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The Verhave rayon spinning bath, or one ot its mu.1 mo41r1oatiou, 

is used.in every artificial silk plant that employs the viscose prooeu 

tor making rayon. The torm.ul.as used in making up these baths are. all 

empirical end all patented; but, in general, they are acueou solu:Uou 

ot sulfuric acid, anhydrous sodium. sulfate, and hydra.tedmagr1esi•.sul-

t1rte. The viscose •syrup" which is forced in.to the 'bath w tom "118 

filaments o:f' rayon is extremel1 alkaline w1 th socli• hydrox14e, sodila nl• 

:f'ide, and other substances. 'l'hese react with the acicl ot the sptpntag k'\11 

and cause it to become· •spent•, :more or less rapi411. A •apu:t• 'bath is 

regenerated by addition ot acid and salts, the aa>uts to be adde4 beinc 

determined by analysis. 

As tar as is k:nollll through empirical obsern.tion, the effl~1•neyot 

the spinning bath depends solely upon a property which •Y be oonYeDiqtlJ 

termed the •acidi tY". A spent bath is one which is no longer aoitie no"lll 

to react with all the basic compounds present in the 8J'?'Ul),. aJMl. 1daieh ti&eN-

tore gives an interior filament; a bath which is too acid will also caue 

deterioration ot the tinal product. 

Since the tu.notion ot the bath is to convert sodillll hydroxide into 

sodium sulfate and sodium biaultate by reaction with sulfuric acid, the 

acidity of the bath varies w:l.th•change in the percentages ot the original oca-

ponents. I:f' this were not true, the bath could not be regenerated by addition 

of further quantities ot these original componen:ts. 

Also, it is reasonable to suspect that the acidity ot the bath, an.cl 

therefore its efficiency, is directly connected with the pH, if such is 

measurable. 
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This study attempts to correlate, by means of the hydrogen elec-

trode, the variation of the pH of the Verhave spinning bath with eb.e:nge 

in composition in respect to sulfuric acid, sodium sulfate, and magnesium 

sulfate. 
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II. ~m&'l'IOAL DISOUSSION 

The use of the hydrogen - calomel cell for pH measuNments, still 

the standard electrometric method in spit~ of the growing popularity of the 

glass electrode, is based on fundamental principles and assumptions which 

should be outlined carefully here as follows: 

If there is set up a galvanic cell of the form 

Pt, H2 (1 atm.}, H+, salt bridge, Hs*', :Hg()l (s), Hg(l), 

a reaction takes place wherein electrons move through the cell f'rom right 

to left. Tb.is movement creates a difference of potential between the. two 

poles of the cell; and this potential dif'f'erenoe me.y- be measured in volts 

by connecting the poles of the cell to a suitable device, such as a poten• 

t.iometer. 

If we assume that the electromotive force thus measured is caused 

entirely by the difference of potential between the two electrode SUJ."fao•~, 

and neglect any effects of junctions of two solutions of ditterent con-

centrations, we may, from thermodyruunic eons1derations1 , write 

(ll 
where E: Observed EMF 

E0 = electromotive force of the cell when 8trt' = l 

= electrode potential of the calomel electrode 

R = gas constant in joules per degree= 8.516 

T = absolute temperature 

1see Getman and Daniels, Outlt.nes of Theoretical Chamistry, pp. 431-435;6th ed.j 

Lewis and Randall, Chemical Thermodrnamics, p. 403 
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F: the faraday: 96,494 coulombs 
5.H+ = Activity of the hydrogen ions in the solution surrounding 

the hydrogen electrode 

Keeping in mind the limitation of equation (l} imposed by the 

assumption made above, we may insert the indicated constants, change to 

common logarithms, and obtain 

(.000198T) log l - {2) 

