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Introdustion

This project was underteken to study the Hofmelister
;?q!?w and Loeb's contention that 1t s incorrect.
{ v
wiae.- The protein shoosen for study was gelatin,

{95

.5  The three salbts used weressodium Mqu.nmﬂn
acetate and sodium nitrate,

Historical

'1In the development of the Hofmeister series a
serious error has been commitbed,nsmly,the neglect of
measuring hydrogen lon concentration of the protein solutions
and protein gels.''This was taken from Loeb's book"and
desoribes briefly and clearly why the project was undere
taken and what was hoped to be decided.

Hofmelster claimed that the visccsiby of protein
solutions,along with several other of their physieal properties
snomely,osmotie pressure,solubllity and swelling is direetly

affected by elestrolytes.He elalmed that each fon affects
these properties differently and in a characteristic menner
and definate order.

For the swelling of gelatin the Hofmelster series is:

804 C tartrate (asetyte <01 Brd W9, CON3
where swelling is maxbmum in CN3 selution.

#+ Reference one
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Loeb's work came out some twenty years later and from
this he sald thet Hofmeister had neglected %o take the
pH of the solutlons into consideration when he formmlasted
his series and therefore the series were mot velid.He claimed
that the only lmportant fastor in the effeect on proteins by
eloctrolytes is the valence of the fon.All monovalent lons
will depress the viseosity of a protein solution in the same
way and to the same degree.
This 1s the problem as 1t was started in September,1950.

By taking pif into comsideration and keeping all fastors

possible constant,varing only the consentration of salt used,
an stbempt was made to declde the question as to who 1s correct,
Hofmelster or lLoeb,



Apparatus:
Comstant temperature bath,Ostwald pipette(viscometer),
Beelman pH meter,purified gestin,several chemiecally pure(C.F.)
olectrolytes and & mm

Ostwald FPipette

Cappillary. .

T™he time of flov of 1iguid between the two lines is taken
with & stopwateh.The lower reservolr is filled with five
nillieliters,



Frocedurs

An attempt te purify the gelatin to be used by dialysis
was made.This was dene by pmnm a one percent solution
of gelatin in pure ﬂhr..

The solution was placed in previcusly prepared eolloidian
memobranes snd dlalysed in running distilled water.The
viscosity was taken before the dialysis was gtarted and during

the dialysis,
The apparatus: . A
"""""" Y %‘ .f //
g éf I______———j = SR B SN
(7
N " /

The process was abandoned becsuss a noticable change
ocurred in the solution within two days.Ccagulation had
oscurfod and a mariked increase in the viscosity of the
vemaining solution was noted.

The gelatin used was obtained Eastman Kodask Campany
through the Will Corperatioen.It was from Lot 181 and the
label read:

pH of 1% sclution 5.5
Isoelectric point 8.5

The constant temperature bath was keot at 30°%6.05°C.
Thirty degrees was choosen begause it was above the msl
roon temperature,and at this temperature the viscosity of a
gelatin solution doesnet change appreciably on standing,#The
tfime of measurment was kept asconstant as possible dus to
fact that viscosity changes with time,
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The salt wus made up in concentrations of,0.500 molar,
0.250,0,06°5,0,0156,0,0029 and 0,00097 molar.These sclutions
wore then brought to the pli to be studisd.A selution with
ne eleetrolyte was also run bea,

To 0,400 grams of gelatin twenty millleliters of

distilled water was added.The mixture was headed to sixty
degrees and stirred until a clear solution was obtniaod.
Aeld wam sdded to the solution wuntil it was brought to the
desired pH,.T¢ this twenty-rive millieliters of the ym.vi:ixy
prepared slectrolyte wore added snd the econtents mixzed and
brought to a tetal volume of fifty millleliters.The pH wae
again cheocked on the BDackman pH meter.

The rifty millielisérs of solution were then placed
in the constant temperaturs bathk and allowed to come to
thirty degrees.

The viscometer was cleansd and dried befors esash run,
The ressrvolr was then f1lled with five millieliters of the
solution.The liquid was then drawn into the upper reservelr
and the time for 1t to run out was taken with a stepwateh,
Alike run was wade with dlstilled water.

