melceh yne is obuu~¢
as obta ded'from‘rig, . The resﬁlts

bined formaldehyde

'are ofO'“ in iz. . The vaers‘obtuined for ;.tb r lov oH

s

T iues ?'e nor,oo'“oour te due to the alfflnblty "n fﬂltewln'
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2 GRAMS COLLAGEN POWDER
TANNED 24 EOURS
IN 100 ML. 0.1 M. PHOSPHATE
I

AN TR M7 TV A TRAre TIATNE L T e e bl
VUM AALGNAGW A foan VAL SUMMMALLLOIUG -

@ \| —O— coMBmNED AND UNCOMBINED HCHO

P 08/
fal
< —— UNCOME INED ECEO
J1a —@ Q_l1.s
8 —— SAELLING CURVE ( *
%2 |\ E@ =
=
fﬁ 12 A 1.2 3
3 e 4
a \ ' S
(2]
-4 b}
—~ 10 ~ 1.0 ©
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\ / :
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koo
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&
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()]
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FE OF THE FIN/L SOLUTION A
ok

FIGURE 1
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the svwollen sampnies. It will te noticed thut thke zmount of
formeldehyde that wes &ble to diffuse through the collagen
fibvers increased with the oX vezlue. It is of interest too,

to nots that the degree of swelling has very little to ¢Go

with the formuoldehyvde taxe-up. This is very well shown on

the meore zcid »E values where the swelling is &t o muximum
and the Tormeldehyde content is &t & mwinimum. It the ccllacen
fibers wre vpermezble tc nolymerized formsldehvée then it would

- will be « Tunetion

"D

T

L’L

e

(\".

e exrected that trhe Tormelcehyde

tke swelling ¢nd the concentrstion of the formuldehyde used,

In zcid snd neutral solutions formelcehyde exists mostly

Al hne oAt [ - S alerA e g e A4 <
method has shown thet Tformuldehyde devolymerizes . 1UTL increuse
- — 1 o e A 2 o o4 P - - L <+ +
of hydéroxyl ions &nd rise of tempsrsture. In Fig. I, the

the graduzl incresse with pE vilue can be very well exoleined
 0“““5 busis -thet collsz

44 LaN

nolvmerired formildsehycde.

collegen Tibers, tLesn wny iolymerizedfform;lu°lfc e forred

irside'the 1DlCuQ structure due to & change_in ph from

>

al“cL;ne to scid velues, will not be cble to difTfuse out.

LOTGOV““ itfhas also'been hO'n tbut the ;nbe of attein-

““3

 Zment of “0‘*¢;rlzgu10m evualibrium depends'on'pﬁ; Using.

- In

1nta f@rometcr readings as = mecsure of retes, aCano, Trozus,
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& ravid rete of DE 6 and cbove., This expnlains why distilled
Tered solutions szre poor washing =gents.

I it will be noticed that there is not much
uncomined formcldehyde tc te removed on the scid sidée znd
tre selection of the vroner weshing agent is not so essen-
tizl as on the wlxulins sile where the wrzount of uncombined

rformeldehyde increwses with ©F velue. It wes clgo observed

~'17!"‘: +hro waahinos NE e 3 b - SN s 3 oY 3
MuTing the washing coperction thut the collusen-Tormuldzhyie

combinztion below 2 3 is mere stable thun thet tuling »lace

recction mecdium is meds more =cid as will be discussed luter.

To verify this conclusion tre folloving exnsriment wes carried

1
then weshed with two 50 ml. portions. ol distilled weter
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T.BIE I

b2
9

Eours in 100 mi,

(o]
i

2,000 Grams Collzgen “owder Tanne

0.1 II Phosvhute “uffer Conteining 1.0 Grams Formeldenyde

Fingl zH of 1illimols Yormaldehyde

Szmnle lic. Buffered Solutions Fixed per Grum Colluegen
I 2.48 0.35
2 £.48 0.52
3 “e43 0.31
4 .14 0.280
5 .14 0.58
g .14 0.41
7 i0.88 C.062
8 1c.88 0.57
9 10,88 0.80
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2 GRAMS COLLAGEN POWDER

1.0 FORMALDEKYDE TANNED
24 HOURS

IN 100 ML. 0.1 M. PHOSPHATE

0.9 rou
—O— 4 Per Cent HCHO A

0.8 | — Q -
—®— 1 Per Cent HCHO | / /0

0.7 —- 1 Per Cert ECEO -

@ —  Na0Cl Treated )%

/’/ —
B /o | //.

Millimolz of HCHO Fixed per Cram Collegen

7 8 9 10 11 12 13

2 3 4 S 6
?H of the Firel Solution

FIGURE II
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)

and analyzed for formaldehyde. Samples =, 5, aznd 8 were gZiven

th sodium sulTfite, wnd one Z-hour and one

i

three 2-hour weshes w

G

stilled water, Samnles &, &, and 9 were

I
’-h

ov.rnizht wash with

-3

driec in the vecuum oven =t 100°C for a day. The results wre

shown in T:=ble I.
By this nrocedure =11 the saudles Lhave the szme amount of

combinei formuldehyde (0.7¢ millimols, see ig. II) befors bteing
placed into the bufrered solutions. It will be observed from

mable I thut more the combined Tormaldehyde wes removsd by tae

utions showing & greater reversal in

i3
o]
3
@
o
[¢]
’-Jl
(o))
o
o
-,
[y
(¢}
o}
(!
[oN
6]
O
]

the reaction. It will 2lso te noticea thet or

ariea ip the:ovcn the ssmole b o7 2.4C showsd o ziried <e-
orsesc in combincé formeldehyde showing theot the volymerized
formuldehyde which must have been formed woprecistly ot such
a’pH veius, hud been dejcolymerized by fest «na thersbky

