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ABSTRACT 

A nethod is presented for the accurate analysis of 
meta-cresol-para-cresol mixtures by fr eezing-point data . 
-,faile the basic f eatures of the method are admittedly well­
lmovm, the technique presented here is new and is considered 
an iE1proveJ:1ent in speed and simplicity over that of the 
orie;inal norlcers, v:ith alsg a possible improvemi:,mt in pre­
cision. The use of freezinz-point data for the analysis of 
meta- and para- cresol mixtures containing GUaiacol is shm-m 
to bo valid, and the means by which ths entire analysis is 
obtained from freezing point data plus the guaiacol content, 
separately determined by vrell- knoYm means, is presented. 
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I. INTRODUCTION 

(A) Authorization 

1. This vrork was authorized and carried out under authority 
of Bureau of Ships Project Order 23u9/u2 of 1 April 19u2, and Project 
Order 22/43 of July 1942. 

(B) Statement of Problem 

2. Under the basic problem (c.f. Project Order 2249/42 and 
22/1.i.3) several possible new sources of phenols a..r1d cresols have been 
investigated. These include studies of several wood tar distillates 
and cresylic acid fractions derived from pyrolysis of lignite. (The 
results of this work have been forvvarded to the Bureau of Ships earlier.) 
It was found necessary to devise adequate methods for the analysis of 
m- and p-cresol mixtures and m- p- cresol mixtures containing guaiacol. 
This report presents the method developed here for making such analyses. 
It is believed that the method presented ·will prove of much value in 
any field of vro rk where the necessity of analysis of mixed cresols and 
other related phenolics arises. 

(C) Known Facts Bearing on the Problem 

J. Cresylic Acid, the fraction of alkali-soluble tar distilling 
betvreen 17 .5° C. and 230° C. ( 7 60 millimeters ) has commonly the follov;ing 
co1-:1ponents: . phenol, the three isomeri c cresols, and isomeric J\.-Y .Lenols, 
and some higher phenols, phenol and the three cresols being the most 
significant products. The fact that three of these four important 
conponents are isomerides and homolog of the fourth makes for a great 
similarity of chemical and physical properties, and narrows considerably 
the means of separation and estimation. The important physical proper­
ties of these so-called tar acids are listed in Table I, below: 

Pure 
Component 

phenol 

o-cresol 

r:1-cresol 

p-c r esol 

xylenols, 

TABLE I 

Properties of the Coal Tar Acids 

b. p. ( °C.) m.p.(°C.) 

1s1° 42° 

190° 31° 

202 .2° 11° 

202.5° 34._5° 

boil 209° - 225° 

- 1 -

20 

~ 

1..5390 

1..5350 

1 • .5305 

1..5290 



The boiling point diffe r ences are such that by di still a­
tion it is poss i ble to separate the following four fractions to the 
extent of 98~ or better : (1) phenol , (2) o-cresol, (3) m- and p-cresols, 
and (4) xylenols . Di scounting the xylenols, the only ana l ys is r emain­
ine i s tlwt of the binary cixture of m- and p-crcsols. 

(D) Survey of lfothods of Attack 

4, Numerous chemical methods have been pr oposed for est imating 
them- and p- co;npositions of their binary mixtur e , such as sulfonation, 
followed by frac tiona.l steam distillation of the m- and p-cresol sul­
fonic acids, selective nit ration of the m- cresol (by Ras~hig) , and the 
formation of unique addit i on compounds by one of the two cresols, 
m- cr esol vri th urea., p-cresol ,vith oxalic acid, the r eby permitting their 
separati on . All these methods are quite unsatisfactory as analytical 
methods of analysis , particularly for r outine wo rk, where rapidity and 
a minir:m .. 'il of oper ations a r e dE::sirablc. In addition to l acking the 
necessary precis i on, all t hese methods a r c so ihvolved and laborious 
that the ana l ysis of one binary sample by any of th2m ·would r equi r e 
one or two dB.ys 1 1'ror k . 

5. .;[i th regard to a phys ical met hod of analysis, on e 
striking di ffe r ence in the phys i cal properties of ,i1- and p-cresols 
is in their melting -points . Dawson and Eontford obtained accurat e 
meltin['.; --point da.ta for various binar y mixtures of m- and p-cresols, 
and from this data con.structed the melting- point curve of a series 
of these mixtures rrith th8 r;10l t in:::; - point as a f unction of tho para­
crcsol content of the r;iixture. They then ,rcre abl e to use the melting 
noint of such a mixture as an index of its cor:iposition, by r eference 
to th.cir curve of r:1clting-point da.ta fo r kno'.-m mixtures. (For the; 
original no r k of Danson and Eontford sec Journal of the Chemical 
Society 113 (1918) , page 935) . The great superiority of thi s method 
of analysis by mcltinc- point determination over the chemical one s 
r eferr ed to can hardly be ovorcstimated , both f r om the standpoint 
of simplicity and rapidity of operat i on , and from the standpoint of 
accuracy and certainty of the r esul ts . Consequently, all the vmrk 
done hero yras devoted. to the confirmat i on and , so fa.r as pos s ibl e, 
the t echnical ir,1provcment of the nethod of DaFson and lfontford. 

