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PREFACE.

The following thesis is a review of my work carried
out during the last four months under the direction and ad-
advice of Dr. Redman of the Industrial Department of the
University of Kansas.

The work covers an entirely new field of investigation.
My research is not more than just a start, the problems and |
possibilities arising each day were too numerous to follow
up in my limited time, but an effort was made to start a
systematic research and open up a field for more extensive
work for anyone who cares to continue the work.

That part of the paper relating to the physical pro-
perties of the varnish, was written by Dr. Redman who took

my manufactured matterials and tested them for their physical

Wf Va,wm.

possibilities.




'SOME REACTIONS OF PHENOL AND HEXAMETHYLTETRAMIN.

For many years a reaction has been known between
phenol and formaldehyde. Many complicated products have been
obtained, according to the conditions of the experiment or
thekinds and quantities of the reacting materlals used. The
reaction was only of a theoritical interest and no uses were
made of the products for industrial purposes until of a very
recent period.

Arthur Smith (Eng. Pat. No 16247, Aug. 9, 1899., cited
from Jr. Soc. Chem. Ind.,Nov. 30.,1899, page 1029.) obtained
a product by mixing acetic aldehyde with methylated spirits,
phenol and fused o0il, or methylated spirits which had been
saturated with hydrochloric acid or sulphuric acid, the pro-
duct obtained was molded and used for electrical insulations.

A Luft (Eng. Pat. No 10218, May 3, 1902, Cited from
Jr. Soc. Chem. Ind., Aug. 30, 1902, )mixed 100 parts of phenol
and 100 parts of formaldehyde of 50% strength with 40 to 80
parts of a 16% solution of sulphuric acid., A white viscous
mass was obtained, addition of glycerine, alcohol or camphor
1h solution made it more plastic. This material was not at;
tacked by hot acids or alkalis,

E. M. Raetz (Eng. Pat. No 27889, Dec. 19, 1903,, Cited

from Jr. Soc. Chem. Ind., May 16, 1904, page 500.)mixed in

| an autoclave a solution of phenol and soap with a 10% solution
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of formaldehyde and a small quantity of alkali. The mixture
was heated to 150 degrees Centigrade and then cooled. A solid
product soluble in water was obtained. The solution was used
as an antiseptic,

E. H. Fayolle (Fr. Pat. No 341013 Narch 7, 1904, Cited
from Jr. Soc. Chem. Ind., Sept. 15, 1904, page 873.) obtained
a material by the interaction of glycerine, strong sulphuric
acid, formaldehyde and phenol. The material obtained was wax
like, soluble in aleohol, It was suitable for varnish making
and substitute for caoutchouc.

A Stephen (Fr. Pat. No 345398 Aug. 6, 1904. Cited from
Jr. Soc. Chem. Ind. Dec. 31, 1904, page 1233,) heated 200
grams of phenol with 400 grams of 40% solution of formaldehyde
in the presence of an alkali under a reflux condenser to a
temperature of 100 degrees Centigrade until the odor of phenol
had disappeared. A precipitate formed which was dried and used
for a disinfectant.

W. H. Story (Eng. Pat. No 8875 April 27, 1905. Cited
from Jr. Soc. Chem. Ind. Oct. 31, 1905, page 1081,) obtained
a product by using the same materials and boiling under a
reflux condenser for eight hours. When the product was warm
it could be molded or it could be dissolved in an organic
solvent and used as a varnish, but if it is allowed to cool
the material is soluble in nothing and is not even attacked
by alkalis or acids excepting fuming nitric acid.

L. Heim (Eng Pat. No 25216 Nov., 13, 1907. Cited from




Jr. Soc. Chem. Ind. April 30, 1908, page 412.) obtained a
substitute for resin by heating phehol and formaldehyde with
aniline. The condensing agent could be any amine or ammonium
salt.

