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IDENTIFICATION OF ANINO CONcOUNDS 
BY MEANS OF THE 

DECOMPOSITION TEMPERATURE AND FUSION CHARACTERISTICS 
OF THE 

D ILITURATES (5-N ITROBARBITURATES) 

INTRODUCTION 

The rudiments of fusion microscopy have been 

known for about fifty years, during which scientists 

have íinplexnented a variety of' hot stages to study 

physical and chemical properties of organic and in- 

organic substances. There are many hot and cold stages 

known today. Limple ones can be constructed of wire, 

a metal block and a variable power source. Costly 

commercially available models cover a range from -55 

to 1800°C. r2he Kofler O to 350°C stage is in common 
usage as its range covers most organic substances and 

low melting inorganic materials. 

It was during l9 that Kof 1er first described 

his hot stage for inicrochemical analysis (5, p. 242). 

Kofler's instrument with calibrated thermometers, glass 

heat baffles, and a variable power transformer was a 

great technological improvement over earlier, cruder 

models. The Kof 1er group, Ludwig, Adelheid and Walter 

Kofler, Nane Brandstätter, and others published 

voluminously in the ensuing years to relate their 
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pharmaceutical research resu1tin from the use of the 

new hot stage. 

At the present time one finds in the literature 

methods for determining polymorphism, phase diagrams, 

eutectics, melting points and mixed melting points, de- 

composition and sublimation temperatures, refractive 

indices of solids and melts, purity, volatility, 

molecular weight, hydration, and quantitative analysis 

of almost any substance exhibiting a change in stage or 

chemical composition between room temperature and 5O°C. 

In the hands of a skilled operator such a hot 

stage is a valuable tool. Only small quantities of 

sample or reagent are needed for an observation which 

is every bitas accurate as macro methods and is in many 

cases far easier. Because samples are usually of small 

size in biological and synthetic chemistry, microscopy 

is often the only available method of analysis. 

mino acids are a group of compounds to which 

micro methods are well suited. They are moderately 

difficult to identify for many reasons, among which are 

their similarity in properties, the insolubility of 

many amines in water solutions, and the fact that many 

amine compounds tend to decompose rather than melt. 

Plein and Dewey (1, p. 515; 2, p. 862; 11, p. 

534; and 12, p. 307) have done considerable work on the 
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identification of amines by the optical properties of' 

their d.iliturates (5-nitrobarbiturates) and Larsen (7, 

p. 351) has determined the melting points of the 

diliturates of amino acids on a micro melting point 

block. While somewhat successful, both these methods 

leave something to be desired, as it is time-consuming 

to prepare crystals good enough for optical work and, 

as mentioned above, many of these diliturates gradually 

decompose on heating instead of sharply melting. 

The author sought to combine the good points of 

both investigators' methods and work out an analysis 

for amino acids by observing the optical and fusion 

behavior of their diliturates on the Kofler hot stage. 

At first a few aliphatic amines were used in the 

study solely for comparison, since much is already 

known about the optical behavior of aliphatic amine 

diliturates from the work of Plein and Dewey. Amines 

and amino acid derivatives were prepared and the amine 

derivatives compared with Plein and Dewey's data to 

insure that the product of this preparation was a 

diliturate of known composition. hen the information 

gathered from the fusion behavior of amines appeared as 

useful for analysis as optical behavior, other amine 

compounds were included with the group of amino acids 
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studied. 

Thirty amine comDounds including aliphatic and 

aromatic amines ana. amino acids were selected for the 

study. Information resulting from the investigation 

of the behavior of their Jiliturates on the Kofler hot 

stage is summarized as a suggested means for their 

identification. 
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EXPERINFJNTAL 

Apparatus 

Por this work a Kofler hot stage, model 6886A, 

obtained from the Arthur H. Thomas Co., }hiladelphia, 

was attached to a Bausch &. Lomb chemical microscope as 

shown in Figure I, with two thicknesses of asbestos 

between the hot stage and the microscope stage to pro- 

tect the microscope from long exposure to temperatures 

between 100 and 300°C. A 12.5X Huygens eyepiece and a 

16 min. objective of 0.25 numerica]. aperture were fitted 

to the microscope giving a magnification of about 125X. 

Objectives with magnifications of greater than lOX, 

those with a working distance of less than 6 mm., are 

not suitable for hot stage work, as the assembled stage 

with glass cover in place makes a chamber 6 mm. deep. 