(E) Statement of the Ho rk done at this Laboratory 

6. The investigation and ,mrk done here ·was two-fold in purpose: 

(a) Constructi on of an accur ate f r oozing--point curve for 
a range of binary mixtur es made from pur e m- and p-crosols, and veri­
fication of the fact that the freezing- point co r rectly i ndicat es the 
mcta-para-cresol composit i on . 

(b) Development of a free zing-point technique giving 
·wholly n;liablc de:terminat i ons of the desired precision ( 0 .05° C.) 
and at the same time being as simpl e and rapi d in operation as 
poss i ble vrithout i mpairnent of this dependability and accuracy. 
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In the investigation of these t wo f a ctors, it was shown that 
the fr ee zing-point is a corre ct index of tho m- and p-cres ol 
composition of such binary mixtures and can be accurately determined 
by simple moans. 

7, The additional problem of analyzing correctly form~ and 
p-cresols in mixtures containing guaiacol was encounter ed, and it was 
sho-wn that on a molar basis guaiacol is precisely equal in effect to 
m-cresol with respect to the free 2 ing-point of mixtures with p-cresol, 
so that tho meta-para-crosol analysis by freezing-point data is still 
valid, t ho separate estimation of the guaiacol by other well-known 
means providing sufficient additional information for calculation of 
tho m- and p-crosol contents from freezing-point data. 

II. THE ANALYSIS OF BINARY MIXTURES OF META- AND PARA-CRESOLS 

(A) Presentation of the Method. 

(1) The Nature of the Method Propos ed . 

8. The method of analysis pres ented in this report for the 
estimation of tho m- and p-cresol contents of their binary mixtures 
is fundamentally tho method originated and describ ed by Dawson and 
Montford, namely: The uso of t ho melting-point of the mixture as an 
index of its composition, arrived at by r ef erence to previously deter­
mined melting-point data for knovm mixtures. It was found in the 
present investigation that some improvements in the technique of 
Daws on and lfontford were possible to give, without loss of accuracy, 
an analysis of superior simplicity and speed of operation, thereby 
pe rmitting the analysis of eight to a dozen samples in a day's time, 

9 . The one significant change in technique in the present 
work, making fo r increased simplicity and speed, is the taking of 
free zing~points rather than melting-points. The latter determina­
tions r equire greater time and care, and offer no advantage of any 
sort over fre ezing-point determinations. The freezing-point tech­
nique is not only much more simpl e and rapid in operation, but it 
also gives result s that are possibly more reliable. In addition, 
t he freezing-point curve is a straight line and so is more readily 
detennined, i.e., by fewer points, t han the melting-point curve, 
which is not strai ght. 

(2) Description of the Procedure and of the Necessary Apparatus. 

10. The necessary apparatus consists of the fol lowing 
equipment: 

(a) The freezing-point tube~ a 22 by 110 mm . glass test­
tube. (5 grams of sample in a 22 mm. tube will just sufficiently 
cover the t hermometer bulb. A tube of larger diameter will mean using 
more sample, and therefore is less desirable.) 
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(b) The therr11oncter - a mercury thermometer graduated 
from 0° C. to 50° C. in tenths of a degree. 

(c) The stirring device - a thin, solid glass rod, with 
the stirring end bent into a circle (perpendicular to the vertical 
handle) is entirely adequate; the stirrer is operated up and down 
by hand. 

(d) The cooling bath - a large test-tube or beaker filled 
vrith water can be used, but a transparent Dewar bottle is a much 
better container. 