L. H. Baekeland (Jr. Ind. Eng. Chem. March 1909, page
149.) produced a product which he called Bakelite. This sub-
stance was made by heating equal parts each of phenol and
formaldehyde with a small quantity of some alkaline condensilng
agent. He was able to obtain three products, representing
three different points of the entire reaction. The first pro-
duct he called Bakelite A, which is a liquid, wviscous or pastj
or it may be a solid; it is soluble in alcohol, acetone,
phenol, and glycerine. The next product he called Bakelite B
which was formed by continued heating of A; this material. is
a solid at all temperatures, if heated it softens and becomes
rubber-like, it is insoluble in all solvents but may swell
in acetone or phenol, continued heating changes it into the
final product called Bakelite C. The C product is infusible
and insoluble in all solvents, unattacked by acetone, acids
or alkaline solutions, concentrated sulphuric acid destroys
it but the dilute acid will not. Up to a temperature of 300
degrees Centigrade no change takes place in the material but
above this temperature it will char without fusing.

Baekelénd explains that difference in these products

is due to the amount of water in them, A having the most and

—




as A is heated water is driven off until B is formed, contin-
ued heating drives off the rest of the water and C is then
formed.,

There are a number of other patents for products ob-
tained by the reaction of a phenol or a phenolic¢ body upon
an aldehyde or some polimerized form of an aldehyde. Every
patent calls for some condensing agent to accelerate the re-
action. The inventors do not agree very well as to what temp--
eratures to use, the temperatures vary from 50 to 180 degrees
Centigrade. The majority of the inventors appear to favor
a temperature close to 100 degrees Centigrade..All patents
require a reflux condenser during the progress of the reaction|

The composition of all these products and the reaction
which takes place is not known. Baekeland goes to great
trouble in bringing forward a theéry that it is a polymerized
oxybenzyl-methylen glycol-anhydride, since one mole of for-
maldehyde and six moles of oxybenzylalcohol react and glve . a
material similar to bakelite in its physical properties and
also in its chemical analysis. In all the reactions water is
formed and must be contended with.

The reaction between hexamethyltetramin and phenol is
similar to the reaction between formaldehyde and phenol.
Moschatos and Tollens (Ann., 272, 280.) found that when phenol

and hexamethyltetramin were mixed and warmed, that when they

cooled compound separated in crystalline form, which on being




analysised gave the formula represented by the symbols

( C6H12N4)3( CGHSQH). These crystals were decomposed between
115 and 124 degrees Centigrade, and according to their paper
the decomposition product had the odor of fish. Dry distil-
lation gave a product of the odor of phenol and ammonia. When
their product was heated .with dilute sulphuric acid the
distillate had the odor of phenol and formaldehyde, on cooling
the mass became gelatinous.

When phenol and hexamethyltetramin are added together
and heated, a reaction takes place which results in a trans-
parent, yellowish, resinous or amber like mass and this mass
may be a solid or liquid depending on the length of time and
degree of heating. The presence of an organic solvent may
vary the reaction, the resulting product being a varnish.

When phenol and hexamethyltetramin are used,no conden-
sing agents are required,as when phenol and formaldehyde are
taken, no water is present and no water is formed during the
reaction. A reflux condenser is required only when organic
solvents are used to recondense the solvent.

The proportions of the reacting materials should be
seven moles of phenol to one of hexamethyltetramin.The volume
of the solvent should equal the volume of the phenol in the
mixture. Six moles of phenol and one mole of hexamethyltetramin
can be used,as was latter found with out any noticeable change
in the product. The sdlvent was varied by using alcohol alone,

alcohol and 5 to 10 percent of nitrobenzene, aniline, or
\




glycerine. Aniline, nitrobenzene,amyl alcohol, and phenol
were also used as solvents in place of the alcohol.

The following formulas were used in the prepartion
of the different materials:-

Formula 1.

PROTIOL i, sive s s v 400 grams,
Hexamethyltetramin ~--===~=- 85 grams.
Alcohol 95% --~---=-=------- 375 €. 0.