Since all liquid junction potentials have been neglected in de-

riving equation {2), it is necessary to reduce these e:f'f'eots to a neg--

ligible value before the equation becomes valid. Liquid junction poten-

tials are caused by the difference in rates of migration ot the ions in 

two solutions across their junction. This difference in rates is caused, 

(in turn), by a difference in the concentrations of the solutions EQ:id by 

a difference in the mobility of the ions those solutions eontain. Because 

potassium ion and chloride ion have very nearly the same mobilities, it is 

found that interposition ot a "salt bI"idge• ot potassium chloride solution 

between the solution surrounding the hydrogen electrode and that aboTe 

the calomel reference electrode, tends to minimize the ettect of the 

liquid junction potential. The junction potential has never been com-

pletely eliminated, but when the hydrogen ion solution is very dilute, it 

may be disregarded in ordinary pH measurements when a potassium chloride 

bridge is used. 

When the solution around the hydrogen electrode is concentrated, 

however, or when the electrolytes it contains are of different valence 

types, the liquid junction potential becomes more pronounced; and equation 

(2) is no longer strictly applicable 
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pH and Hydrogen Acti vi tz 

The product of the concentrations of hydrogen and hydroxyl ions 

in any aqueous solution may be written as a constant at any one tempera-

ture, 

0:a:+ x CoH•= K (3) 

At 25°c. this constant is very nearly equal to 1 x 10-14 
t 

O:a:+ x c0H- = 1 x 10-14, so that (4) 

Written in logarithmic form, this equation becomes 

log _!_ -f log 1 = 14 ( 5) ea.. 0o~ 
The first term of this expression has been designated as the pH value of 

the solution under consideration. Substituting this notation, for every 

solution at 25°0. 

pH t pOH = 14 (6) 

Thus a solution which is exactly neutral has a pH of 7; an acidic 

solution has a pH below 7; and a basic one, above 7. From mathematical 

considerations, at least, there is no reason why the pH scale should be 

limited between values of O and 14, as it generally 1s. A very acid 

solution might conceivably have a pH of -.5 and a pOH of 14.5, and still 

agree with the pH equations expressed above. 

Equation (2) may be rearranged to give 

log .J..._ : E - E0 (7) 
8H+ .000198 T 

In dilute solutions of hydrogen ions, it may be assumed that 8:H+ is equal, 

or nearly equal, to "1!+. Upon making this substitution, there results the 

ordinary equation for calculating pH from the electromotive force of a 

hydrogen-calomel cell. 
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log _!__ • pH = 
Cili .000198 T 

E - Eo (8) 

It must be remembered that equation {8) is derived by making two 
radical assumptions: that liquid junction potentials are eliminated by 

the use of a salt bridge, and that hydrogen ion activity is equal to 

hydrogen ion concentration. Both ot these assumptions are per.m.issible 

in ordinary work, in dilute solutions (up to O.l.M total conoe:ntration). 

What happens when both of the limiting conditions are disregarded by 

using a very acid solution, containing large amountso:t salts of different 

valence types? Such a solution is furnished·by the rayon spinning bath. 

The constant E0 in equation {8) depends upon which ot the three 

types ot calomel halt-cells is used. 'rhe three types are named deci..; 

normal, normal, and saturated, according to the concentration of the 

potassium chloride solution which is used in making up the hal:t-oell an4· 

the salt bridge. The saturated calomel electrode, which was used in this 

work, has an electromotive force (E0 ) ot + 0.2458 volts at 250-0. 



The Potentiometer 

A voltmeter cannot be used to measure the electromotive force 

developed by the hydrogen-calomel cell because it draws current trom 

the cell and rapidly causes polarization. An ideal device tor measuring 

potential differences with no current flowing is the potentiometer. The 

essential features of' the potentiometer principle are represented in 

figure l. 