11. The procedure of the analysis is as follows: The sample 
for freezing-point determination is put into the test-tube, no more 
sample than enough to cover the bulb of the thermometer resting in the 
tube being necessary; the tube is placed in the cooling bath (of cold 
water at about 15° C.), and the sample is vigorously stirred. If 
solidification does not occur when the sampl e has become fairly viscous, 
a crystal of p-cresol is added to start crystallization, which will be 
rapid if the sample has been supercooled. In this case, the temperature 
will.not usµa1.lY be . the true freezinP--:point (thf maximum temperature 
at wln.ch solidincation occurs), but this preliminary result will 
enable· t"he anc!,4-yst to ad.Just tte water in i;,iJ.A cooJ.;i,rlg bath 1,0 a .. temp­
erature only aho11t h;o deirees lo· .. er -c,han th8 "Gnlt: i·rl:::]ezing-pojnt. The 
freez:i:ng-ps:i:ht tube is then nanne<l slovrly - by being held in the hand 
until only a fevr crystals remain unraelted. The tube is now cooled 
slowly by the bath, which has been adjusted to a temperature not more 
than 2° cooler than the correct freezing-point, and the sample is 
vigorously stirred continuously. Because of the few undissolved 
crystals present, the freezing nill occur this time with only slight 
supercooling, and tho thermometer vrill be able to register the maxi-
num temperature rise. The stirring must not cease until, due to 
cooling by the bath, the temperature begins to fall. The maximum 
temperature registered during the frce 2 ing is the freezing-point. 
Tho sample should again be melted by hand warmth and the freezing-
point doterrilination repeated, with a cooling bath ovrc;n closer to the 
maximum. freezing ter.iperature. With the proper techniquo, determina­
tions on the samc" sample should check as closely as 0,05° (C.) on a 
thennomcter graduated in tenths. 

(J) Discussion of the Technique of the Procedure. 

12. While the simple procedure just presented is thoroughly 
reliable and tntir0ly adequate for correct freezing-point detonnina­
tions, it must be emphasized that the proper technique and attention 
to details are essential for such results. Tho procedure prosented 
above of making a prelirninary cooling for tho purpose ef obtaining 
seed crystals eliminates tho major difficulty of supercooling during 
the freozing-point detennination. Tho maximum freezing temperature 
is rather short-lived for mb:turcs, -vd.th the rusult that if the 
sample has been cooled to more than 1° below the freezing-point 
before solidification occurs, tho ma:::imuru fr eezing temperature may 
not be reached. In the procedure presented, seed crystals, obtained 
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from the sample itsel f by a prc,liminary cooling (followed by warminf!) 
prevent such ~upcrcoolii:iz , solidification beginning only slightly O

' 

below the maximum fre ezing temperature, which will be easily r egistered. 
(N~turally, e~cessive ~ceding f rom an outside source would accomplish 
this on tho first cooling, but such s eeding would alter the composition 
of the sample and hence the freezin~-point.) 

(B) Operation of the l.kthod. 

(1) Experimental Data for the Freezing-Point Curve of Binary 

m- and p-cresol Mixtures. 

13. 
for a series 
presented in 

The following table (II) gives tho freezing-point data 
of m- and p-cresol mixtures, determined by the method 
the preceding section. 

TABLE II 

% of p-cresol 
(in meta-para-cresol mixture) 

100% (p-crosol alone ) 
94% 
90% 
88% 
86% 
82 :;i 

m-Cresol (alone) freezes at 10.8° 

Freezing-point (°C.) 

34-35° 
29.65° 
26.60° 
25.30° 
23.75° 
20.70° 

Tho curve of these data constructed as freezing-points 
against% of p-crcsol is given in Plate I (in the Appendix). It is 
csen that the curve is a perfectly straight line ; its equation is 
Y = o.76oox - 41.65, whore Y = the freez ing-point and x = tho ;; of 
p-cresol in the mixture. (This curve does not exactly check with 
the m.p . curve of' Davrson and I.;:ontford (1), their curve being convex 
UF:rards .) Melting-points as uoll as fr eezing-points of sever al 
m:Lxtures were taken , and tho fact that the molting-points are greater 
than the freezing- po ints f or mixtures, especially away from tho upper 
ond of tho curve r epresenting a single compound (100% para-cresol), 
was confirmed; but these data are not pertinent to the problem and so 
arc: not presented he re. The molting- point technique was seen to be 
much slower in operation and l os s capable of precise results without 
012.borato tcmper2.tur c bath contol. 

(2) Discussion of Necessary Calculations (in obtai ning the 
m- and p-crcsol compositions from fr e0 zing-point data~. 

lLi. Clearly the compos ition of a mL~ture consisting solely 
of r.1- and p-cresols is krwrm as soon a s its freez ing-point is known , 
since by the curve in Plate I the freezing-point is correlat ed 
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directly with the % p-crcsol in tho mixture; the differenc e of tho 
;; p-crcsol fron 100% is the % of m-cnsol. However, this direct 
app roach i s not foasiblo for mixtures containing much more than 
20% m-crosol, and therefore melting much below 20° C., the low end of the 
freezing-point curve i n Plate I. The curve has not been extended 
lower becaus e of the difficulty of dctcrminin6 at r oom t emperature 
with an accuracy of 0.05° freezing.-points r.rnch below 20° C. This is 
particularly so because tho ma..'Cimum freezing tcmpcraturo. is shorter 
lived as the p-crosol cont ent decreases, and is quite short lived for 
para-crcsol cont0nts much bolovr So;;. 