Formula 2.

Phenol =--==wemememmnmveeom 400 grams,
Hexamethyltetramin ~-==-~~-- 85 grams,
Alcohol 95% =====~mmmeeenee= 375:6.C.

Glycerine ----==~eccecevo-- <= 15 grams,

Formula 3.

Phenol R —— 400 grams.
Hexamethyltetramin ---~=----~ 85 grams,
Alcohol 95% =~==m==m=cecae-- 375 e, €.
Nitro-benzene ====-ccececcea- 30 grams,

Formula 4.

EHENOL wos s i s = 400 grams.
Hexamethyltetramin --=~~v==- 85 grams,
Alcohol 957 ==—e=ececvmce—eaa 375 c.C.

ATLA B o i aiica i i s i o 30 grams.




Formula 5.

Phenol ~=—==-=cacemsccvecmm==— 160
Hexamethyltetramin ----==--- 40
Amyl alcohol =======-=w==--= 150

Formula 6.

Phenol --—=<=cccccccmccccame== 60
Hexamethyltetramin ----<~-=-~ 15
Phenol =-=~=-=-===rescecnan-= 210

Formula 7.

Phenol =-====scccsscccanne-e 60
Hexamethyltetramin -~---<---- 15
Nitro-benzene ==-=--- e e—— 66

Formula 8.

grams.,
grams,

C.Ce

grams.,
grams.,

grams.,

grams,
grams.,

grams.,

PHONAL =i o s diass 60 grans,

Hexamethyltetramin ~---==-=-~ 15 grams.

ARLIENG itk ok o ol i o -130 grams.
Formula 9.

Phenol ==-==—-==<-~-cccacaass 400 grams,

Hexamethyltetramin ---==-~=-- - 85 grams,

Formula 10,

Phenol ~=-=ece~cecccecececcan~ - g0
Hexamethyltetramin ~====c--- 20
Amyl alcohol =-==~-~=c====-- 300




The reacting products were placed in a flask and coﬁ-
nected to a reflux condenser, the ammonia-which passed off
during the reaction was lead from the condenser to a vessel
in which was some water. This water was neutralized by a
standard solution of hydrochloric acid with litmus as an
indicator. Curves were then made from the data obtained,

The flasks containing the alcohol solution, alecohol
and glyceriline, alcohol and nitro-benzene and alcohol and
aniline were heated on a water bath until all the ammonia
appeared to have come over. The flask containing the amyl
alcohol solution was started on the water bath and after all
the ammonia was over which was formed at that temperature,
it was then placed on a wire gauze and the solution brought
to boiling. All the other experiments were carried out on
the oil bath.

The products obtained by using alcohol, alcohol and
glycerine, alcohol and nitro-benzene, 'and alcohol and aniline
as solvents, gave a product at the end of the reaction which
was a transparent yellow colored liquid. Sewen to nine hours
are required to carry out the experiment, excepting the
alcohol and aniline solution which only required five hours.
The tétal guantity of ammonia which came off of the four
solutions appears to be about the same with the exception
of the amiline solution which is a little more than the
others. The rate at which the aﬁzmonia comes off the soclutions

is higher during the second, third, fourth and fifth hours




than during the first hour or any time after the fifth hour.
After 46% of the ammonia had come off of the solutions,the
rate at which the ammonia came off dropped to zero and the
reaction was complete. These solutions were at no time boil-
ing, all the solutions had a temperature of 90 degrees ex~
cept the alcohol and glycerine which hadza temperature of
78 degrees Centigrade. ‘ |

The amyl alcochol solution was placed on the water bath
and heated, after replacing the water bath with a wire gauze
the temperature was raised to the boiling point of the sol-
ution,‘138 degrees Centigrade. The rate at which the ammonia
came off,on the water bath,was slower than the other solutions
but when the flask was placed on the wire gauze the rate in-
creased greatly. The total amount of ammonia which came off
was 127 percent larger than the other solutions. The total
amount of ammonia which came off was not measured for when
58% of the ammonia had come off the mixture in the flask
began to foam filling the flask, forecing the discontinuance
of the heating. The resulting mass while hot was a yellow
transparent color of a gelatinous nature, on cooling the mass
became opaque yellow, hard and brittle with a strong odor of
amyl alcohol.