gx-zlled,

2. The ature znd Stabillty of

the “ollugen-Formaldshyde ezction

busis wers tznned with 1opel cent and 4 DEI CELT formulcdehyde
in the ususl wiy, coveriny the SE rengs Irom & to 1Z.  aftsr

yias enclyzec, The results ers shown in Fig. II. It will

~ bs obssrvsed thet there is « flottening in the rezlon between

© pE 7 and pE?.S,cbfrésponaing‘to[;boutﬁO.S? millimols of coms
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i .
@ 2 GRAMS COLLAGEN POWDER i g
: SCRMALDEHYDE TANNED ¥
IN 100 ML. 0.1 M. FPHOSPHATE
—@—  pH = 11.31-11.58 ( 4 % KCHO )
—— pH = 11.40-11.58 ( 1 % ECHO )
— A PH = 10.51-10.71 { 1 <% HCHO )
O~ pH = 7.32 - 7.43 ( 4 % HCHO )
—o— PE = 7.1§ - 7.27 { 1 % HCHO }
-G PH = S.51 - 5.37 {1 ¢ ucHc )}
1.00 | Ii 1
_’)__&”,__L_,' '
= |
2 | |
2 .80 — [ ‘ q
— B e L —
8 & ‘
] — |
[ i
@ |
5, 0.60 :
G I |
[=%
» | ;
o
kot H
-4
: ) S
o 0.40 —
2 I
(&)
:1: I
4 x
3
o 0.20
Iz
E=1 !
3 |
0 8 16 24 32 40 48
Number of Hours ﬁ

FIGURE III
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bined Torm:ldechyde and
thun 11.5 corresvonding

of from 0.82 to 0.83 mill

nt with values of

aisrecme

(5.4 correctzd

97 lysiae,

zrum of zrzinine

a totel of

=X
Ue T

2]

f=3
<

¢ht increas

"urculoﬁs of for maldvkvdo

ffooviou ir on Flg

Gb

cen 1t tl n incrsas

“fem

another rlcttening ct &

tnPESC
norrblnﬁa fo“molieny
wlll

T.LI t“vt

nil grester

to a combined formaldehyde content

imols. These values wre in Jood

0..8 millimols of lysine per gram

vaolue (5) ) end 0,43 millimols ver

zeted velue(5) ' or

assumin.; thot one

ec.ch free emino groun.

- T8 oT

~ 3
inms \.

Shopaas

Y

;n'wrc¢e~se 1n iorm

of fizatlon mcrxealy ane.
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2 GRAMS COLLAGEN POADER
FORMAIDEHYDE TANNED 24 HOURS
IN 100 ¥L. 0.1 M. PHQSPHATE

DRIED AT 9% - 100 C.

—— 1 % HCHO - 24 HOURS DRYING
—)— 2 % HCHO - 24 HOURS DRYING
- 4 % HCHO - 24 HOURS DRYING
—8— 8  ECHO - 40 EOURS DRYING
5 16 % HCHO - 40 EQURS DRYVING
1.0 - T
! i
0.8

VILLIMOLS OF HCEO FIXED PER GRAM COLL.GEN

9 11 13

I
|
i ; ;
? .
T FINAL SOLUTION ﬁ

FIGURE IV

o
7]
2
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does un incresase in the »E value of the tenning solution.
Fig. IV shows the results when the collagen scmples

tunned zs described wbove with different concentrations of

Tformaldehyvde were dried in the vscuwrn oven uat 10092, instead

" being washed with sodium sulrfite solution. TForty hours

cf drving werz used ior the 3 ner cent wnd 16 per ceat

Checks were mude Tfor the effect of longer duraztion of drying

for ezch rorrulzehvdée concantretion. ~“he results wre shown

<

Fad PR N res R, = - - N T - = S = b ~r o e e Tl e T
from ¢,7% 1o 0.3 TiiimCisS. nCre agaii, S HoVEe TVIASICE

£ ce - — ~ - -~ -
of « collcé;J—;or‘alcehwae reczctition corrssoconcing to a rsetio

[ %

zts the Tormsation
of = mors stebls compounc. The formetion of « methylens

compound is not unlikely =s wes nointed out in & previous

[
[()]
=]
ct

rwe7ve samnle"weie an 1n tne ucu; uj at differ

]
=
M
'
-
-3
-

- pH values '1th 1 D T cenb fOIloluchuC. Sumple:

f/)
cf
'w
’...I
[
jor]

wné 10 wsre ,wash;d with tqo'SO ml. portlons of1d1

e
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T.BLZ II

(4]
2
(]
(]

2.000 Grem agen Cowder Tenned 24 THours in 100 ml.

1
Q.1 .. Phosphate buffer

6410 40 ™

R T

\(
[e2]
-
b
o
D
(@]

3

. 10.78 40
‘lo.7& g0 =

el i
<
}...l
o
[}

Formuldehyde Drying 11illimols Formuldehyde
Concentretion Final pH ‘eriod fixed per Grum Collugen
17 6.45 24 hours 0.43
15 8.48 48 0.41
1l 6.d6 78 " C.40
1 6.46 o " 0.40
1ot B4 iz¢c v 0.4C
295 B.42 2a v C.48
2 6.42 a8 v 0.39
S5t 11.33 2¢ 0.72
27 11.33 e 0.80
4: §.02 24 ™ 0.48
& §.02 43w 0.44
4 1C.55 24 M 0.85
&% 10.55 a8 0 - 0.80
4 11.74 g4 ® 0.81
4, 11.74 a8 w 0.79
4! 11.74 g 0.78
4o 31,74 s c.72
455 11.74 120 0.78
8% 5.92 40 ¢ 0.54
85 . 5.92 90 0.52 -
3 11.17 40 0.584
8t: 11.17 g0 o 0.31
6 - 0,07
& ~ 0.55
& . 0.87
5 0.85.
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-7 -

weter =nd znulyzed for the formuldehyde taxe-ud. The other
sumnles were washed in the same manner and renlzced iuto
buffered solutions or the same pHE &s the soluticns in which
they were tanned. Ssmples 2, 5, 8, and 11 were shsaken for
1 day wnd samples 3, 3, 9, =nd 1f for 2 days. They vwere
two 50 ml. nortions of distilled water and
analyzed. The results are shown in Teble III.