Magnifications up to 200X can be obtained if desired, 

however, by using eyepieces with magnifications up to 

20X. 

The substage condensor was removed from the 

chemical microscope, as long exposure to heat might 

damage it. The hot stage contains in itself a condensing 

lens sufficient to compensate for the removed substage 

I 



The hot stage comes equipped with two thermo- 

meters calibrated to the stage -- one of low range for 

30 to 230°C and another of high range for 60 to 350°C. 

Included also is a cooling' block which can be cooled 

in an ice water or dry ice-acetone bath prior to place- 

ment on the stage to quickly return the apparatus to 

room temperature after a run. 

The power source was a lowerstat, type 116, 

variable auto transformer made by the Superior 1ectric 

Company. The transformer was calibrated to the hot 

stage so that at any particular transformer setting, 

the heating rate of the stage was known. Two calibration 

curves were run, according to the procedure of £cCrone 

(9, p. 37-44), with the stage fully assembled; that is, 

thermometer attached and a blank slide and cover slip, 

glass heat baffle, and cover plate is place on the 

stage. Figure 2 compares constant transformer settings 

to rising stage temperature and time. The other plot, 

Figure 3, of temperature versus transformer settings 

gives curves of constant temperature rise per minute. 

These two curves enable the analyst to set the trans- 

former to reach a desired temperature in a minimum, 

known amount of time and to predict the setting necessary 

to maintain a iven temperature for a long period of time. 
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HOT STAGE 

7c 

I. Kotler Micro Hot Stage with glass cover in place 

2 Calibrated thermometer 

3. Variable transformer 

4. Cooling block 

5. Micro Halfslides, I 1/2 x linches 

6. Cover slips, 15 mm, No', square 

7. Glass heat bottle 

8. forceps 

9. micro spatula 
FIGURE I 
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Reagents 

Dilituric acid. (5-nitrobarbituric acid), white 

label, was purchased from Eastman Organic Chemicals. 

All samples of thirty amines and amino acids 

selected at random from the chemical stockroom were the 

best grade available. Following is a list of suppliers. 

Eastman Organic Chemicals 

dl-a-al anine 

o-axninopheno 1 

p-aminopheno 1 

di-aminophenylacetic acid 

2-aminopyridine 

i-amylamine 

1-arginino 

di-asparagine 

betaine 

cysteine 

dibenzylamine 

diethylamine 

1+glutamic acid 

glycine 

n-hexylamine 

hydrazine 

hydroxy lamine 

dl-leucine 

Natheson Coleman & Bell 

n-amy lamine 

e thylamine 

1+histidine 

lys in e 
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me thylamine 

-phenylalanine 

California Foundation for Biochemical Research 

dl-OE-alanine 

di-leucine 

p-phenylaianine 

serine 

Nutritional Biochemicals Corporation 

proline 

1-cys tine 

Dow Chemical Company 

dl-o-alanine 

dl-valine 

inthrop-tearns, Inc. 

1-cystine 

serine 

tryptophane 

tyrosine 

Schwartz Laboratories, Inc. 

l+glutamic acid 

Pfanstiel Chemical Company 

di-valine 

Procedure for Preparation of Diliturates 

Using the procedure of Plein, Dewey, Larsen, 

and others working with organic base diliturates, about 

i gram of the amine or amino acid and i gram of 

diliturie acid were added to 10 mi. of boiling water in 



12 

a 20 ini. beaker. The mixture was maintained at the 

boiling point for a minute to attain maximum solubility, 

then excess solids were filtered off. The crystals that 

separated from the solution when cooled to room 

temperature were filtered with a Buchner funnel, size 

0000, and recrystallized several times from boiling 

water and air dried. About i gram of derivative was 

the average product. 

As dibasic amines and amino acids can and do 

give more than one derivative with clilituric acid, the 

procedure later used was to study the first crystals to 

separate from the saturated solution. 

Likewise, several of the derivatives and 

dilituric acid itself appear to partially decompose in 

boiling water. This phenomenon is treated in the 

discussion on method of preparation. Later preparations 

were made in 70° solutions, the lowest temperature at 

which all derivatives and dilituric acïd precipitated 

transparent crystals. In the f e cases where the amine 

compound was too insoluble to form much derivative at 

70°, the preparations were done in boiling water, 

sacrificing transparency for quantity of product. 

It is not necessary to use i gram of amine and 

dilituric acid. Equivalent amounts of the two in enough 



water to dissolve the solids on a slide or in a test 

tube or beaker suffices. 