The above reaction was repeated, the amount of anyl

alcohol was doubled and the amount of phenol and hexamethly-

tetramdn was reduced each one half. The solution was heated

to boiling at the start,132 degrees Centigrade. For two hours
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the ammonia came off steadi;y, at the end of the third hour
the transparent liquid became cloudy which was followed by a
precipitate settling out and collecting together and causing
trouble in bumping. The clear solution became cloudy and
began to bump within five minutes. Boiling was continued for
60 hours. The rate at which the ammonia came off after the
precipitate settled was very small, The ammonia which came
off was almost the entire ammonia content of the hexamethyl-
tetramin. The precipitate which settled out was insoluble
and infusible and on heating it charred, the solid substance
obtained from the previous experiment of the amyl alcohol.
solution was likewise insoluble and would char on heating to
high temperatures,

Phenol and hexamethyltetramin were mixed without any
solvent and heated to boiling. The greater part of the ammonia
which came off did so in 30 minutes, at the end of this time
the thick viscous liquid began to foam and fill the flask.
The flame was removed and the porous mass allowed to cool.
The product was a clear yellow transparent substance, it was
insocluble. On further heating it charred with the odor of

burnt sugar.

In three of the experiments alcohol as a solvent was
Giscontinued and in its place aniline; nitro-benzene and
phenol were used as solvents.

The experiment where phenol was used as a solvent the
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entire nitrogen content of the mass was given off as ammonila.
The ammonia all came off with in thirty minutes. The final
product was a yellow transparent liquid and on standing

the liquid turned to a transparent red; the liquid became
partly solid on cooling due to the phenol crystallizing out.

The experiment with nitro-benzene as a solvent did
not do so well. The reaction had just started when the mass
became viscous and began to foam and the experiment was
discontinued. The product was lnsoluble and had a strong
odor of nitro-benzene,

The experiment with aniline as a solvent was then
carried out. One volume of phenol had two volumes of aniline
as a solvent. The entire amount of ammonia which came over

did so within 30 minutes. The contents of the flask was
boiled for 6 hours without any more ammonia coming off. The
final product was a transparent yellow colored liquid.

In all the above experiments it was noticed that as
the mixtures were heated that the hexamethyltetramin passed
gradually into solution. As it passed into solution the
liquid changed from a clear transparent to a yellow trans-
parent; as soon as it had passed into solution the ammonia
would begin to come over,

In all these experiments duplicates were run and

they checked each other in a fairly satisfactory manner,
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ANALYSIS OF VARNISHES.

Formula 1.

No.l
Phenol-----=-ccccccecaa-o 400, 505 grams.
Hexamethyltetramin ------- 85 .106 grams,
Alcohol -=-=c-ccccceraacn- 303,750 grams,
Ammonia Content ---------- 41,337 graﬁs.
Ammonia driven Off -=---= 18.765 grams.
Percent ==--ceccccccccmaa-- 45.39 %

Temperature of reaction -- 90 degrees

Formula 2,

Phenol =eseccomcccmccaccaaa 404,655 grams,
Hexamethyltetramin ------- 86,060 grams.
AlcohOl---==-ocmcnccencme— 307.000 grams.
Glycerine ~=-cecreccccraaaa 14,955 grams,
Ammonla content -=--cceee-- 41,799 grams,
Ammonia driven off -----=-= 16,161 grams.
Percent=-=-emecceccanmmccnaax 45.84 %

Temperature of reaction --- 78 degrees.

No.2
401,299 grams,
86,106 grams,
303.750 grams,
41,337 grams.
18,750 gramns,

45,36 %

89 degrees.