en samples were tunned in the usuel wayv with

+ i
v

g ek

er cent formaldehy

Q

=

b
3

2 ner c¢ent, & J8r Ce
1, 5, and 5 were washed with two 350-ml. vortions c¢f distililed
ter znd =nslyzed for formaldehyde content. Scmdles 2, 4,

-

and 6, uITer wacning wita TwWo 50 mi. pOstiolis, were Trans-

~ - S S -4 3 =% e -~ - 3 M i = B 3 -

Terred into their origincl bottles ang somxeln tor o Agy with
ayal . ) - b - ~ - S g RS A= e - o~ ~ e
100 =1. o1 = muffered solutien or »E 12.00. The resuils ars

Tebles IIX anda IV Bain show the 1:1

collagen rewzction. The vncombined formaldenyde Girfuses out
or . the colliugen fibsrs e&silv. The values cf comtinesd

f¢rmniéeryne areigklittie'hiaher in nicher concentrv ons_bf
‘ffofrdHécb3de cince the unC“mblF c’fO“mMLQ hyae Lef 'in the
.coilggeny5ib§fsﬂmust be in ecu i.'b ium with th conc ntretion
of “drmelaeh.grde hich diffused out. |
.11 the data or escntea qbbvé 20int to & stedls chemical

ee zm ino CIOU“”,Qf

4

.COmbinAtibn of Iormaidehyde‘tith the f

e
)

 1‘31n oni*arginine in the'ratio‘offlilyjlfhfn>the Tormal-

'dehyae,tcnnéd,oollagenvfibers.were weshed wita ¢istilled woter
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TABLZ IIT

2.000 Grams Collagen -‘owder Tunned 24 XHours in 100 ml.
C.1 Il Phosphute Buffer Conteining 1.0 Grams Formcldehyide

Finz1 »nE of 111imols rormualdehyde
Sumnle ITc. Buffered Solutions Fixed ver Grem Collagen
1 5.82 0.54
2 5.52 S e
3 £.852 0.26
4 7.14 CL.78
S 7.14 0.42
B 7.14 0.40
7 1C.72 1,30
g8 1c.72 C.75
Q 1C.7& C.73
ic 11.40 1.45
11 11.40C 0.74
ig2 11.40 0.73

TAaRL. IV
2.000 Grams ollagen Powéer Tenned 24 Iours in 10C ml.
0.1 i7 Phosvhate Burfer
Semole léenyde - . - . o Zilliwmels rorm=ldashyde
o. tion Findl oX Fixed »nsr Gram Jollagen
1 ©11.54 1.74
2 11.54 C.79
Rea 0 11.13 2.24
& 11,13 C.83
3. 10.28% 2.08
§S) c.e5

- 1C.88
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we o o sev e
v etet . Tt S
. . Te e Se %o v o o
.- v, . ¢ v .
.« e e v e ey .
*® v o ®s t2 e e Te e .
. Cese .
. ee, o L oo o .
S e % e e . . *
«tee . L
‘.".' . ."!
"o % s o e et e

or acid burfered solutions ﬁn§i$f§§§méd to be & hisher formul-
dehyde take-un. as nointed out esrlier in this work the

hizh results so obtuined muy be only dovnurent ruther then
rexl due to the role of nolymerization. The oossibility,

however, of the chemic:l combinstion of two molecules of

unstyu man & 3
curvea here ig onlv one brezk in the curveg i i TT show-
curvee, _aere 1ls only one odreax 1 Jne curves 1n 1o, LA osho

ing thet only two combinctions (with the free amino grouvs of
lysine wunc zrginine) huviepg different »i values wre Dpossible.

Tne widesvrecd ilniersuce thel ifn formaldeiiyde lwinling

mAamna thean Ana mAaleeanice af formaldehrvde pcomhined it ezch free

AlaNS e N VAdNA Ll N wde W AAANS e N W NA A N - - N Al . AN e vr - N NS rbd W s A N A - N N a N - de W
- [ . o . = - i S e S U S -

zming ZrouY Dzg Dgen Arawn IToO WOIK Carried Out on The ¢on

nounds of vzrious amino =cids with formaldehyde, The conclu-
sions drewn from these results ncve been carrled over by
analégy to the proteiAs._ It

gnzlo,y is mot 80 velid since ke recctin; Srou

tzin, the €-amino zroun of lysine znd the Q-guanidino group

4]

of ardinine, are less recctive then thed -zmine grouy of
the emino ccid. It hes been sho'm thut form :1dehyde ~clymers

can not diffuse nto the col a 1 fibers and hence could not

”'WOWCculhs of foLmalx ehyde in comvination with the amino zroup

of lV01“e eLh“l ccter,,ch“Hng to the monoform;lfcompound
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on the addition of elxali. s the nossibility of the rewc-
tion of two molecules oT frormeldehyde Tor every resctive
amino groun cun only tuxe pluce «t high pH v=luss, it is not

unlikely that ths only combinetion tukine »luce is the 1:1

groun with the rormzldehyde, it is rezsontbls to belisve

thot it is not necessarily a removel of hydrogen throuzh con-

P2 . fs ey P ~ o e R
acueous medium. Tormiyums (14£] cited the .ori ol I SyTrOVSK]