AB is a wire of uniform resistance over its entire length, so that 

when a current is sent through it from the storage cell O the fall ot 

potential in every unit of length from A to B is exactly the same. AB is 

graduated in units of' length. The cell E whose potential is to be measure4 

is connected, through a galvanometer G, to the wire AB by means of the 

movable points Sands•. The polarity is reversed, so that the tall of 

potential ea.used by the unknown cell is :f'rom S' to s. When the circuit 

is momentarily closed at K, and the distance SS' is adjusted so that there 

is no deflection of the galvanometer, then the electromotive force ot the 

cell Eis exactly balanced by the potential drop from S to S', and is 

measured by the number of uni ts of' length of AB included in the distance SS'. 

There remains to be :f'ound the fall of potential in AB per unit length. 

This is done by inserting a standard cell in place of the unknown cell E. 

If the known potential of the standard cell is, for example, 1.0183 volts, 

the distance SS' is set to span 1018.3 units of length and the resistance R 

adjusted until there is no de:f'lection of the galvanometer when the circuit 

is momentarily closed at K. Then the fall of potential from S to S' is 

1.0183 volts and for each scale division of AB it is .001 ~olt. 
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Figure 1. Basie Scheme ot the Potentiometer Circuit. 
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III. 
A. ApPare.tus :Materials 

In order to eliminate as muchu possibleof' theliqu14 junction 

potential, or at least to render it constant enough to obtain reproducible 

readings, the flowing liquid junction f'irst used by- Lamb and Lal"son2 Mus 

employed in this investigation. A diagram. ot the complete eleetrod.e 

system is shown in figure 2. 

The platinized platinum electrode dips into the Ul'Jlm.own solution 

at A, and the h,-drogen gas bubbles over it under a pressure of about one 

atmosphere. The hydrogen was made in a JCipp type generator, from a tech;.. 

nical grade ot zinc and dilute sulfuric acid. The gas was washed in 

dilute sodium hydroxide to remove acid, in pyrogal.lol solution to rGOTe,; 

oxygen and other oxidizing agents, and finally in distilled water. 

The calom.el cell at B wa.s made t'rom electrolytic mercury and elec-

trolytic ca.lom.el. The sa+t bridge, a saturated oalomel - saturated potas-

sium chloride solution, extends from B to C, and Dis a reservoir ot the 

same solution. 

In order to make a sharp liquid-liquid junction at O, the liquid 

with the smaller specific gravity, in this oase potassium chloride 

solution, mu.st be uppermost. When the junction is to be renewed or fresh-

ened, the stopcock in the sidearm is opened and both liquids are allowed 

to flow out simultaneously; the potassium chloride from the reservoir D 

and the unknown solution from A through the capillary tube E. When only a 

few drops have been allowed to flow of':f', the junction at O 18 sharp, and 

the stopcock is closed. 

2r.amb and Larson, "The Flowing Junction", I:..~-~-~-, 42, 229, (1920} 
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A Leeds and Northrup No. 7665 potentiometer was used through<>ut 

this investigation. The standard cell was a Weston type, LOl865 volts. 

The working current was furnished by two single Edison cells in serie~. 

The galvanometer was a Leeds and Northrup No •. 2420. All leads were 

of 18 gauge copper wire, insulated. 

The chemicals used in making up the spinning bath were as follows: 

B. Procedure 

HaS04 , C.P., 93.3~ by analysis 

Na.2804, C .P. e.nhydrou.s 

lf8S04• m2o, u.s.P. lpsom salts 

Distilled water 

S_everal platinum electrodes were ma.de by sealing platinum toil 'ill.to 

one end of a Pyrex glass tube and t1i1ing the tube with mercury. The Pl4Ii• 

inum tips were thoroughly cleaned and coated with platinum black by een-

necting two electrodes at a time to a six-volt source of current and 

immersing them in a chloroplatinic acid solution. The coated electrodes 

were kept in distilled water until used. Before being used in a spinning 

bath solution, each electrode was checked in the potentiometer circuit by 

measuring the EMF developed upon immersing it in a standard potassium acid 

phthalate solution, pH= 3.85. 