396,483 grams,

84,595 grams,
300,500 grams.
15.279 grams.
41,088 grams,
18,991 grams.
46.22 %

78 degrees,
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Formula Noda.

Phenol ---------r-ccccwaaa 400, 331
Hexamethyltetramin ----~-- 85,106
AlcohOl ==---=mccccrmucax -~ 303,750
Nitro—benzéne SRR SRR, 30,455
" Ammonia content ---------- 41,337
Ammonia driven off --==--- 18.825
Percent ===eecececcacmaa-—o 45.30 %

grams.,
grams.
grams,
grams.,
grams.

grams,

Temperature of the reaction 91 degrees.'

Formula 4,

Phenol =---reeemmccccrcac. 400.133 grams,
Hexamethyltetramin ---=--- 85.166 grams.,
Alcohol: ==-=-eerccccncnc-x 303,750 grams,
Aniline =--=eccemcmccccn——- 30,525 grams.,
Ammonia content -=-===--=-- 41,337 grams.
Ammonia driven off ------- . 20,197 grams,
Percent ---=--------eec-c= 48,64 %

Temperature of the reaction 91 degrees.

No,. 2

400,879 grams.
85,106 grams,
303,750 grams,
30,515 grams.
41,337 grams.
19,100 grams,
46.20%
88 degrees.,

400,726 grams,
85.106 grams,
303,750 grams,
25.790 grams.
41,337 grams,
20,377 grams,
49.29 %

91 degrees,
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Formula &, No.1
Phonol ~=-mem=mm=-emnce———- 160.392 grams.
Hexamethyltetramin ~~-v=-=- 40,003 grams,
Amyl alcohol =-~==ccccce-=- 150.000c.c.
Ammonia content =--=-ccec-=- 19. 50 granms,
Ammonia driven off -------- 11.306 grams,
Percent =-==-ce-cecccacaa- - 57.98 %

Temperature of reaction --- 138 degrees.

Formula 6,

Phenol ===---ccrccccrccnca-- 270.080 grams,
Hexamethyltetramin --=-~=~=- 15.000 grams.
Ammonia content ====-esmo=- 7.285 grams,
Ammonia driven off =---===-- 7.340 grams.
Percent =------=-cc--eeeoua 100,40 %

Temperature of the reaction 179 degrees

No,2

161.246 grams.
40,003 grams,

150.000 c.c.
12.500 grams,
11.530 grams,
59.03 %

138 degrees.

271.057 grams.

15.000 grams,
7.285 grams,
7.3000granms.

100.00 %

179 degrees,
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Formulae 7.

Nol.

Phenol =--=r=erceccecccac-- 60.220 grams.
Hexamethyltetramin ------- 15,000 grams,
Nitro-benzene ==-=-=--===- 66,330 grams,
Ammonia content -=-==-~c=-- 7.285 grams,
Ammonia driven off -=---=- 3.000 grams.
Percent ----=-e=---emm—--- 41.10 %

Temperature of reaction -- 203 degrees.

Formula 8.
PhHeNOl == sitommmiim s simpomts 59,993 grams.,
Hexamethlytetramin ------- 15.000 grams.
ANiling === cccmecheseene 126,780 grams,
Ammonia content ---==-=--- 7.285 grams.
Ammonia driven off =----=--- 6.972 grams.
Percent =---======-=c=-c-=- 98.65 %

Temperature of reaction -- 164 degrees.

No. 2

59,948 grams,
15.000 grams.
67.057 grams.
7.285 grams,
3.000 grams.
41,10 %

203 degrees,

60,716 grams,
15,000 grams,
129.300 grams,
7.285 gramse.
7.490 grams,.
102,60 %

164 degrees.,
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Formula 9. No.l
Phenol ~=-==e=cecccececoa—- 200,187 grams.
Hexamethyltetramin -«-===-- 42,058 grams,
Ammonia content -=--=vee-- 20.428 grams,

Ammonia driven off ==------ 10,841 grams,
Percent -—==-es---eeeccenca- 53.07 %

Temperature of reaction ---177 degrees.