= TR At 3 P 3 - “-A - T - -~ 4+ ~ T
= I, R ateeel A RN PN A MAIIEAATATIA S T + = AN N 3 A ~ -
IoTmE LAGEnVae hich ¢Corresmeonis Te Tohg Ccongciiviuibicil L. L0 e

Qifhout aanéubsﬁaﬁfu
v 'Asprinteﬁ out.in a'prévious p;?ér (7) it seemé‘prob-"
vgbié tﬁaﬁ the Tirst sfége of the resction is & éogréiaation
ofvéhefmoiééﬁlé Of.forméldéﬁyﬁe ﬁith'eaéh:aﬁigo,sfdﬁﬁ, théf
‘ﬁitféﬁéﬁiifom'éénéfia; its tnshéféd 7éir ofxeieéﬁ:ons to thé

carbon atjm,of‘the;formaldehyde,‘ ~fter the formetion of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the coordinztion compound, it scems not unlikely thut a series
of reurrangements occures, vwrobebly resultins in the formetion

of methylol, wnd even of methylene com-ounds thus:

B =, B H HH ‘

i 3o % e e s e . e .
R:M: + §:0: ==-% R:¥:T:0r -= n:N:C:0:E -3 x:M:iC+E,O
o o ToE o g e e £¥ -

- <4 id ad Ad L

-

The methylsne comnound mey be formad in the sbsencs of water

cl

jo7]
|.—l

as in the oven-dried formeldehyde tanne

n of the Lew of l.ess ..ction

e
0

4, The ..pplic:ut

to the Collugen-Formzldehyde ..eaction

..Ssuming thet only one molecule o1 iformulidenlyde rewcis’
with ecch free wmino groun, the reuct’ons lnvol\e nay be

written thus:

R crmte~ v T T e es ey

L YE, + Z0HEO & L THLICHO or L T CF,CH
- wE vyt e 2 T AT

2 VH, 4 HTHO 7o RELECEC or a4 ME CH,O0H

Frmnas 1\%0%(;:“@98‘
L NN N b - bv\-ﬁ

ed =mino groun of ths gucnidino
radical of arginins. .t eguilibrium the awsseei;tion ecui-

-ssed as Zollows:

}_—J
}.l
o
=
I_.’
Q
O
[
[0)]
ct
Y
1=
ct
L’D .
G
oy
v
-
Fy
[Q)]
iy
v
Lag}
O
+
[
o'
1]
[¢Al
4
'3
i
[}

L IE, HCHO=

(2) -

P -L..-2J.L\/

s - K
: TanTe TTs ‘.F"C:
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where the brackets [ ] denote molzl concentrations. The molzl

concentration of the free unchurged &mino groumn or lysin

[; Nﬂg and of the free uncherged amino grouv or argini

can be culculzted from their »i velues assumin: that

values obteired from the nure umino wcid &re not much cheneed

v

e
|»—‘

nz the ok

in the structured proteins. Using Vi

sermidt (11) we have the following ecuctioas:

W + = Ty Lo 10.53
T L TE, = ZTTTTISTT= 107N
L 1E,
o=
- -~ Tmee-Tacz T 1n-12.48 {4
~ 1 - = 10

s O s T A A
iC 10ormuaaGeny

- L4y

A~
“uo

ues ziven by

e Ve
v

cnes

M

=Y ‘ﬂ\‘v\m“‘i{‘( herA soon +
e 1 cenyae ¢ 10T

diffuse into the collisgen fibers. The collagen-rormelcehyde

tween

the swollen collsazsn Tibers In the iight ol tre mocde
Cthe of szructufed mroteiﬁs_b“e fres zxino grouss o

lysine znc thet oI tha‘;zfnidﬁno srouts of wrzinine wre
uniformly dls:ribuced thﬁougtOut the swollen s=mple ond

beinyg :olur in cher a;tcf ar§ ré;lly.in soiutidh’in‘ he zgueous
ﬁedllm ai tbe svollsn collagéﬁ Samﬁlé. .ith”ﬁhis,in mindv
the-bollagen-formalléhyde resction cen be trectec, cs g uﬁma-

zensous system snd the homd;

e
e (i)

given wbtove cre wpolicuble.
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=t any »oint in the grunhs in Fix. II the concentre-

tion of the combined formcldehyde is clwayvs in ecuilibrium

Y]

with the concentraticn of the uncormbined rTormuldehvée and

thut ot the Tree unche:rsged wmino srouns of lysine or

arzinine as the coese mey be. From Figs., I ond IT the follow-

1 be celculzted:

on
o
I

ing quuntitis

1. Ths weight in greoms of the sclution ver grem cof

4

collien in the 1y ash-tree buesis in the s o0llsn scminle.

1 nthner concernrations &re vnen colceul. -0 to molsw in

o _ . L
2. |ECHC}, the molcl concentrciion ol the uncombined

— py
< VT " T AT i~ o .
z. [T m,zcrol or 3 D¥,E2HQI, the mol:l concentrition
0T the corToineG Tormu icehivie.