Definition of Terms 

Crystalline - there is a definite shape and size 

to the particles. O' 

Amorphous - no shape can be seen in the 

precipitate. 

tch - the transparent crystal appears to crack 

or striate, but is still transparent. - j 

,r 7 ¿7' 
Opaque - the crystal is no longer transparent 

as seen through the microscope, hut is still crystalline. 

The crystal may or may not appear opaque when observed 

rnacroscopically. [ _ I 

Sublimate - fine particles appear on the cover- 

slip over the crystals being heated, which may be 
ìrçi , 

crystalline or amorphous. 

Melts with boiling - the crystal melts with the 

evolution of a gas, leaving a liquid or a solid residue 

as noted in particular cases. 

Shatter - crystals violently break into small 

bits, which are usually opaque. ¿7-3 



1L 

Collection of Data 

The size, shape, and color o± typical crystals 

was recorded. One or more well-formed. transparent 

crystals were placed on a slide in the hot stase chamber 

with the transformer at its maximum setting. The stage 

temperature was rapidly raised to 3OO and the behavior 

of the crystals scanned. On a second preparation of 

crystals the stage was more slowly heated and all 

changes observed closely, such as crystals etching or 

cracking, gradually darkening or rapidly becoming 

opaque, crystals subliming, melting to clear or colored 

liquids, bubbling, dehydrating, splitting or shattering. 

Temperature ranges in which each of these changes 

occurred were determined by careful manipulation of 

the variable transformer. A satisfactory heating rate 

for the temperature observations was found to be 

'-l-°/minute, fast enough to be practical and slow enough 

to be fairly exact. As many crystals exhibit one or 

more of these changes at varying temperatures between 

room temperature and 300°C, these data served to 

distinguish between the various amines. 

The amount of time needed to make an observation 

depends on how quickly the stage can be heated and 

cooled. About 15 minutes are necessary to heat the 

stage to 300°C. Using ice water to cool the metal 
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block to be put upon the heated stage, the temperature 

can be lowered to room temperature in about 3 minutes. 

To run an amine derivative takes about an hour, from 

the preparation of the diliturate to interpreting the 

results. A series of amines can be run in the same 

amount of time, just as fast as the stage can be heated 

and cooled, once the derivatives are made. 

The melting points and solubilities of amine 

compounds recorded in the data section are taken from 

Lange's Handbook or Ileilbron's Dictionary of Organic 

Chemicals. The crystalline shapes observed by Flein 

and Dewey or Larsen were taken from the articles referred 

to above. 

The results may be said to be reproducible as 

each derivative was run eight to ten times. Following 

is a description of the behavior of the thirty amine 

derivatives and dilituric acid when bested on the hot 

stage. 

Fusion Behavior of Dilituric Acid 

Well-formed clear tables I I even at 700, 

are tanned and slightly etched and spotted. All are 

opaque by 800. Crystals melt at 179-183° to a pale 

yellow liauid which darkens immediately to a reddish- 

brown liquid with a little evolution of ras, 
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Fusion Behavior of Diliturates 

(1) d1-o.-Alanine diliturate 

dl-a-Alanine reagent decomposes at 295e. 

The diliturate, according to Larsen, is an elipse 

or rhomb /1 . The diliturate prepared is a pale 

pink powder containing f / crystals which etch 

and brown at 150-155°. t 235° a colorless liquid 

evaporates from the crystals and condenses on the cover 

glass. 

(2) o-Àminophenol duliturate 

The reagent melts at 17°. Plein and Dewey 

report the derivative as crystals. The re- 

agent itself is tan and the color persists in the 

derivative. Fine needles precipitate which appear to 

blacken at 220-230°. Sublimed crystals blacken at 

250-260°. Apparently there is no derivative when pre- 

pared in 70° solutions of dilituric acid. 

(3) p-.\minophenol diliturate 

The tan p-ainophenol reagent melts with 

decomposition at 161+l86. ìlein and Dewey report that 

the crystals appear K _ ) Those prepared are also 

and are tan. About 110-112° the crystals be- 

come opaque. At 135-140° well-formed, clear 

characteristic of the pure p-aminophenol reagent are 
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apparent in the field. About 1700 these evaporate, 

leaving the opaque derivative unchanged. This un- 

reacted reagent does not precipitate with the derivative 

if the preparation is done in 70° solutions. above 

2O0 a red sublimate forms above the derivative 

crystals. 