Five series of solutions were made up, with varying concentrations 

of the compounds composing the rayon spinning bath. In every series, the 

solutions were made by adding sodium sulfate, water, sulfuric acid, and 

magnesium sulfate, in that order. A complete series was made up, at one 

time, and the EMF readings made as soon as possible on the whole series of 

solutions. 
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Series I. Sodium sultate, 16% 
Magnesium sulf'ate, 30% 
Sulfuric acid, 1 - 12~ 

Series II. Sodium sulfate, 0 - 1~ 
Magnesium sulfate, 30% 
Sulfuric acid, 9% 

Series III. Sodium sulfate, lP - 19% 
Magnesium sulfate, 50% 
Sulfuric acid, 6 - 15'& 

Series IV. Sodium sulfate, 1~ 
Magnesium sulfate, 0 -
Sulfuric acid, 9% 

Series v. Sodium sulfate, 16% 
Magnesium sulfate, 24 - 34% 
Sulfuric acid, 5 - 15% 

In each series, the variations in composition were maie from 

normal, or standard, composition, as follows: 

Sodium sulfate, 16% 
Magnesium sulfate, 30% 
SUl:f'uric acid, 9% 
Water, 45'& 

One hundred grams of each solution was made up; each component was 

weighed to the nearest centigram. The limits of variation of composition 

in any one series were determined by the solubilities of the salts; that 

is, EMF readings were not ma.de on baths in which the salts were crystal-

lizing out at te;mperatures above 45°c. 
In making an EMF determination, each solution was heated to about 

55°c. and poured into the hydrogen electrode vessel. Hydrogen was bubbled 

over the electrode, in the solution, until the temperature tell to a.bout 

45°c. A sharp liquid junction was made, and a potentiometer reading ta.ken 

quickly; the junction was renewed and another reading taken immediately. 

When two such successive readings agreed within 0.2 millivolt, the mean 
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or the two was recorded as the DO' ot the bath. 

E. A : ,,." ;/4c rr. 4'' 
B, c.11/4m•f A4N .. 1:e# 
C :I' 

.]) : /(C / ~~$,,. ll•iir 
E:: e.,1";/1"''}' h.de. 

Figure 2. Diagram ot Hydrogen - Ca.lomel Bell. 
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c. Experim~ntal Data 
The EMF readings for the solutions in each series are given in 

tables on the following pages. For each solution, the pH is calculated 

by the formula obtained by substituting in equation (8) the temperature, 

318°A (45°c.), and the potential Ea of the calomel cell, volts. 

pH: E - 0.2458 
0.0631 

The variations in each series are shown graphically in the curve 

accompanying each table. EMF and the corresponding pH are plotted against 

the percentages of the variable constituents. 

Table I and Curve I - Percentages of sulfuric acid and water 

varying simultaneously. 

Table II and Curve II - Percentages of sodium sulfate and water 

varying simultaneously. 

Table III and Curve III - Percentages of sulfuric acid and sodium 

sulfate varying simultaneously. 

Table IV and Curve IV - Percentages of magnesium sulfate and water 

varying simultaneously. 

Table V and Curve V - Percentages of sulfuric acid and magnesium 

sulfate varying simultaneously. 

Finally, the results are coordinated in Curves VI and VII. The 

results from Series I, II, and III, in whioh the concentration of mag-

nesium sulfate is constant, are plotted together in Curve VI. The data 

from Series I, IV, and V, in which the concentration of sodium sulfate 

is constant, are brought together in Curve VII. 
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Series I. 

Sodium sulfate, 16%; Magnesium sulfate, 30% . 45° c. ' 
Table I 

% H2B(}4 % H20 EMF in volts . pH (calculated) 

1 53 0.2954 0.835 

2 52 0.2742 0.450 

3 51 0.2632 0.2,& 

4 50 0.25'10 0.1,, 

5 49 0.2424 -0.054 

6 48 0.2330 -0.203 

7 47 0.2250 -0.530 

8 46 0.2126 -0.536 

9 45 0.2120 -0.535 

10 44 0.1991 -0.752 

11 43 0.1945 -0.850 

12 42 0.1920 -0.8'78 

Curve I 
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Series II. 