.~y +ﬁ > o~ *:'mﬁ L &g + s ‘\'*Tb‘) -3 e
& {; nIig /l + [;J —iilg cr E-. :‘3] + ‘L:- _..r./‘v , thie molzl

inedé Iree wmino

(@] o
*
¢
0
o
’.J
H
t.J
I,J
i3
¢]
|.._J
m
ad
[$)]
' -
(l
=
[iH
!_—:_
(¢}
0
}.J
}_.l
(v
U:
[¢))
=
th
@]
1

or thot of trzinipe using ;

thz lysine content «nd O.45 millineols for thuv of wrzinine,
S — = T

T Ty T ! e &) ha & 3 F 1D A T &2

Ir L 1Hs i+ L TEZ] be Gemoted by Rpland i VE. J+ |a T,

t
<4
i

r

..I‘.‘L

!
H
+
t
;
]
‘:J
+
¥
L
}—_1
O
]
‘_J
NG
L ]
>
(84)

Lo S o o PR ' ) L Ny e e,
L LH:]:‘Q‘: [F,| can then be crleuleted eincse |E+] 1is known.
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{
S
g~
|

5. EKnowing |L LE{] , hvwg] , and L; LHEHSLQJ ,
L NF,FOFO cuan be calculcted. IR o similour monner

R 4 e momp c=n be comruted. Tuble V gives the K constunts

o4Z vnd rrem oE 10.24 to 11.05. The

rather low values obtained «t oH vmlues lower then 6.08 may
be attributed to zn incresse in tTormeldehyde combirstion due
t0 un increés. in pil since the sociun suliite wushing solu-

ticn has a oY of €.90. Thus the fenomincator in eqiation (1)

<+~ < -~ s P . = -~ I - ) - -~ = N - T~
is actually highner than the reod valiue aild nence & smeller
K constent will reanlt The rather hish ¥ velues &t a »E

of the resction. . low nvazogenfwon oonc¢ntrggvon, Lﬁ*],

-

‘vill"decre&se';he concentrauion-ov the free unch;:ged
: E . ;"Y_:*\ ‘ . R v__""‘l‘ . 2. .l‘ o ‘;. : .‘ -l .»‘.. . .
cmino 5rguqxj[;.{h33 orvif TEs s ‘Tﬂlsiwll;‘glstllo tbe

aguilibrium in euL 1dns’{l)‘and¢(2) ;nd more L 1I,HECHC or
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Final oH I NE, Ky vm,mcH0

¥
™
ot
Q
{
~3

& oq > g8 X 10-7 2.5 ,
W N — " W e - — re - - 2 -
3.87 5.80 X 10-7 6.52 x 10™7

o -
5,98 9.93 i 1077 1.11 X 10-°
5.38 1.70 x 10-° 1.70 £ 1077
~ e o A0 T 1N=D 2.353 X 10~
Vel LeTY A v ...-.,: - :.-nf"\
7.25 1.84 0 1079 1.7¢ X 107%
7,42 2,37 X 10-9° 2,95 X 10-¢

T\F ~—~ - - -

Final DI -~ NH, = 4 VH_HCEO
N e T 4 oA v -4
P el N RV = e ST A AN 2
.13 K 10-% 4.09 X 1 i
5.686 X 104 4.688 1 1077
. -~ _,4 o= o~ lO"‘
4,11 X 10 5.44 X :
4,82 X 10-4 3.33 X 10 .
7.0%3 X 10-% ©.54 ¥ 1073
¢.74 X 10-% 1.38 X 1077
3.93 X 10~% 1.28 ¥ 1072
9.39 x 1074 1.36 X 107
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n)
G‘\

-+ NEGECHC will dissocicte in order to restore the K constent.
This is wlso the revson why wushing with o buffersd solu-
tion or the szme DH velue as thzt of the tenning: selution
wxzs not adonted. The reverszel of the rescticn incresuses
with decreasing oF v:lues znc the vroblem of wiien te stop
washing the formeldehyde tenred collagen summles becones
connlicste The sodium sulrite washinz climinstes this
difficulty For it is ~ia &nd c¢an be carried out to the
seme end-noint Tor the dirfferent sambple

9. The =Zffect o .zing

To study e sitfec of &5ing o0 the Coll&zenw

Tormuldehyde reaction

concducted. Thir ty-t 0

Bl

2 cent Tormzldehyde
at & E = 8.1C, samule
samn 1eb zv tp 22 at_a

’t“e n“oceaure enoloveu

sried. for differg
Teble VIL o
a1l the semvles v
wwshin, aftei the ;gin
aﬁl'gé:whlchlﬁere in&l
lmegts ?rlmtrllv

tyne of.a

the follcwing exneriments were

4--rum Sux 3les VETE

in the usuzl munner, sumdles 1 to 12
s 13 t0 24 at a »F = 7.47, znd

~E = 11;90. The method ofEWashlng,
‘an £h¢ duretion or wgins w¢:;
emoples., The,resultsk§re Sho:ﬂ%iﬁ
ere given the usuel RUiiLm.Sulfite

3 jcziéd execept amgiéé'ﬁ;,lO,-lZ,

vzed without washirsa. nesé.exéer-.
desi_ned to verlfv "let- ¢ some’ other
fgen—ferGlfeh,de reuutlon tun es place
éorcwticnu. The t‘ ' “énts”insn,
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semples 1 to 24 were contemnlated to show whether a more
stuble combinction in which a molecule of Tormuldehyde
unites with 2 free uncharged amino grouvs formwing & methy=-

lene bridze cen tuke plece. Thus denydration sina drvin. in

v

the vucuum oven were tried, the removel or water fevoring

=

icce thsn thae

TOCK

v

M

& YEnCTLOE

3

such « rewction. If such
combirncd formcldebyde would be hulved. The decreace in cone

t to be

Q
ot

bined rormcldchydée is just wnhet one should expe

removed by the socium sulfite weshin.. It is therefore

2]

unlirelv thst such ¢ rescticn tukes vlace.

S=mpies 25 teo 3 were just given two rizses wiih cC ml.

of Sistilled wiotor in ordsr to rotein some uncorbined rormel-
dehvde inside the rivers. ..ging mey result in & steble com~

to the st ;llIV of the 1:1I collugsn-Tormelc yce rez c::o“.