Consequently, for mixtures havine; more than 20 _7; m-cresol, 
and therefore freezing bclovr the; lorr end (19°C.) of the curve , the: 
follonin3 procedure of analys is is r esorted to: Enouc;h pure para­
cresol is added to the unknoTm s c1npl0 to rci.is8 the freezing-point 
of the new l!lixturc. to some point on the curve ( that is, above 19° C.). 
From the final fre ezing-point tho fin2.l composition is obtained, and 
from the amount of pure p-crcsol 2dded to the knovm amount of original 
s2nple:, both having b8e:n weighed to l mg., tho composition of the ori­
ginal sample is r eadily calcul2.ted . The fo]lo.-ring exampl e Yvill make 
this clear: To 6.000 gra . of a mixture X (to be analyzed) are added 
12.000 gm. of pure p-cresol (f.p. = 34.3° to 34. 4° ). The r esulting 
nixturo, Y, ha s a f.n. of 24.90° , indicating (ses Plat e I) tha t the 

·t· fY. 188.8 :G p-cresol, and 1 .c· 1 1 c omposi ion o is1 .. 
11 2 7 

_ , · 
1 5• uince on y p-creso was 

\ • ;o m croso • 
added to X in raaking Y, tho absolute amount of m-cresol is the same 
in X and Y, being 11.2 % of the 1 8 .000 gm. of Y, or 2.016 gm. This 
2 .016 ::era . of m-cresol ,N2.s originally in 6. 000 gm. of X, so that 

X wa/~ x 100% = 33.6 x; of m-cresol, and conscq.iently was 66.4% 

1• " tl ' th ./ · sol · y vrt • of Y p-cre: so • 1~1ore compo.c y express ca, c 10 m-cr"' in x ,Ht,. 01 X -

.,, 1 . X· th y,t. y , ·' 1 . y - 16.000 11 2 ,,1 = the ;o m-crcso in , us, ---. ::-, 1o m-creso in - 6 000 x • 10 
wt. X • 

33.6% m-crcsol in X, in the above example. Consequently, the nec essity 
of ,;rcishin3 th,~ s2.mple and tho pur e p-crosol 2.ddod is the only 2.ddi­
tion2.l step ( other than c2.lcu.lation of the n :sult by the ratio ~f the 
wei ghts , 2.s shovm ) in ano.lyzing lmv-froe zing m2tv.- para-cresol nnxtures. 
·,Ti t h a supply of pure (high-fn)o zing) para-cresol on hand , any mcta­
par2.-cre sol mixtures c2.n be 2n2-lyzed by freczinG-point dctermin2.tion. 

(3) Reproducibility 

15. The reproducibility of th0 freo zine -point is ·within 
0.05° and yields an anal ysis of the des ired pr ecision. 

(L.) Facts Pertinent in the Operation of the Hethod 

16. It is important to note one fact: The freezing-point 
of the p-cresol on hand may not be 3~.35°, corresponding to 100.0% _ 
n-cresol on the pr edet er mined fr eezing-point curve . If the p-cresol 
freezes bctvteen 34.0° and 34.5° , correct r e sults co.n be obtained 
mer ely by adding to or subtracting from, as the cas8 may bo, the 
diffcr8ncc bctvrc0ri. the frc czin:;-point of tho p-crcsol used and the 
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freezing-point (Jh.J5°) uponwhich the correlation curve is construct ed. 
In all cases this simple correcti on givos the correct results, and it 
was found that tho entire curve for p-crusol free zing at Jh. 5° is 
pa.rnllcl to the on0 for p-crcsol fro ozing 2.t 34.2° , the 0.3° dif ferenco 
b eing maintained at Bo;~ p- and 90% p- as ncll 2s at lOO ~t p-. Tho curve 
presented here is c:.ctu.ally constructed upon p-crosol fre e zing 2.bout 
0.25° lm·.,or th<'.m much p-cresol purified in this 1wrk, since with tho 
correction mentioned this lower curv8 is fully 2s vo.lid as a higher one 
from sli1.3htly better p-crcsol, and j_) - crc sol fro:zing cJ.t Jh. J0 is 
obtained moro cnsily and in larger yields than Jh.5° p-cresol. 

17. Tho b e st r esults will be obtained if the fre e zing-point 
of tho mixture taken is between 83% and 93 ~b. Consequently, para­
cr8sol should always be added to sa.mple s freezing l oner than 20° 
or 21° C., and the analysis of tho original sample obtained by calcu­
lation rather t ha:ro. 2ttcmpting lowe r fr eezing-point determinations 
and cxtrr.polo.ting the straight lino freezing-point curve to obtain 
t he composition. 

An upper limit of 93 % p- cre: s ol is suE,;gostcd for low 
freezing mixtures b e caus e the nore p-crosol that is added to tho 
nixture the more -J.n error in the analysis is magnified with respect 
to the original met 2- and p2.rc1.- crosol coraposition. 