Sultu.ric acid, ~; Jifagnesium sultate; 5<>7'; 45o o. 
Table II 

'1I20 JIil, in volts · pll ( oal.Olllated.) 

61 0.2283 -0.2'1"1 

59 0.2270 -0.ate 
57 0.2250 -0 .• ISO 

55 0.2225 -O .. H-9 

53 0.2180 -0.'"1 
51 0.21"1 -0.502 

49 0.211, -0.M() 

4'1 0.2146 -0.4,'4 

45 0.2162 -0."69 · 

Curve II 

f/.o 

-1.o 
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Series III. 

Water, ~; J(agaeaia sul.tate, s~; 450 o. 
'.ra.ble III 

Raf304 Nai304 111!' in Tolts lit (oalftlateA) 

15 10 0.8005 -0.918 

14 11 O.I052 -o.'4.1 

13 12 0.8160 -o •• .,., 

12 13 0.2202 -o ... 
11 14 0.8800 -0.609 

10.5 14.5 0.8115 -o.181 
10 15 o.n9o -o.as 

9 16 o.aaoo -O • .f.09 

8 17 o.a&a -o.isa 
,, 18 0.2610 O.Mrl 

6 19 0.2662 0.323 

CUrTe III 
,30 ,f/. 0 

.2,~ 0 .(J 
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Series IV 

Sulfuric acid,~; Sodium sulfate, 16%; 45° o. 
'?able IV 

% MgS04.7H20 % H20 EMF in volts pH (calculated) 

0 75 0.2456 0.000 

5 70 0.2442 -0.025 

10 65 0.2295 -0.261 

15 60 0.2316 -0.225 

20 55 0.2525 -0.211 

25 50 0.2296 -0.257 

30 45 0.2292 -0.265 

35 40 0.2228 -0.564 

40 35 0.2170 -0.456 

OUrve IV 
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Series v. 
Water, 45%; Sodium sulfate, 16%; 450 c. 

%H2604 

15 

14 

13 

12 

11 

10 

9 

8 

"I 

6 

5 

,t." J. 7 

/j I 2.. 

Table V 

:DD!' in volts 

0.2058 

0.2140 

0.2130 

0.2192 

0.2240 

0.2263 

0.2225 

0.2292 

0.2381 

0.2457 

0.2573 

Curve V 

.21 .,_ '? 30 31 

% Mt 5 04 · 7 H:i. o 
II //) ' r ¾ 1-/2_ S 04 

7 

pH (calculated) 

-0.654 

-0.504 

-0.520. 

-0.421 

-0.309 

-0.369 

-0.260 

-0.122 

0.000 

0.183 

+J.O 

- /. 0 



0 

5 + /. 0 (D 

i:1 3 () 

I 
'11 
lj ,... ,,. 
CQ .;i. !, 0 o. 0 1:::1 

0 

EMF' JI pl-I H.I 
ti) 
(D /1\/ 1-1 .... 
(D VOLTS 0 CQ ,). I-' H 

V 

H -/. 0 
H 

w 

§ 
p.. 

.If H 
H 
H . 

,I() ~---------------------..---.---.----.-...--.....-----...--+-.:u:, 

JS .to J ff /Q 

:t liS01-



a 

(I) 

H . 
0 

i 
'd 

I-'-
to 
0 
l::t 
0 
H,i 

Cll 
(I) 
to$ ,.... 
(I) 
Ol 

H -
.. 
Ill 
\1 
<t . 