(k1 dl-Aminopenylacetic acid diliturate 

The reagent itself melts at 256°. The 

derivative precipitates as poorly-shaped I 
1 

crystals in 100° solutions. Apparently there is no 

derivative formed in 700 solutions of the precipitating 

agent. The crystals are opaque at about 245° and 

shatter at 29O_0O0. 

(5) 2-Aminopyridine diliturate 

The reagent, 2-aminopyridine, melts at 56°. 

The derivative is tan, with few transparent crystals. 

The precipitate appears amorphous. About 220° crystals 

begin to sublime and darken and between 230-250° there 

is so much sublimate it is difficult to see the 

amorphous mass below. About 265-270° the mass melts 

to a red liquid. 

(6) i-Amylamine diliturate 

The reagent boils at 95°. Flein and Dewey 

report a Ç__ diliturate. Obtained by thìs procedure 
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is a fluffy white powder, with very few crystalline 

shapes evident. Ii fine sublimate covers the 

field by i5O. The powder yellows about 2000 and has 

developed red spots by 25O0. About 2500 all the 

materials becomes red., then black. 

(7) n-frnylarnine diliturate 

The reaent itself melts at -55°. Ilein 

and Dewey report the derivative as crystals. 

Fine green crystaL; are obtained by thi pro- 

cedure, which heavily sublime about 235° to clear, 

fine oû crystals. Above 245° the crystals appear to 

develop and completely darken above 2600, 

at which time the sublimate also darkens. 

(8) l-rinine diliturate 

The reagent melts at 28°, while the hydro- 

chloride used to make the derivative melts at 222-235° 

with decomposition. The derivative is a white powder 

with a few fine, transparent needles. The diliturate 

darkens at 207-210° and bubbles appear at 245°. At 

this temperature the sublimate and the powder blacken. 

The sublimate is not noticed, however, until it darkens. 

(9) dl-Asparagine diliturate 

Asparagine reagent melts with decomposition 

at 213-215°. The diliturate is a white-green powder, 

with a few crystals bout 150° the crystals 
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darken and become opaque. At 270° the crystals appear 

to be tinged with a pink coloration. 

(10) Betaine diliturate 

The reagent itself melts at 29°. (It 

rearranges to the aithydride of lysine.) Betaine hydro- 

chloride used to make the derivative molts with de- 

composition at 236-27°. The product of the pre- 

paration consists of green crystals I I 
which melt 

at 236°, so is probably no derivative. 

(11) Qystine diliturate 

The reagent used, the hydrochloride, melts 

with decomposition at 176-178°. The diliturate is an 

opaque mass, with a few needles. All the derivative 

melts at 165-170° to a clear liquid. The liquid darkens 

to a red-black mass. 

(12) 1-Cystine diliturate 

The reagent melts with decomfosition at 

256-258°. The diliturate crystals are tan 

and become opaque by 107-110°. At 150-180° the crystals 

fill with gas bubbles. By 210° crystal masses blacken 

and appear to dry up. 

(13) Dibenzylamine diliturate 

The reagent melts at -26°. Plein and 

Dewey report crystals. The diliturate prepared 
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as fine, green crystals /\ is striated, but trans- 

parent. Above 180° crystal outlines soften and the 

crystals appear yellow. At 255-260° the crystals 

appear to boil to a red-yellow liquid which dries to 

a grainy mass. 

(14) Diethylamine diliturate 

The reagent melts below +0°. Piethyl- 

hydrochloride used to prepare the diliturate 

melts at 228-229°. Flein and Dewey report the 

derivative to be tablet crystals . Small, 

clear, pale green crystals I 1 were prepared. 

Better crystals are obtained if' ruade 

in 100° solutions because of low solubility of the 

original amine. Crystals of the diliturate become tan, 

etched, and,shriveled about 90°. The 100° preparation 

has small diamond-shaped crystals which blacken and 

shatter about 280°. The crystals characteristic 

of the diliturate take on a pink tinge about 190°. All 

gradually redden and about 265° split and shatter. 

(15) Ethylamine diliturate 

Ethylamine melts at -80°. The hydrochlor- 

ide used to make the derivative melts at 108-109°. 