.6,  The kelction of Shrﬁn“ ze Tempercture znd:

' Degree of Shrinkaue to the Formuldehyde Tennes

In this‘phase of the.wdrﬁ;:an'electric heéfiné‘stcge
i(aftér Ualtoﬁ) procursd from f. Imltz, inc;‘ﬁcY.,:was used.
“:‘siiding'rheost:t Wi coﬁ:cctea in pbrulleL to-t§e ihstru-"
ﬁlar rheoétat gnd the current so cdgu sted thet

Q'tempefature of 100°C. wgs atﬁdlned in then+v to twent
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five minutes. - few Tibers were taken from tre formelde-
hyde tunned collagen samnles, nlaced in water or SC ner

cent slycerol coluticn in the concavity of & hansing drop

D

glide -nd covered with & cover glazss. The micro slices used

vere 1,25 to 1.50 mm. in thickness with concavities having
15w, dicneter snd 0.8 mm. dee~. Retrolatum waes use

arouné the edze of the concavity to »revent ra~id arying

of the weter =nd the Tormetion oI bubbtles under the cover-
ic wus not necesszry Tor determinaticns in 50 per
cent _lycerol solution. .. smull cardboard box waes Titted

on tcn of tie hewutin. stzge to vrevent sir diriusion current

mcnt of the hected sir in the heszting compertment,
3 +* =3 Tc P R - ——o e =ty ~ ~ L SRS
. ostrziont Tibver wes seliected for mewsurement wnd tiag
3 iy ~ = 4- 3. 4 + 3 ~ - - - - -
siide =djusted so thet it wes in the centsr oI the ricld.

Py

piece for tFe‘ﬂuruo se. '"b per cent shrinkezs ‘1s calculeted
as the difference in Lhe two lﬂnhth ¢ivided by the initisl
uﬁconu;;ct d lsnzth multiplied ov 100. The fibers were

heated‘td‘QSOC. in the vuter medium =nd 1000¢, in the 50

~er cent 1Jcerol solubﬂon., The results are_Sho;n in Tables

VII and VIII and 15,‘v.7

' The follcwinz observetions were hoted:
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2.000 Grams csollsgen “owder Tunned 24 ours in 100 ml.
0.1 7 Phosnhute Bulfer Uontcining 1.0 Grem Tormrneldehyide
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DN OO O 1D ~T i D@ O DT )R

.Jillimols Skrinkage
Szmnle Firel TFormuldenyde zixed Temperoeture fereen
o, j)at ner Crum Jollagen oC Skrink
1 4,45 .11 72.0 62.8
3+ 4,47 e 29 78,2 Sd.d
Z ¢ .97 .16 796.8 oc.
4 8.3 2 73.0 o1,
o} 3. NG} 78.5 o2.
8 R 2 74.0 S.
7 . o1 ¢7.0 .
8 . «2 78 .
oF . o3 . .
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<
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THOOPDIN OO
L]
(1 ROIENE VI RET]

19 Q.
=0 1l. . - .
21 11. o . .
22 llo * hd
2:3 lle e .
2‘1" llo 5 . - . Sie
= 3 4
:’2:’ l.ch a 5 - = -
2-55+ llo; . '3 e =l e
- 4
s+ 1l. .89 . 17,
=
ESL ll- [ r’ © 2 2
29+ ll- . O . .c 'ﬂ—‘ L d
3ct 11 7. =
1z 7
i

t‘UUJLLJOO'&‘)O(')O(,)C)O(')OO('.' DO OQOOO0OOODDOO0O0OO0OO0OOCODGCGO0O00o
®

'ﬁlUlU‘nU]".ﬂ()l\?Q\)\}‘J\]\?\J‘ll'\]\'1(',0'\'1\'1-\')‘-3\')\7\']([)\1\'1\'1@\

4 &
5 3
8 4
. .5 . 5. i
22 v . 4, &3,
23 4,1 lenk 0. B4,
34 5.0 lank 1, 63,
35 8.4 lenk 2. 3B,
38 12,2 Rl=nk 7. 65,
37 - 12.2 © Blenk 4. 2.
25. - . ate © Blunk | 7. 00,
B 50v, Glycerol Solution
3G . £,47 0.2¢ 82,0 80.4
L0 5.89 0.2% 84,0 61.3
41 0 5.91 3.31 . 88.0 55.2
49+ 6,92 0,37 ' 34,0 51.5
43 7015 - 10,40 ' 85.0 37,7
a4 10,05 0.83 84.5 56 .4
45 0 '10.51 Q.79 . 88,5 54.9
46 11,18 10.73.. 0 . .82.0 32,5
47 - 11470 o.81 . . .90.0 £0JB

;- Formaldehyde
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2 GRAKS COLLAGEN POWDER
TANNED 24 HOURS
IN 10C kL. OF 0.1 M. PHOSPHATE BUFFEZR
o= PH = 6.92 - 7.43
@ pH = 11.31 - 1l.82
90 : 80
. Fo ki &
w
O e 2
e
/
% 70 ~ 70 B
M | : s
| °
e} 2
. 8
o
3 50 S
M z
g 3
50 ot —&] -O————’——lf”
@
! 40
40, 0.2 0.4 0.6 0.8 1.0