.30 

.lf 

E.MF 
tH 

vol.TS 

. U) 

.ff, 

./0 -i-o-r--r--r-r~:--'"--..-----.-----.--/4,Jj~----.-~-=~,~•-;;--:-:-,-...,...-,---;;..,....-,--..,....-,--:;_...,...-,--.-...,...-:+:--,---,---,--.----,..--.----1 '1 M,so;~ 11/20.,~ 40 

M z }/4 so,. IS tJ 

no 

o. (J 

pN 

I 
00 
0 

-1. 0 



- 21 -

IV. DISCOSSION .Q! RBSULTS 

Under the experimental conditions of this investigation, the DO' 

readings are subject to two sou.roes of error. First, there is the liquid· 

junction potential, which is impossible to render negligible when dee.ling 

with concentrated solutions; and second, the difference in temperature 

between the spinning bath and the ealomel cell makes some difference in 

the reading. A third source of error is added when a calculation of pH 

is attempted from these EMF readings - namely, the assumption that hydro-

gen ion activity is equal to concentration. The magnitude, or even the 

relative weight, ot any of these errors cannot be calculated by any present 

methods. 

However, since the concentrations are all of the same order; sine& 

the temperature difference was constant; and since readings were made with 

a flowing junction so that the liquid junction potential would be nearly 

constant - it may be assumed that the values obtained represent at lee.st 

relative pH values. On this assumption, a study of Curve III, obtained 

by varying simultaneously the concentrations of sulfuric aoid and sodi'Wll 

sulfate, is interesting. If' the flat portion of this curve represents a 

series of' solutions of different concentrations, but of the same "acidity", 

then a spinning bath solution made up with 12% sulfuric acid and 15" sodium 

sulfate would spin the viscose syrup as well as the standard bath contain-

ing 9% acid and 16% sulfate. Moreover, since the acid in the bath is con-

verted to sulfates during the spinni~ process, the bath with the greater 

acid content would have a longer life than the usual bath, and during use 

would change in concentration along the flat portion of Curve III without 

changing in "acidity". 
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The greatest buffering action o'f sodium sulfate on sulfuric acid 

should theoretically occur when the molal concentrations of the two are 

equal, since they react m.ol tor mol to form sodium bisul:f'ate. This point oc-

curs about midway of the flat portion of Curve III, at 10.3% acid and 14.~ 

sodium sulfate. 

Variation of sulfuric acid concentration alone produces the ettect. 

in curve I, that is to be expected. The pH falls oft rapidly at first with 

increasing concentration, then levels oft near the point where the salts 

begin to come out of solution. Variation of sodium sulfate concentration 

alone produces very 11 ttle etteet. A comparison of the results obtained by 

varying sulfuric acid, then sodi• sulfate, then both together, is given ia 

Curve VI. The same comparison, varying magnesium. sulfate instead of sodiUt 

sulfate,ia given in curve VII. The effects in this case a.re much less marked. 

It should be of interest to study the quality of the rayon produced 

upon spinning with the solutions of varying concentrations as used in this 

study. Especially is this true of those baths represented by the flat 

:portion of Curve III. Further work in this investigation should also include 

a comparison of the EMF readings obtained with a hydrogen-calomel cell and 

with a glass electrode. 
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V. CONOLUBIONS 

The electromotive force of various com.positions of the Verb.ave 

Rayon spinning bath, as measured on the hydrogen electrode, gives some 

negative pH values when substituted in the usual equation tor obtaining 

pH from EMF. It is extremely doubtful that the hydrogen electrode 

measures pH, With solutions of such high concentration. 

Changes in concentration of sulfuric acid produce more marked 

variations in EMF than do changes in concentration of' sodium sulta:te and 

magnesium sulfate. 

Several spinning bath solutions, of different composition with 

respect to sulfuric acid and sodium sulfate, ere found to have the same 

EMF. AJJ.y one of these baths should g1 ve the same qual.1 ty ot rayon, and 

the one with the highest concentration of acid should be the most 

efficient. 
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