Formula 10.

Phenol =====-erccnsan=nm=- 80,318 grams,
Hexamethyltetramin ------- 20,001 gfams.
Amyl alcohol ====----===== 300,000 c.c,
Ammonia content ~--=c=e-=- 9,714 grams,
Ammonia driven off -==~--—- 9.501 grams.
Percent -~—====-=-=—c=co-e- 97.80 %

Temperature of reaction ---132 degrees.

No.2
200, 348 grams,
42,058 grams,
20,428 granms,
10.868 grams.
53.20 %

177 degrees.

80,855 grams.
20,001 grams,

300,000 c.c.
9.714 grams.
9.403 grams,
96.80 %

132 degrees,
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PRECIPITATION OF VARNISH.

The varnish which was made with the alcohol solvent
was used for the following experiments.

Alcohol was.added drop by drop to a known gquantity
of the varnish, each drop gave a precipitate which dissolved
on Peing shaken with the varnish. Several drops were added
and the resultiing precipitate was dissolved. Finially the
precipitate formed by one of the drops,failled to dissolve
making the solution cloudy. Every drop of alcohol from this
point on gives an additional precipitate. After the addition
of alcohol gave no further precipition the precipitate formed
was filtered off and washed with alcohol.

To the clear yellow transparent filtrate water was
then added slowly with constant stirring. The water now gave
a very flocculent precipitate, and was added from a burette
until no further precipition took place. This precipitate
was also filtered and washed with water., The filtrate and
washings were put in a vessel and evaporated.to dryness on
a water bath.,

The precipitates were then dried in an oven at a temp-
erature between 55 and 60 degrees Centigrade, they were heated
until they became of a constant weight. The precipitates were
very difficult to weight, they were very light and fluffy
and exceedingly hydroscopic but they did not become moist

or damp to feel when exposed to the air. Baekeland
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also claims that his product is hydroscopic,(Jr. Ind. Eng.
Chem. March 1909, pagels9.) but he claims that this proper-
ty is do to the potassium from the washing and which had |
not been entirely washed out itéeif latter. In this material
the can be no potassium or any other substances than those
put in. The large surface which the fine precipitaté has
seems to account for the hydrdscopic property.

The substance precipitated by the alcohol was soluble
in acetone. In hot alcohol it fused into a yellow ball which
adhered to the side of the test tube, part of it must have
dissolved for when the test tube was placed in cold water
the alcohol became cloudy but after some time settled clear,

The water precipitate was soluble in alcohol,acetone,
amyl alcohol, amyl acetate, aniline and nitro-benzene. Both
of the two precipitates on being heated dry fuse up,then

char giving a odor of burnt sugar.
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ANALYSIS OF VARNISH.
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ANALYSIS OF VARNISH.

* UY1TM Yaom 0} oTdwes TTEUS
009 ©ARZ oUOTB WOY] U0 JO 7uUnoode poyiew TUeplelx£q jusquod uefoansIu puly
07 pejTun eJem UoijeiTdroead ToyooTe eyl Jo 9%g pue gy UT goqeqtdroead #