¥111imols of HCEO Fixed per Gram of Collegen

%% TICURZ Y ‘- ﬁ

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A
Ty

1. The formuldehyde tonned riber when hesated neur
its shrinkage temperuture exhitbtited striking contortions
berore rinully contracting into & short stroigent rod with

o decided decrecse in velum:, On cooling i

tie smount of combined Formcldshyde increused.
ad

S. There scem tc te no definite relution betuween
chrinles- temperstuyre and degree of sk nrinka-e L 1th the emount

of combined reormaldehyde in the »H rance covered. However,

4. Tpe percentage,reoovery ﬁheﬁ th tcnnéd collagen
‘fsamgleé wgreihllo 2a o sténiszr.l day inérééséd ~ith the
 aLoWnt 5i_c5¢bined fofm;ldehygézfer; nélcs tvnﬂvcigt_; E
 va1uekbéle“7Q5; ;t'hi;heruéﬁ V;lues there.éee:eé_ﬁo*ba &

 dscrecse in percenteze. recovory with increasing 97 viluss

L
{\

in soite oFf wn ihcrease"in tVe uroupu of comlined formeldehvie,
The .results ure showﬁ;in'Tablé "TIL;

5“." ’DGI‘C:,I‘JCC; e I“:C‘,OV‘Q’Pv

(D

s ullo

‘(I

d to_stand

C ey

. Thus

= H"

~inal va lue
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cent shrinkage and
rirst hour,
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niechenism of
Oobservations
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the flnhlecules

the

(2

vilency vonds’

nd the vibretionsl forces due

di iduel moleculss will tend

the l'égitation'is sufficient

chain'attr Cblona,

anq the chcwns oollqﬂ*e on thnsmse

vesas A bn
ImGe

ver

Salils

Teble VIII begen to shrink at 309C. an

+

85.0

fuctorse

sh
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i

ent recovary

to shelke them avart.

tc

the chein‘uundles mey be ‘ssid
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that affect the
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wnything that interferes with the sclveztion znd interacticus
of the side chains that form the rungs of the polynentide
~rid, or with zny inter-chein linkuzge Tfor that metter, must
inevitebly intluence the thermsl transrformwation temmerzture.®
The mechanism of shrinkuge of formaldehyde tanned
collagen fibers can be explained in the roliowing munner:

The thermul agitetion recuired to overcome the attruc-

Pa Gt —— A 2+ ~And L e aida . in ot e smas tarn
irCce ominge B JUuns oI e 2oL lub N gillS-Cluln mImust DS reuilel

than the interchain attrection dus to the sult linkzge since

con pe 2xplilned as the result of The slsctroststic aiiruc-
tion betwsen neishboring rungs oI the »olyssoptids grid,
3uch « mechaznism of electros*oulc attrection endé renulsion

the svellins in weid, neutrel, ené alkaline solutions. -Thi
electrostatic sttrzction will be less the nigher the 2 vzlue

2}
}.
N
m
>
3
}...J
(l
=3
jost
n
ry
<
cl
jng
®
)]
o
~
»}
e
v
@
¢t .
BRI
=
e
m
4
4]
ct
o
H
o
(o]
=)
)'43
O
I
3
IS
!_
[on
W
1)
t.q
[of
o

bers become less sher: =ndé the shrinkdge
less the'greater the emount of combired formuldehyde.
h

"Swelliing is the mejor fcetor affecting

% the percentaze

- recovery. . Colligen fibers swollen .in tcid @nd slkaline medie
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.

during tenning will mot be «ble to recover the originul un-
contrected length when wlloved to stawnd in weter with « DE
in the isoelectric zone. The dirrerence in the de res of

svelling <t the two pE volues will more or less aetermine

. Ve oen PR Fame A

the o cent recovery Afleil uie COl.L SEn 110cT8 controect
- P ERETE TR S rmran ~ T T 2T A v +hmeoras e

much oI the svwell wilerl widll D2 CXUTLigl D4t Ll v 4o

decided deceresse in the velume ol the contracted fiver., =t

the seme time nert of the comblned formuldehyde will be lost

venamhineg with tre colluzen resctive srouss &s the temnera-

ture woes c¢o.n. circe the coucenitration of tre COSitively

Q
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w
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‘oonsiﬁercfidnslthz'reéoverf will be mox2 or - less g‘

reléehvde cormtiastion will be rel:mtively swzll.
The  shrinkege temperciure, Sirlixs
Lo K . ~ . . 'A K : = ‘,,, . .
recdvery oF previously contrectsd semnlss v 1oh weTs JMUCH

ey

B ", . N e = o . . L2 :,4_5'(: 4
‘lower then the originel velues Coh DE ettributesd pq_g-
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previous treztment.

7. The Collagen-Formuldehyde Reaction

in Organic 3olvents

ct

2 L

"
-

’U

method of washing with sodium sulrfi
not be used for feormuldehyde tannage in organic solvants,
Drving in the vecuwn oven and sheaking 1 dsy in 100 mli, of

the solvent used for tanninz, were resorted to. The ovrganic

resnective solvents. They are then allowed to stand over-

ni-ht =nd filtered from the »olymerized formuldehyde sedurat-

ing out from solution. Pellsts of potassium hydroxide were
zdced to the benzene =nd chloroiorm while being seturzied
with formaldehyde gas fo1~ the solutﬁons used for semnles 18

to 29. T‘e,alkull was added‘to inhibit nolymerizztion. The

The amount of combined Formaldehyde in ethyl slcohol ¢nd

The formzldehyde combination in the two sclvsnts at. alkalins_

3
oy
O
(I/
O
LG
n
[0}
O
1~
"‘.a
i

 vH weluss in much less then that OC“hrrln’ in ¢

lt

oD

explanation of the

.'4‘

“tions of the same vH. Th

4

- 3 3 o 3 .H 3 ~
obtzined mey be zttribu

o
0

k=7

to the chénge in ths px values of

et
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the reactive amino groups in ulcobolic solutions. .mino