Plein and Dewey report a c derivative. Green 

plates were the crystals prepared. They are 
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large and clear and appear wet. About 225_2300 crystals 

are seen to split, shatter, or form a new allotrope of 

the crystal and are etched ¿ZZ7 I5 . Gradually they 

yellow, then redden in spots. About 2600 a red sub- 

limate is noticed. (A clear sublimate is first noted 

about 21400 as the microscope is focused on the cover 

slip.) Above 260° the crystals darken to brown-black, 

including the sublimate. Better formed crystals result 

from the 7O' solution preparation. 

(16) l+Glutamic acid diliturate 

The reagent melts with decomposition at 

224-225°. The hydrochloride used to prepare the 

derivative melts at 202-204°. The product of the 

preparation is white, sonietimes tinged with pink, green 

or blue. It nelts with decomposition at 202-204°. 

irobably there is no derivative formed, using this 

procedure. 

(17) Glycine diliturate 

The reagent itself melts with decomposition 

at 22-236°. The derivative is tan. At 175_1800 

the crystals etch /J . All are black by 240°. (No 

294° melting point was noted, a Larsen reports on the 

melting point block.) 



22 

(13) n-llexylamine diliturate 

n-Her1amine melts at -19°. The derivative 

consists of shiny green plates . By 210° crystals 

split as if into twins and are badly etched. Gradually 

they become tan and by 2400 a red sublimate is noted. 

About 260° all crystals become blackened. 

(19) 1+Ïiistidine diliturate 

The reagent melts with decomposition at 

298°. The hydrochloride used to make the derivative 

melts at 250°. The diliturate crystals are clear 

and pale pink. o derivative apparently forms at 700. 

The product of 100° solutions of dilituric acid etches 

about 1100 and gradually becomes yellow. The crystal 

shapes soften and darken to a red-black grainy mass by 

255°. 

(20) ilydrazine diliturate 

The hyroch1oride used to prepare the 

diliturate melts at 198°. Plein and .Uewey report a 

z derivative. The prepared diliturates are shiny 

green needles and plates J / . Crystals 

darken at 107-110°. few fine needles curl and shrink. 

At 260-265° the needles and plates disintegrate to a 

black grainy sublimate. (Good, clear crystals 

sublime about 220° and are noticed if the microscope 
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is refocused.) Preparation at 7O gives better 

I 

(21) Hydroxylarnine diliturate 

The hydrochloride used to make the 

derivative melts at 151°. Plein and i)ewey report 

crystals. The diliturate 'prepared by this procedure 

is pink and appears wet. At 107_1100 the 

crystals etch and continue gradually to black- 

en. The crystals appear to boil at 265° and melt at 

270° to a red-black grainy mass. Above 225° there is 

a black sublimate. Not all the crystals melt. Some 

diamond forms appear in the mixture above 230°. 

(22) dl-Leucine diliturate 

The reagent melts at 293°. The derivative 

I I 
browns between 70 and 80°. Crystals are opaque 

by 180° and sublime above 200°. A little melting is 

noted at 2300. At 2800 the crystals shatter. 

(23) Lysine diliturate 

The reagent melts with decomposition at 

22'--225°. The derivative is green Lj c and etches 

and splits between 70 and 800. Gradually the crystals 

blacken. There is a tan-yellow sublimate which turns 

brown by 260°. 
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(24) Nethylamine diliturate 

The reagent melts at -93°. The hydro- 

chloride used to prepare the diliturate melts at 226°. 

ilein and Dewey report the derivative is character- 

istically large, clear plates . The cliliturate 

precipitated as green piaes ( _ ) but some poorly- 

shaped, large crystals are evident even in the 70° 

preparations. All are transparent. At l46-15° some 

crystals shatter and vibrate between the slide and 

cover glass. Most nearly darken to opaque, and finally 

blacken by 265-270°. A very few crystals melt about 

2800 and much brown sublimate is noticed above 2800. 

(25) SJ-iheny1alanine 

The reagent melts at 272°. The derivative 

r- is etched and cracked by 100°. By 145-150° the 

crystals brown to opaque and melt with decomposition 

at 250° to a dark liquid which bubbles and leaves a 

black residue. 

(26) Proline diliturate 

l'roline melts with decomposition at 220- 

222°. The product of the preparation is a fine white 

powder, with few crystals The crystals etch 

at 80-85° and the whole mass melts about 220-240°. 

Apparently no derivative is formed. 
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(27) serine diliturate 

The reagent melts with decomposition at 

246°. The derivative is pale pink or very pale green 

and powdery with fine crystals I / At 107_1100 the 

crystals etch. A sublimate is noted above 100° 

which is black by 220°, as are all other crystals. A 

little bubbling is noted in the mass about 260°. 