III. THE DETEPJHNATION OF EJ:.TA- AND PAPJI.-CRESOLS IE TERN ARY 
l.UXTURES vu TE GUAIACOL. 

(A) St2temont of tho Problem 

18. Guaiacol is ,:,_ component of tho mota- .::tnd par2. -crosol 
fraction from wood tar distilates and is uns0p2rablc from tho crosols 
by fractional distillation (gu2focol boils 2.t 205°, p-crosol 2t 
202. 5°, 2.nd m- crosol at 202 . 2° C.). Gu2.iacol c2.n b e estimated 
(qu0.ntit2tiv0ly) in this r:1.ixturo by the Zciscl mcthoxy an2.lysis, in 
,rhi ch hydriodic acid is used to clo2vc ths::: ether group of tho gucliacol 
( o-mctho;cy phenol). ( For dct2.ils s ec Scott I s H.:mdbook of An2 l ysis, 
Vol. II. ) A r.icans of est im2.tion of the m- and p-crcsol contents in 
this t er n ?<. ry mixture without scpnration from the guaic,col is desired . 

(B) Proscnktion 2.nd Verification of the Hothod of Analysis 
Propos e . 

(1) Theoretical Considerations 

19. No previous attempt to salvo this problem seems to havo 
been m2.d.c . Since phenol 2nd o-crosol 2. s vrGll as r,1-crcsol d ecreas e in 
2. r egul ar v-,2.y the freezing-point of p- crcsol in proportion to their 
conccntr2.tion in bin2.ry r.ixturc s ,vith it, the logic<'.:'.l c1ttack wo.s to 
determine whc1.t effect gu2.i2.col mixed in v2.rious proportions with 
p-cresol vrould have on the frc cz inz - point of the r e sulting mixture •. 
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(2) E:xporimont2l Basis of the: Method: Freezing-Point 
Dat a on Mixtures Cont2.ining Guaiacol. 

20. \i1rnn nlixtures of 0uaiacol c.nd p- crcsol a r c made up in 
the range from 80 ,Z to lOO ~s p-crcsol and tho fre e zing-points o.ro found, 
those d2.ta plotted as fr9czinr~- point/-vre i ght % of p-cresol are seen to 
lie on a straight line above the straight -line curve for mek.-paro.­
crosol mixtures (of section II). The slopes of thes e t wo lines a r e 
such that it 2ppca rs that z uaio.col is only about o.D63 2. s effective 
as an equal '.':eight of meto.-cres ol in lowering the freezing- point of 
p-cresol. This facto r 0.863 is 2lI:1ost exactly tho r2.tio of the 
molecular vveight of m-crosol to that of gu2.iacol, and consequently 
guo.i2.col effects the saI:10 lovroring of thE:: p2r2-cres:il f.p. as meta ­
crcsol docs , mol for r:iol. Therefore , if for the 2.bove- mentionod 
e;uai2col- para-crosol r1ixtures the ;'b of p-cresol is calcul2.tcd on a 
mol2r b2sis - by multiplying the weight of ~~ uo.iacol by O. 863 ( there ­
by expr essing it 2.s its equivalent weight of r.i.cto.-crcsol) 2nd using 
this modified '1v;e ighttt in cilculation of the pcrccntngc composition 
of the nixturc - the gu2io.col- par a-crcsol d8.t2., novv express ed as 
frcezing- point/mol )& p-cr osol, lie pr ecisely on the mcta- p2- r a -crcsol 
curve, 2.s T2.blo III of these do.t o. shows . 

TABLE III 

(l) ( 2) (3) (4) 

Co;:iposition -tfoi ght (;/ Hol. ·j of Freezing- Corr. 
. :f 

p-crcsol /0 /o ;ti 

of J:lixture of p- crc sol p-crGsol Point (°C.) on meta-para-
crcsol curve 

0. 4101 gm. guai2.col 91. J ;;; 92. 9 ;t 23.70° 92.5;; 
4.6033 gm. p- crcsol 

0.6075 3:1"1. gu::i.ic.col s1.9 1s 89. 4;; 26. 25° 89. 3 7; 
4. 4117 gr,. p-crcsol 

0. 8111 gm . gu2i&col 
G3. 8 ;~ s5 .7 ;t 23 -35° ss.s1; 

4.1958 sm, p-cresol 

1.0148 gin . guc.i2col 
79 . 5~& 82.0% 21.00° 82. 5 ,;; 

3-99Lrl gra. p-crc s ol 

It is evident th2.t columns (2) c,nd (4) correspond vrn ll 
(while (1) c_nd ( 4 ) do not), uhich shows thD.t , on 2. nol2-r basis, 
guo.ic-.col is c,x2.ctly cquivo.lent t o n eto.-crcsol in t e rns of froczin6-
point lowering of p-crosol. Thur cfor c , thc: _mct 2.-p2r2.-croso~ curve 
cc-.n be us ed for th'-' corr2ct o.no.lysis of guo. i2.col-p -crcsol mixtures, 
tho results being in terms of mol ,~, fror., Tihich t he composition in 
':1eic:ht ·1-$ c2.n be c c~lcul::.t cd. 