acids and their peptides exist dredominantly in the zwitter

m

ion form in alcoholic as well us in squeous soluticn. Jukes
end Schmidt (11) huve shown thxzt the vX velue of the -cmino
group of lysine does not chasnge at ull in slcoholic solu-
that of the -cuanidino groun showed & marke

increzss from 12.48 to 14.1 in 72 per cent ethyl alcohol

soluticn.
The tunnines regults in chloroform showed that the unecom-
e Tannling ITesultse Al Chiloroeloerm SIliogwed Tz ne uncoen

bined formzldehyde was easily removed by shaking the tanned
sarnles in 100 ml. of chloroform. On drying in the vacuunm

overn szmple 20 tanied in chlorolform wiieife voltaSsiulg tyaroaide

nellets were added retsined more of the cnmhined PAarmaldcehyvda
MO AT VO WO LT - T o ow WA adaDONM e e e vdaT RAZ S RO A A L R S S S
B -~ - 2 a L4 =2 - o e P TR, S L -
nzn szmnlie -, vThisg geems o inglicgste Thzt scme aixkall is

needed to mske the collagen-formaldehyde combinction stuble

11
dehyde 15'high in chloroform anG benzeneé in spive Of the fact
th;u no alkali wese 1rese“t ii solution. This 1s very marked
in benzene where uhe concehtrgt on of forme ldéhyde is com-

paratively lovier. It mayv be thug the orot°1n zwitter ion

n-nclzr solvents.

tcutO"

(7]

‘Dasses over t '*s uncnarge

=
s

e

o]

—nétheL Jrob ble contri buting f ctoJ is the nolymerizstion.

of Iormc7aehydp in such solvents. r.bsof_‘;)ti‘on'}lsf)e}::‘c.ra |

mesa surcnente huve ShOML trﬂt.*ke cher »cberlstchabserﬁiQn‘due

to the doubl° oond of Lhe chHqul groqpinngs glﬁoét ¢om-‘ |
. . [ S £ o

.'vlr

1 hY
-—J

e

a e
s e

s

.’_

DLeoely~absentvin'aqueous?soluuicns glthough
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observed in solutions suclh as chloroform or benzene (18).
Thut formcldehyvde is present in the monomeric form to a
creater extent in benzene zand chloroform then in ethyl
alcohel and methyvl alcohol is not unlikely.

Formaldehyde is only very slightly scluble in benzene
und tunning experiments huve to be limited to dilute solu-

tions. Some quite interesting results were obteined, how-

ever. In very dilute solutions (samples 23 znd 24) &ll of

Py . - Y

soilution was tuxen up oy the coilazen
samols (0.28 millimols = 0.0168 g.). The results for samples
1

ittle of the formaldehyde take-up

. -~ . B DA LT A demvmrmm A en e Y A Y A~ S INN

was removed vy Shicnilyg Uhe Tanil8ld SAmTis8 + QEF 34 4Ly =l
of benzens., To verify whether all of the Tormsldlehyde take-
un ie in combined Torm samnie 2¢ was rinsed with twe 8C =l.

of weter instecd of benzene. This brought down the rormal-

dehvyds tere-u? from 1.04 to 0.66 millimols showing thut a

frection of the formeldehyde tzie-u? wes just wdsorbed on

~n explanation of the results obtzined in orgunic sol-

vents may be triced to their dielectric constents =znd dinole

- Table X
g Dielectric Constent Dipole ioment
Substance pist o4 200 €. ¥ 10-18e.s.u.
Benzene . . 2.28 0
Chloroform - 5.05 1.15
“thyl zlconol - - 24.90 1.7
..ethyl alcohol 33.0 %.;

T aaa LT L

80,0 .
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TANED 24 ECURS
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The stability of the collugen~-torrzldehyde combinution,
i.e., the attrsction between the resctive umino group wnd the
formaldehyde molecule will be greater in the solvent with a

lower dielectric constant.

The sdsorption orf feormaldehyde by the collagen sumples
in benzene sclutions may be attributed to the sttraction of

two divoler comnoundés in « nomn-polur golvent. It muy ulso

be steted that a substence is =dscrbed the better rrom

To studry the compar=ztive revction rates in orgenic sol-

vents o non-nolar orgunic solvent, benzene, and & n»elar

it will be noticed that the reaction rate curve in benzene

The cets obtzined are not sufficient to draw’definite‘

°OlV”nu on thé ii~pler charueter of ths collsgen mey huve to
be couplaere@ and therefore necessitute further detgiled
»1Qvest1~_tlono. T+ ie interestin. to note too, thet &

steble bOﬂDlﬂuElO” approximeting the 1:1 collugen-formelide-
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hyde reaction occurs even in organic solvents.

Summary and Conclusions

1. & ran’id and erffective mathod oI removing uncombined Tor-

muldehyde vas develonsd.

3
© -+ 3 - -~ -+ ~ A - i o~ ~ X ) =
2. It was shown thut formuidehyde »olymers could act ciffuse

through the cecllugen fibers cnd therefore could znot tize purt
in the resuction. The role of nolymerization in the nrocess

ing wWe9 Zi<sn nregsented.
1ns Wigs wls2 Dresenteq.

of wes

yue

Ou
';‘)
{

v
u
-+
(@)
B
v
[
0,
M
o3
<4
[
©
{

n

3. The reaction bestween the collg,

2 Gilscussion as to how the law 0I mass action could be
antlied to the collaugen-Tormaldehvde recction was »rescnted.

. , o e _
5. agin exneriments cshcowsa that the 1:1 colla

8. It wzs shown thuat other fuctors affescted the shringage

o ey - ~ Y =res - + = “— - -~ -
7. The 1:1 collegen-Tormalcéehvde reccticon was iouns to t.kKs
nlzce in orgesnic solvents. The neture o1 the solvent cirscted
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