(28) Tryptophane diliturate 

The reagent melts at 289°. The diliturate 

I I 
is etched by 120°. The crystals melt by 

190° and the melt dries by 220° to a grainy red-black 

mass. 

(29) Tyrosine diliturate 

The reagent melts with decomposition at 

314-315°. The dilituru.te IS a white powder, with few 

fine, clear crystals At 145-155° the crystals 

soften and partially melt. The melt solidifies at 

165° to a grey mass, which then blackens about 175°. 

Eo11owin; this, very fine hair-like projections grow 

into the fiela. A few crystals boil at 225° to a brown 

mass and a brown sublimate. At 245-250° the needles 

retreat into the crystals or disintegrate. 11 solids, 

above this temperature, appear soft and wet. 
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(30) di-Valine diliturate 

The reagent melts with decomposition at 

295°. d-Valine melts at 156-157°. The derivative is 

a white powder, with a few crystals The 

crystals etch by 800 and a sublimate is noted about 

180°. The powder and crystals melt about 230-235°. 

Preparation at 70° rives larger crystals. 

Tables for Identification of Diliturates 

In Tables i through 12 the fusion behavior and 

physical data are summarized according to traits use- 

ful for identìfication. 

Table i is a general condensation of the 

description of diliturates showing temperatures at 

which crystals etch, sublime, melt, and become opaque. 

Table 2 indicates whether or not the diliturates 

are typically crystalline or amorphous and Table 3 

lists them according to common color of the derivative. 

Temperature ranges in which some crystals etch 

are grouped in Table 4 and temperatures at which 

diliturates tend to sublime, along with the color of 

the sublimate, are listed in Table 5. 

Table 6 is of melting points; Table 7 is a 

summation of those derivatives that do not melt; and 

Table 8 lists those which become opaque at a definite 
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temperature 

Table 9 suimuarizes the diliturates which exhibit 

two or more changes when heated from room temperature 

to 300° on the hot stage. 

Table 10 lists the three amines that do not ever 

etch or become opaque. Table 11 contains the three 

amines that do not form atiy derïvative when treated 

with dilituric acid according to the described ro- 

cedure, using 70° or boiling water solutions. Lastly, 

in Table 12 is a pair of amines which form no derivative 

in 70° solutions of the precipitating agent. 

These tables are helpful for cross referencing 

when analyzing an unknown amine or amino acid. 



Table 1 

.Swnmary 

Amine 

of Behavior 

Crystal 
Shape 

ol" nuine .L)illturates 

Temperature, in °C, 
Etched 3ub1imed 

at which 
Opaque 

crystals 
F'ielted 

di-a-alanine 150 235 

o-aininophenol ''' 255 255 

paminopheno1** <TT 110 230 110 

di-aminophenylacetic acid55 2k5 

2-aminopyridine amorphous 220 230 265 

i-amylamine 150 250 

n-amylamine 235 260 

1-arginine amorphous 20? 25 25 2k5 

di-asparagine 150 150 

betaine5 236 

cysteine amorphous 165 

1-cystine 107 107 150 

dibenzylamine 255 

die thylarnine 90 265 

ethylamine 225 260 260 

1g1utamic acids 202 

glycine 175 240 



Table 1 - Cont. 

imine Crystal Temperature, in °C, at which crystals 
Shape Etched Jublimed Opaque Nelted 

n-hexylamine 210 2kO 260 
l+histidine** t ¡ 110 110 255 

hydrazine L7 107 220 260 

hydroxylamine ¿7'z7 107 225 265 

dl-leucine 70 200 180 230 

l-lysine 70 260 260 

methylarnine 1k6 260 265 280 

dl--phenylalanine 110 lk5 230 
1_proline* 80 220 

dl-serine 101 110 220 260 

1-tryptophane ¡ I 120 

1-tyrosine amorphous 175 225 175 225 

di-valine amorphous 80 180 230 

* no derivative formed by this procedure 
** no derivative formed if 70° solution was used 
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Table 2 