The liquid was allowed to pun through the seppillary
five times.The average time was recorded and used in figuring
the relative vissosity, |

The viscometer was then olesned and dries! and made
ready for the next run,

Relative viscosity --
time for water alone



pata ... |
HOl added = Conc.of salt . time relative viscoslity

.
s

at pH .0 with NaCl ,m used 0_.109 normal
1,70 ml. 0,500 . 136.4ses. 1.470
1.67 - 0,250 137.4  1.h80
1.70 0.0625 8.6 18,593
1,70 10,0156 156,2 1.878
1.71 0,0029 182 .1 1,968
1.70 0,00097 223,58 2,038
i.71 pure{no salt) 193.8 2,088
Sk . water ' 92.7 R

® water 109,0

at pi L4 with HaQl
1,70 0,500 ~ 151.2s00. 1445

1.62 0,250 153.2 1,46k
1.63 0.0628 15586 1.490
1.68 0.0156 160,2 1.53
kT 0,0029 190.0 1.818
1.60 0.00097 192.,9 1.845
1.70 pure 2114 2,028
at pH 4.7 with HaCl

1,10 0.500 153.6 1.h5hL
1,00 0,250 153.9 10467
1,11 0.0625 1544 1.470
1,00 0,0156 156.0 1.481
0.90 0.0029 169,2 1.610
0.90 ' 0.00097 177.4 1.670
0,96 pure 18l,6 1,758

Wi water 104.9 e



pata{continued)
HO1 used Gone.of sals - tlime relative vise.

‘L, in ml, molay in seconds
at pH 5,2, with HaQl :

0.20 0.500 151.4 1.458
0.20 0.250 153.6 1.477
0.20 0.0625 15h.3 1.h82
0.20 0.0156 156.4 1.503
0.30 0.,0029 161.5 1.552
0.20 0,00097 166,2 1.59
0,20 pure 167.5 1.600
o wator | 104.0 -

Up ® here it was belleved that the isocelectric roint
of gelatin to be at & pH L.7,but the data at pH 5.2 made
this doubtful . Viscosity measurments at various pil's were run
with 0.80% gelatin solutions with no salts te find the iso-
electriec point,

pH time relative viscoslity
b0 193.4 2,088
Bl 211, 2,025
b7 18l.6 1,755
5.2 167.4 1.600
5e3 157.0 1.461
5.5 151.L 1.1455 ,.....;::;iﬂtﬂv
5eb 1524 1.463

5«? 15500 1*512



Viscosity of electrolytes used:

Sodlum chloride time

115.0
108,6
106.6
105.4
105.2
Sodium acetate 121.0
112,72
108,1
106.2
103.0
time Gone.in salt
16k 0.500
160.1 0.250
154.8 0.0625
UL 0.0156
150.0 0.0029
i51.0 0.00097
151.4 pure
“wel0ly. 0 water

Above at pH 5.5 with NaCl,

concentration
0,500
0.250
0,100
0,050
water
1.000
0.500
0,250
0.050
0.010
mil,of NaCH
0.30
0.32
0.30
0,30
0.26
0.25
0.26

S

rolative vise,
1095
1.032
1.018
1,000

1,175

1,087
1,050
1.030

© 1,000

relative vise,

1.640
1.520
1.471
1.h12
1.431.
1.420
1.h442

it



Datal(econts)

ml.Hao Gone.of salt time relative viscosity
1.80 0.500 163.1 1.519
1.70 0.250. ' 164.,.2 1.528
176 0.0625 173.8 1.612
1.80 0,0156 183.h - 1.702
1.50 0.0029 187.8 1.728
1.80 0.00097 191.0 1,760
1.70 pure 192.6 1.775
- water 108,5 -
Above at pH 4.7 with Nade. |
1.10 0.500 158.8 1,522
1.30 0.250 161.2 1.548
.40 0.0625 163.1 1.578
1.20 0.015%6 170.4 1,580
1.10 10,0029 - 175.0 1.612
1,20 . 0.00097 182,0 1,691
1.00  pure 183.4 1,705
Above at pH 5.2 with Hale,
0.50m) HaOH 0.500 167.7 1,540
G.51 | 0.250 163.1 1.505
049 0.,0625 162,0 1.492
0.52 0.0156 161.8 1.489
0,50 0.,0029 155.8 1.435
0.56 0.00097 163.2 1,505
0.50 Ture 16h.2 1.512
- waber 104.0 P

Above at pH 5.5 with Nade.
A1l sodivm mcetate solutions adjusted with 0,100 normel acetis

aeid,
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Data{centt}

w1l HEO, uqné.af salt
A% pH l.7 with NaNO,
0.60 0,500
0.62 0.250
0.60 0.0625
0.61 0.0156
0.65 0.0029
0.60 0.00097
0.63 pure
wee water
At pH §.2 with NaNo,
0.10 0.500
0.12 0.250
0.10 0.0625
0.1 0,0156
0,10 0.0029
0.13 0.00097
0,10 pure
it water
At pH 5,5 with Na#Q,
0.43ml NaOH 0.500
0.h0 0.250
0.40 0,0625
Ouly2 0.0156
0.1 0.0029
0.0 0.00097
0.0 pure
- water

tine

171.0
173.2
176.8
188.6
192.2
2114,0
218,0
105.0

160,1
161.6
163.4
171.8
182.0
187.0
189.6
105,0

163.8
163.0
158,8
15645
154.0
1548
15546
105,0

relative viscosity

1.630
1.650
~ 1.702
1.795
1.830
2.039
2.079

2 ¢

1,528
1.530
1.550
1.634
1,742
1.761
1.810

Heirde

1.580
1,57
1.532.
1.511
1.490
1.495
1.508

700
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Data {cen't)