C, 
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, As furf-.l:cr proof of the molar oqui w1lenco of gu2 i s.col 
c.nG ncta- crcsol, tcr n :::ry r:1ixtm~cs of those v1ith p2.r2c - cresol were 
n2,dc up c1.nd tlrn frcczin:; - points dctcrr:1incd . Tho d.2.t2. (in Table IV) 
sho,·:, 2s in Tc.blc, III, the c', ood correspondence of the r csul ts on a 
mol % b2sis b€krcon the tcr "ri.E"t ry □iJ~turos conte.ining c:;uo.io.col and the 
sinplo me t 2- p2.ro. - cr csol nixturos . 

Composition of Hb:turc 

o. 4951 gn . 3uo.ic.col 
0.5082 £s!:1. r:-crosol 
4. 91+80 ()""I"""'\ 

o'··• lJ-croso l 

0.2263 g1:1. gu::.ic.col 
0 . 3914 88- m- crcsol 
h. lil04 3:r:1 . p-crcsol 

0 ,1968 ..,,~,, 
w•·-• guc.focol 

0.2000 ci:1 . r::-crcsol 
h.5953 gn . p - cr c:so l 

TABLE IV 

Mol % p- cresol 

88.2 

Freezing­
Point (0 c.) 

21.ss0 

Corr. ;b p-crcsol 
on mcto.-paro. ­
crcsol curve. 

(C) 0pcr.:::.tion of the Victhod: Discussion of the Nc:ccssc. r y 
C::.lculc.tions . 

21. The o:perir:1cnt2.l results in Tc,blcs III 2nd IV show that 
the presence of gu.::.io.col docs not im?.lid2.to the csti712.tion of mcta­
,-:,.nd p2r2.-cresols fror.1 f r cczinc; - point do.t::i., since the s:;uc. i2.col sinply 
influences the frcczing-1Joint :::.s an cquivnlcnt (mol2r) 2.r.10unt of mc t a ­
cresol, c.nd consoquently sho1rs up o.s such in t he resulting analysis. 
The freezing - point indicates the mol js p- cresol in the mixture _; the 
difference of this value from l 00ii: is the sum of the mol I, of guaiacol 
and m-cresol present, i. e. , the 11 total equival ent meta- cresol ll content 
(in mol ;{) . The guaiacol co;·,,position , however, is det er mined 
separatel y by Zeisel methoxy anal;7sis . This ,.,eight ,; value for the 
guaiacol composition is muJ.tiplied by 0 .863 to express i t as mol :g , 
i.e., in terms of its equivalent amount of met a - cresol. The actual 
m- cresol composition (mol ;~) is therefore deterr:iined , being the 
difference of the 11total equivalent m- cresoP value and the part of 
it v:hich the Zeis el analysis has shovm to be guaiacol (but expressed 
on an 11 equi valent N- cresol '1 basis) . The essence of the calcul ati ons 
is tlrnt the we i ght of cuaiacol be expressed 2.s its equivalent weight 
of n- cresol, by bein0 ::1ultiplied by 0 . 86J . This puts the calculations 
on the mola r basis to which the free'7in :/--:point is r elated . Consequently, 
vrhen the YJei ghts of the cresols are added to this modif ied weight of 
guaiacol, the calculations are nade in ter:.1s of llcresol equivalent 
vreights 11 throughout, or more siin.ply on a molar bas is, v,hich the modi­
f i ed wei ghts now represent. The involved nature of the calculations 
v.rill best be made clear by an exai-:cple . 

Let primed letters st2.nd for (t rue) vreights and 
unprimed letters stand for 11 equivalent cresol neights 11 • 
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(a.) The Data: 

(1) The freezing - point of the final mixtur e 
Y = 25 . 40° C., whi ch means that 
y ='OB .2~J p~ra- c r eso~ , and l 

~11.7':> /o 11·e,otal equivalent meta - er esol 11 i 

(2) 1.0181 2;,:1 1 of the ori ginal mixture X1 plus 
4 , 0100 grr. 1 of pure D- cresol ctave 5,0281 P'ffi 1 

of the f i nal mixtur ~ y, abov; . 
0 

(3) Zeisel analysis shows the ori::;inal mixture 
X' to be 22 . 22% zuaiacol. 