Products of Derivative Preparation 

Crystalline morphous 

dl-cx-alanine 2-aminopyridine 

o-aminophenol i-axnylamine 

p-aminophenol 1-arginine 

di-aminophenylacetic acid di-asparagine 

n-amylamine cysteine 

betaine* 1-tyrosine 

1-cystine di-valine 

dibenzylamine 

die thyl amine 

ethylamine 

l+glutaxnic acidi 

glycine 

n-hexylamine 

l+histidine 

hydraz me 
hydroxyl amine 

dil-leucine 

1-lysine 

me thylamine 

dlÇ;phenylalanine 

l-pro line * 

cil-serine 

i - t ryp t ophane 

* no derivative formed by this procedure 



Table 3 

Characteristic Colors of Products 

Green 1dhite 
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n-aniylamine di-aininophenylacetic acid 
betaine* i-amylainine 
dibenzylamine l-arginine 
diethylainine di-asparagine 
ethylainine cysteine 
n-hexylaniine l+glutainic acid* 
hydrazine dl-leucina 
1-lysine dl--pbenylalanine 
methylamine l-pro line 
dl-serine 1-tyrosine 

di-valine 

Pink Tan 

dl-OE-alanine o-aininophenol 
l-histidine p-aniinophenol 
hydroxylamine 2-arninopyridine 
dl-serine 1-cystine 
1-tryptophane glycine 

* no derivative 



Table 4 

Teniperatures at Which Diliturates £tch 

About 100°C About 110°C 

diethylamine 

di-leucine 
1-lysine 

dl-r -phenylalanine 

l-pro line * 

di-vahe 

*fl derivative 

p-aininopheno i 
1-cystine 

lihistidine 

hydra zine 

hyd.roxylamine 

dl-serine 

1-tryptophane 

About 150°C and above 

di-a-alanine, 146-153 

1-arginine, 20? 

dl-asparagine, 150 

ethylamine, 225-230 

glycine, 175-180 

n-hexylainîne, 210 

nie thylaxnine, 146-153 

1-tyrosine, 175 

32 



'Bable 5 

Temperatures at hicb Diliturates Sublime, 
and the Color of the Sublimate 

dl-cc-alanine 260 brown-black 

o-aniinophenol 250-2GO brown 

p-aminophenol 230 red-black 

2-aminopyridine 220 clear 
2O-24-O darkens 

i-amylamine 150 clear 
250 black 

n-amylamine 235 clear 
245 brown 

1-arginino 245 black 

ethylamine 260 red-black 

n-hexylamine 240 red-black 

l+histidlne 110 gradually red-black 

hydrazine 220 clear, then black 

hydrolamine 225 clear 

di-leucine 220 black 

1-lysine 260 tan-brown 

methylamine 260 brown-black 

dl-serine 110 clear 
220 black 

1-tyrosine 225 brown 

di-valine 180 dark 
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Table £ 

Jie1ting ioints of i)iliturates 

2-arninopyridine 265-270 

1-arginine 245 

cysteine 165-170 

1-cystine 150-180 

dibenzylamine 255-260 

hydroxylamine 265-270 

di-leucine 230 

methylaxuine 280 

d1-?-phenyla1anine 230 

dl-serine 260 

1-tryptophane 190 

1-tyrosine 145-155, again at 
225 

di-valine 230-235 
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Table 7 

Diliturates which Do Not Melt 

dl-a-alanine 

o-arninopheno 1 

p-amino phenol 

dl-aminophenylacetic acid. 

1-amylamine 

n-amylanine 

di-asparagine 

die thylamine 

ethylamine 

glycine 

n-hexylarnine 

l+histidine 

hydrazine 

1-lysine 

dl-serine 



Table 8 

Temperatures, in °C, at hich Diliturates 
Become Opaque 

o-aminophenol 250-260 

p-aminophenol 110 

di-aminophenylacetic acid 245 

2-aminopyridine 2O-24O 
i-amylanìine 250 

n-amylamine 260 

1-arginine 245 

di-asparagine 150 

1-cystine 107 

diethylamine 265 

ethylamine 260 

glycine 240 

n-hexylamine 260 

l+histidine 255 

hydrazine 260 

dl-leucine 180 

1-lysine 260 

methylarnine 265-270 

dl--phenylalanine 145-150 

dl-serine 220 

1-tyrosine 175 
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Table 9 

Diliturates which Exhibit Two or More Changes in the 
Temperature Ran{2;e from 30°C to 300°C on the Hot Stage 