Goneentration time relative viscosity
0.500 220,90 had cosgulated--
0.250 oy v el 249
0.0625 - 252.8 | | 2.399
0.0156 | - 278.9 ' 2,648
0,0029 ' 300.0 2,958
0.00097 soveral minutes ———

water 0L o B

Above Hall at pH 3.5,adjusted to pE with two ml. of one

nommal HO1, ;

Below Hade at pH 3.% adjusted with glacial acetic acid,
0.500 257.0 : had eosgulated

" 0,250 | 286.,5 | 24413

| 0.0625 | 300,2 | 2,861
0.0156 3B 3,070

- 0,0029 360.2 3.h30
0.00097 ' several minutes ——————

m«r. ; 105.0 o o oo

In both sclutions,gelatin with HaCl and Hade,there were
what appeared tobe semisclid masses formed.Due to this and to
the cosgulation which cceured to some extent in all the solutions
the nmua are probably not exactly reproducable,




NaCl  [1.h4Sh |

PH h.7 T !
. 3“@ 1;519 lﬁm lpﬁm 4 l.m 1:77»’@ 10 m
HaliC 1‘639 lué’m ‘ 1.702 19795 :ma” 3 2,039
NaOl | 1458 |LU77 1402 |1.503 |1.552 | 1.596
.~ NaAo | 1,522 |1.548 1.578 |1.580 |1.612 | 1.691
HaliC | 1,578 1&53@ 1.550 1.63 1.742 | 1,782
HaCl{ 1.640 (1,520 | 1;&2 1:&39‘-#10“0 i.w
pHl 55 Nado | 1,540 {1,505 | 1492 |1.489 | 1,435 1.508
HaNO [1.560 [1.57111.532 |1.501 | 1.490| 1,495

e | w '

g

E
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Discussion

Salts produce a depressingeffect on the viseosity of
gelatin solutions.Both loeb and Hofmeister agreed on this.
The extent of this depression was the disagreement occured.
Losb eclaimed that the depression was due to the valence of
the ion involved while Hofmelister sald sach lon depressed
the viscosity a distinet degres,

In running this experiment 1t was decided to work close
to the isoelectric point of the gelatin solutions because it
was belleved that at this point any small varietions in
viscosity caused by the lon would be more proncunced and more
easlly notieed than at a lower pH where the conscentration

of the hydronium ion would tend to mask small differences,

All salts used were sodium selts because below a pH 5.5

gelatin is at the acid side of 1ts isocelectric point,which
means it has a positive sharge on 1it.

NIy COOH

The ion whioh affects the solution in this case is the

anion,
Gelatin is a complex combination of several sminmo acids,

Among them are!

Glyeine 33%
Proline 17.5%
Hydvoxyproline 1h%
Serine 3%

Gelatin is echaracterized by large number of polar groups
within its structurs,Pourteen percent of the amino acids
which compose 1t ars polar,of these fifteen percent are basic
and ten percent are acid amino acid groups.The polar porticn of

the molecule is the hydroxyproline part.



v ‘g
In general,protein soluticns have & high viscosity.

- The theories for this are briefly: .
‘ A hydration effect.The protein ion i1s a typical ecollotd
micelle according to this theory.The pertickd has a water
surrounding it which makes the whole particle larger end thus
givees 1t a high viscosity.The thickness of this water layer
depends on the charge on the protein,thus explaining wivy
solutions at lowsr pli's have higher viscosities,

The micelle looks like thiss

# e

et N

i / 5"’1 \
4] e, o

L
% i l

L S Y i

L, R

In others womds,proteins form a hydrophilic sol upon
addition of water.Inorder to coagulate m@h a8 system the
particle must first be dehydratsd,then the zeta potential
‘lowered below the sritiecal zeta potential.