(b) The Cal culations : 

(1 ) 22 . 22;£ guaiacol in 1.0131 gm ' of X' = 0.2263 gm ' 
of :~uaiacol , g 1 , i n X'. 

( 2) Now thi s rre i ght , g ' , is mult i plie d by 0. 863 t o 
expr ess it as its equivalent ·weight of m- c r eso l : 
0. 2263 gm' of g' x 0.863 = 0,1954 gm . of g , 
the 11equi valent cresol wei sht1 1 of the ;;uaiacol 
lmoYm to be present. 

(J) It i s the r efore seen that convert i ng the weight 
of ::;ua i acol to its tt equi val ent c r eso l wei ghtt1 

resul ts in a loss of 0, 2263 - 0.1954 = 0.0309 gm. 
i n the fi.~ure express i ng the amount of guai acol. 
Cons equen.tly , this diffe r ence must be maintained 
i n expressing in 11cresol equivalent v,eights•1 

the vrei e;hts of all mi xture s i n which this 
quantj_ty of r:i;ua i acol i s pr esent , namely X1 and 
y t. 

(h) 'There fore , X, the 11 cresol equivalent weie;hV1 o f 
J~ ' , is 1.0131 gm ' - 0.0309 = 0.9872 gin. . 

( 5) Likevvise , Y, the t1creso l equivalent weight 11 of 
y, , is s.0281 [fl 1 - 0.0309 = 4.9972 gm . 

( 6) 3ut fror:i the freezinz - point (see (a)) , Y i s 
11.751s iltotal equivalent ;;1- cresol 11 • 

(7) 11 ,75 /4 of the h-9972 gm . of Y is 0.5368 gm . 
of "total equivalent m- cresol1' in. Y. 

(8) But 0.1954 gm . of this is guaiacol (see (2)) . 
Therefore , the actual m- cresol content of Y 
i s 0. 5868 ~m . - 0.1954 gm . = 0,3914 gm . Thi s 
i s also the m- cre s ol c ontent of I (since onl y 
p-cr e sol i s added to X in prepari ng Y) . 
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(9) The amount of p-cresol in X i s the total wei >'ht 
of X r:iinus the 11 total equivalent meta - cresol~ 
?ontent (the same in X and Y, since only p-cresol 
is added to X to give Y). Therefore, 0.9872 gm. 
- 0.5868 gn . (fron (7)) = 0, h004 gm . of p-cresol 
i11 ]{ • 

(10) The original mixture is now cor.-ipletely known, 
and its comi)osi tion in 1Height % is readily 
calculated from the true weicrht of f"!Uaiacol 

/ ( 0 o I 

0,2203 gra . from (1)) , and the weights of 
m-cresol and. p-cresol found in (8) and (9) 
(the cresol , :eights being identical in both 
systems). 

(c) The Analysis i s , therefore: 

0,3914 grn. of 171-cresol, or J8 . 45'~ meta-cresol (by wt.) 
0.4004 gm . of p-cresol, or 39.35% para-cresol (by wt.) 
0.2263 g1'1. of guaiacol, or 22. 2 ~b guaiacol (by vrt.) 
1.0181 100.0,~ 

IV CQI.!CL'JSIONS 

(A) Swnnary of Main Features of the Eethod 

22. It is believed that there has been developed an accurate 
yet very rapid and sir;iple method for analyzing mixtures of m- and 
p-cresols and such mixyures containinz GUaiacol. The freezing-point 
of the mixture is shown to be a reliable index of para-cresol concen­
tration, regardless of the presence of zuaiacol. Separate estimation 
by Zeis el ;11ethoA·-y determination of the e;ua i acol , if any is present, 
pernits the calculation of the ~r1.-cresol content by difference. The 
necessity of puttine; all calculations on a molar basis i s shovm from 
experimental data, and the calculations are-discussed in detail. 
(This is only inportant v:hen iuaiacol is present, since m- and p-cresols 
are isomers.) The technique presented of making freez i ng-point 
determinations yields results with an accuracy better than 0.05° C. 

The necessary apparatus is simple, and is readily constructed from 
glassware found in any laboratory; the recom:rr1ended thermometer is 
easil y obtainable, The curve of freezing-poi.Dt as a function of the 
p-cresol comJ osition is given for the analysis of m-cresol-p-cresol 
mixtures containing from 80;S to 100;:s p-cresol. For the analys is of 
mixtures containing l ess p-cresol, one needs only a supply of pure 
p-cresol. This is added to the sample until its p-cresol composition 
gives a freezing-point on the curve. From the final composition 
determined by the freezing-point the original composition is readily 
calculated from the weights of the origi nal sanple and of the p-cresol 
added. 