gqa8d $87 oF8easAy
992 693 o} 4 Lv3 *oatnbaa -
4 *3uaqTtu sqaed $T
6901"° (0153 it i 650% * 22T¥* (sidd aejes Jo
: quoquud usB8OJI}TN
gqaed QT2 edeaeAy
012 88T 613 123 eagnbea
ueBoaqtu sqaed FT
_
0130 °% L6230 ° % 6G8T1* $91° °*sq4dd ToyooTe® JO
1Uequ0o Us3iodlIN
202° 90%° Log"* oge”* 029 ¥ 998°¢ JQJ pejunooowvUl]
BF¥° 1 $00°2 e96°T1 329°'1 029°%1 omm.¢a ysTudea UT
. ung Jo qunowmy
9731 86G°1 96S°'T 263°T 291°0T Ye¥ 0T 8T8el0L
008"* g891° 0158 R 621" anpisey
968° (A 033°T <86 ° 9134 949°L *add aerBM
08T’ 881° 9%z ° 281"’ o%9°3 835L°3 *qdd Hosaoa¢
scy*z | zee'g | 32e | 2wz | ee8'¥2 | ¥12'¥3 ys udBA
_ _ Jo aunouy
o@ .m o* lm ON .H .




21.

CONCLUSIONS.

From the above figures a formula for the precipltates
was figured although the results were far from satisfactory.
In the alcohol precipitate it was found that 14 parts of
nitrogen were in combination with 210 parts of oxygen and
hydrogen, Assuming that the nitrogen passes off as ammonia
and that the ammonia gets its hydrogen from the hydroxyl
group of the phenol and the rest from the ring,an empirical
formula may be worked out.

In the formula for making the varnish six moles of
phenol to one mole of hexameth¥ltetramin were used, then one
mole of phenol requires one CH2 , formula for hexamethyl-
tetramin being (CH2)6N4’ phenol plus the methylene radicle
minus the hydrogen necessary to make the ammonia gime a
radicle (06H4-0-CH2). This radicle has a combining weight
of 106, doubling this gives 212 which is just 2 mere than
that which the nitrogen combines, so an empirical formula
of(C6H4-O-Cﬁz)ZN seems to be the correet or some multiply
of this.

By the same reasoning a formula for the water pre-
cipitate was calculated, 14 parts of nitrogen required 158
parts of hydrogen and oxygen, 28 parts 316, Five times 106
is 530 very close to 516 so the formula suggested is
(06H4-0—CH2)5 N,

There is some difficulty at this point at assuming

the above formulas for if we wrlte equations for the format-
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ion of the precipitates we have an excess of hydrogen in
both cases unaccounted for.

6 CGHSOHﬁ-(CHE)N4== 3(C6H4—0—CH2)2N-+3NH3 + 3H

50 Ol 05 )y = o CGH4-0-CH2)5N2+ 8NHz + 361

In the experiment it was assumed that all that came

off was,. the ammonia. In the data there was a certain amount
which was unaccounted for, so from this it may be judged
that either the method of the experiments were at a fault
or else some other volatile substance was formed and passed
off without being found out. It is certain that there is
no water formed so there can be no loss of oxygen. The best
that can be said is to take the formulas suggested at this

time until more work is carried out on the material té see

if other products are formed.




Taking the formulas worked out the following

structural formulas were worked out and are suggested if

only ammonia passes off during the reaction.

Alcohol precipitate.
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PHYISICAL PRCPERTIES OF THE VARNISH.

All the varnishes dried when in a thin film to a
transparent,hard, brittle varnish, having a yellowish color,
somestime with a green caste. All the'varnishes tended to
draw under the brush, this was some what offset if aniline,
nitro~-benzene or glycerine were added. After drying the
varnish could be heated in an open oven to a temperature
as high as 250 degrees Centigrade without injmry to the
Vgrnish. The varnish on heating changed gradually from
a light transparent yellow to a deep red or reddish brown,
the change of color depending on both the temperature and
‘time of heating., The heating could only be done in thin
films, for an increase in the thickness caused bubbling,
The varnish when heated finially was insoluble in all or-
dinary solvents, wasﬂunattacked by cold concentrated nitric

acid and concentrated sulphuric acid,

Its density is greater than that of the finger nail.
The varnish has a brilliant luster as the refractive index
of the artificial gum or resin is 1,645, which value is

higher than any glass.




HIIlIIWIIllllllIIIIIIJIHIlVIIIIIHIJ)IIUHIINIJIISIIMII!HINIHW!IH

210748008