Due to the nesessary dehydration a wuch higher concentratidn
of salt is needed to coagulate the solution,

The other theory considers gelatin solutions to be
a highly asssoclated &”maﬁo molecules aggregate together

~ to form large masses and hence increase the viscosity of the
solutlen.Water 1s taken up and held jpadekedd)in these aggregates,
Coagulation ocours when these particles grow so large
that the solvent can no longer hold them in solution,

In either case the effect of adding anions or sations

to such f¢ a system 1s one of hydration and copstetion for the

‘available water present,
When an lon is added to a protein solution 1t



-

immediatly takes up a certain portion of the water to rém

'a hydration shell around i1t.The fact t;hwb‘ electrolytes them-

selves have a relative viscosity greater than one shows this
to be true.
Thus it stands that the higher th; eonscontration of
ions added to the gelatin solution,the more water that will
be pulled from the protein miecelle or aggroegate and the lower
the viscosity will become. |
This 1s limite! to concentrations below which all
the water will be pulled fram the protein and ceagulation
will escur,
Loeb did most of his wori around pH's of 3.0,3.3
and 3.8.In an attempt te nprmaé this work it was net possible
to get any results similar to what he reported,Using acetiec
acid which has the same anion as the salt being measursd it was
found that eoncentrations of salt above 0.250 moler saused
coagulation,less consentrated solutions had visible particles
in them which caused some inaccuracy in the measurements,.The
particles sesmed to be semi~golid,
Graph seven ocontains the data reported by Loedb and
the data obtadned during the previcus years work.Losb's
datn does not eoincide with this work,The results emrm
more closely with Hofmelster's work. o
Losb lowersd the pH of his solutions to 3,0 by adding
hydvoehloric aeld even théugh he was supposed to be studing
the eoffect of the acetate ilon.
The following table may explain in part why he got

the results he did.

s



L

g
# Millieliters of HO) added to get pH 3.8

l,of 0,5 molar HOX

RaCl 0.2
HaliG 3 03
Hade Mﬁno 3

Inhis solution of sodium acetate he had more chloride ieon
than acetate iom,
To surmerize the results of this work;Hofmelster's
series ls correst at a pH of 3.5 as well as at higher pii's,
as will be seen later,loeb's contention that the only signif-
fcant factor 1z the pH of the solution does not hold,
The experiment has shown that the chloride ion has the

strongest depressing sffect of those measured,lt has the ¥

bighest hydration powesr and therefore pulls more water from
the protein,
The dapna:ms power:
Gl aceate N0,
This is shown in graphs four ,five and six.At a pH
of li.7 the difference iz very mariked,
At pH 5,7 the difference is present although less
mariked,

At the isoslectric point,pH 5.5, the same general
tendency is still present.The genmeral form of the curves
i3 similar except to the extremes to which the higher concen~
trations of salts ecause variations,This riss in viscosity

sRaference one,page 13
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may be due in a large part tc the hydreatics of the :
electrolyte and subsequent rise in viseosity of the sclution,
Chloride is more highly hydrated than scetate and nitrate so
therefore has a higher viscosity.It is more highly hydrated

as proved by the fact that it depresses the viscosity of the
protein the most.At the 1scelectric point the protein particles
should be the least hydrated and any change in viscosiyy,

assuming the gelatin stays exaectly at its iscelesetrie point,
would come from the solution added.Some wvariation may be due

to a pli echange ocaused by the salt or carbon dioxide in the air,
Gr perhaps salts may actually change the isocelectrie point.

In this respect note that in graph eight the viscosity
mintwos shifte from a pH L.l with 0.9608 molar sodlum chloride

to 1.7 with 0,0625 molar.Other conssnbrations gilve different
minimm pelints.Below 0,.0156 molar the mimmum 1s at pH 5.5.If

the iscelectric poimt 1z at the point of minimum viscosity

then it has been shifted by the addition of salt.



§-
Summary

At pii's of 4.7 and 5.2 sodium chloride,sodium acetate
and sedium nitrate lower the viscosity ofthe gelatin solution,
Tha relative viscosity starts high in each case as more
salt is added 1t is decreased.The hish viscoslty et low
salt concentrations is due to the hydrated protein cation,
the offfect of the salt is to dehydrate this cation thus lowering
the viscosity.

At a pH 5,5,the relative viscosity starts low,This is
possibly due to the smaller extent of hydration of the
zwitterion.The relative viscosity decraeses a small amount
as the salt concentratiocn imersases.As further salt is
added the viscosity incraeses an amount approximatly egual
to the viscosity inerease of the salt alone for sodium chloride
and sodium asetate.There is an abnormel increase for sodium
chloride, |

This work has proven that Loedb was incorrect when he
claimed the Hofmelster seriss was not valld,It seems that
the 5«:' Cl1) scatated !03 for the depressing powsr of the
antens holds.ihy Losb's work was not confirmed is probably
due the way he adjusted his pH's with HC1l regardless of the
sl t used.He was in reality always measuring the grfue of
the chloride ion,

The principle reason for the viscosity depression by
an electrolyte is a hydration factor.The salt pulls water
away from the protedn micelle and thus reduces thelr size

and viscosity.
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