(B) Facts Established 

23. ;~ixtures of m- and p-cresols and such mixtures containing 
guaiacol can be correctly analyzed with high precision and accuracy 
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from freezing-point data or from freezing-point data coupled with 
Zeisel Methoxy Determination (in the presenc e of guaiacol). 

24. The very simple and rapid procedure of freezing-point 
determination presented is entirely adequate and reliable for freez­
ing-point determinations correct and reproducible within 0.05° C. 

(C) Recommendations 

25. It is recommended that this method be us ed f or the 
analysis of appropriate cresy1ic acid fractions when it is desired 
to lmow the composition of the mixture with respect to t he isomeric 
m- and p-cresols (and g1.1aiacol). This procedure should l end itself 
to the control of the composition of cresols for antiseptics, or 
raw material for the manufacture of plasticizers, for cable insulating 
stocks or synthetics. It has already proved to be of value in the 
exploration of new sources of phenol and cresols. 
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APPENDIX A: Purification of para-cresol and meta-cresol 
(for J:.reezing-Point 1Jork). 

For the preparation of high-freezing p-cresol~crystallization 
from ASTM petroleum naphtha gave excellent results. This solvent 
proved more effective than anytl1ing else tried. The ratio of 
naphtha to cresol is 2:1 to 1:1, depending upon the purity of the 
con.r.i.ercial ere sol. The solution is cooled to about -5° C. by 
adding drJ ice,and is then seeded with p-cresol (of any purity, 
previously frozen by dry ice). Crystallization should occur 
between -5° and -10° and should be fairly gradual, or else much 
sol vent will come out with the p-cresol. "rihen the crystallization 
is slov1ly done, as little as 15 cc of solvent in 200 cc of p-cresol 
will be foupd in subsequent distillation, with nevertheless, a high 
recovery of very high grade p-cresol. Two crystallizations and 
distillations should be sufficient, the f irst 10% and the last 4% 
of the distillate being discarded. For purifying m-cresol petroleum 
naphtha again is much superior to other solvents (mixed and otherwise); 
the method is the same as for p-cresol; the cooling will have to be 
at least to -10° C., however. 

NOTE: Pure p-cresol for later freezing-point work will maintain 
its high freezing-point -prvvi.ded moisture is kept 
away from it. Storage in a P205 desicator is 
satisfactory. 



APPENDIX D: Purification of Guaiacol (for Fr eezing- Point ~,-ork). 

For the freezinz-point vrork with guaiacol , p'J_re guaiacol had to 
be prepared from some c01mnercial material of 78 1; purity . Thi s was 
much more cifficult to do by crystallization than it had been for the 
cresols, but a technique was finally found which cave an excellent 
product in a fairly good yield (50 ;~ at poorest) . 

It was found that c;uaiacol is not soluble in petroleum ether 
under any conditions, but that in the other COnL'llon organic solvents -
toluene, alcohol, CClLi • di oxane , ethyl acetate, propa.nol-2, cyclo­
hexane, ether , and several other substances - r;uaiacol proved to be 
too soluble to cor.10 out app r eciably on coolin:; to -10° C. or -20° c. 
Using a mixed solvent , with pet roleum ether as one component, seemed 
to be the only good approach, A series of experi ments were done using 
pte (pet ro1eum ether) Yri th each of the above substances and with 
cooling as low as -20° C. ldxt ures of carbon t etrachloride, ethyl 
ether , toluene, and propanol-2, with pte seemed t ·o work to some 
extent, The others ·wo rked poorly or not at all , as also did a lcohol­
VIater. These four successful :::ixtur es we r e tested again with the 
conclusions that all ,rnrk nell ( crystallization at -10° C.) but that 
ether and pte uorlrn best , and toluene and pte next best (and nearly 
as wEJll). The procedure v,hich was used is as follows : Znough ether 
is adc1ed to a 1:1 mixtur e of t he guaiacol and pte to effect solution 
at app r oximat ely 5° C. At 0° to -5° C. seeding is done wi th 3:uaiacol 
of any purity, pr evi ously fro-z cn by dry ice , and t he cooling is 
continued to -10° C., whe r e a little more pte is added if no 
crystallization has begux1. It is best that the coolin,; not G;O bclon 
-lw° C. 

Usir:~ thi s method, a JO;t yi eld of :;uaiacol of 9El ji; - 99 ;!:, purity 
was obt2.i~cd in a singl e crJstallization from :ruaiacol of 78 )'; purity. 
Two nore crystallizations of the filtrate yi8lded an additional J0/4 
of 98 ;-~ material. 1\ total r ecovery of 60 )s of guaiacol freezing from 
2Lt,3 to 25 . 4° 8 . (i.e., 97 to 98;~ pure) vtas obtained, showing the 
excellence of- this method , inasmuch as 20 or 22;s of impurities 
sir1ilar to :::;uaiacol Yre r o present in the orizinal sample. 