o-aminopheno i 

p-aininopheno i 

2- aniinopyridine 

i-amylamine 

n-amyl amine 

1-cyst me 
diethylainine 

ethylaniine 

Table 10 

glycine 

n-hexy lamine 

hydroxylarnine 

dl-leucine 

methylatnine 

dl-serine 

1-tyrosine 

dl-val me 

Crystals that Neither Etch nor Become Opaque 

betaine * 

dibenzylamine 

1+glutamic acid* 

*no derivative 



Table 11 

Amines Which Form No Derivative with Dilituric icid 
According to the irocedure Described 

betaine 

l+glutamic acid 

1-proline 

Table 12 

Amines Which Form no Derivative with Dilituric Acid 
in 7Q0 Solution 

o-aminophenol 

l+histidine 



DISCUS$ION 

Nethod of Preparation 

The hot stage microscope was chosen for this 

analysis for two reasons, the first being that a 

conventional melting point block may give misleading 

information. The derivatives of amine compounds often 

partially decompose, evidenced by a red, black or 

brown coloration in the crystals long before a melting 

point is reached. The melting point, if it occurs, is 

easily obscured on the melting point block because of 

this premature color change. What can be recorded as 

a melting point or decomposition temperature may 

actually be only a crystal dehydrating or a sublimate 

clouding the cover slip. 

It was the work of Knight and Lee (4, p. ll) 
that suggested the hot stage to eliminate the masking 

effect noted on the melting point block. Knight and 

Lee used urea to complex fatty acids, alcohols, and 

esters difficult in themselves to identify on a micro 

scale. The complexes did not melt, rather they de- 

composed and the temperature of the decomposition was 

easily determined on the hot stage. 

3econdly, a number of items of information to 

aid in analysis result from use of the hot stage. If 
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the diliturate of tyrosine, for example, were run on 

a melting point block possibly all that would be noticed 

is the melting at 225°. On the hot stage clear crystals 

can be seen to partially melt or soften at 145_1550 and 

resolidify at 165° to grey crystals. At 175° these 

crystals darken to black and at the same time fine 

needles emerge from the main crystal bodies. At about 

225° a few crystals appear to boil; that is, melt and 

bubble. The melt dries to a brown mass and a brown 

sublimate. At 245-250° the needles that grew into the 

field from the large crystals retreat or disintegrate. 

Above this temperature all solids appear soft and. wet. 

This is an extreme case but exemplifies that 

probably no other amino acid will be confused with 

tyrosine in this procedure. Of the thirty amines, those 

listed in Table 9 exhibit more than one change during 

heating. The additional inform&tion resulting from hot 

stage work justified its preference over the melting 

point block. 

The preparation of derivatives sug,ests adding 

small quantities of amine and dilituric acid to a small 

quantity of water. This appears rather indefinite and 

non-stochioinetric as there can be mono-, di-, and tri- 

diliturates formed in some cases. Using diliturates 
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prepared by the saine procedure, Redemann and Niemann 

(12, p. 590) have run C and ii determinations on 23 of 

the 30 amine compounds studied, which were within 1-% 

of the calculated percentage composition. Plein and 

Dewey have analyzed for C and H on six of the remaining 

seven amines with similar good agreement. The final 

amine has but one possible diliturate which does not 

in anyway resemble the original amine or dilituric 

acid. Therefore, diliturates resulting from this 

apparently non-stochiometric method may be said to be 

of definite composition. 

A mixture of products would make identification 

difficult. Generally one of the derivatives, be it 

mono-, di-, or tri-diliturate, is the most insoluble 

possible product and consistently precipitates first, 

according to Hedemann and Niemann. LI a mixture of the 

original amine, dilituric acid and the derivative does 

inadvertently precipitate, the identification is 

complicated but not impossible. The analyst is not 

misled because the mixture acts like a mixture -- 

several crystal forms can be seen, each exhibiting in- 

dependent behavior discernible by microscopic exam- 

ination on the hot stage. Especially if the analyst 

has in mind the amine being studied he can look for its 
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characteristic properties in such a mixture. 

Several preparations were made using excess 

acid or amine or stochiometric amounts of the amine 

and acid. While better yields resulted, based on the 

amine, no better crystals were obtained. Likewise 

several preparations were made using amines and amino 

acids from different suppliers and no difference was 

noted in the quality of the derivitive. 

Some amine compounds form no derivative (Table 

11) probably because of their extreme insolubility in 

water or steric hindrance. If the only crystals re- 

covered from the precipitating mixture were identical 

in properties to the original amine, it was concluded 

that no diliturate had formed. Proline is such an 

example. On the hot stage the proline reagent melts 

with decomposition at 220_24000. The product of the 

attempted preparation melts at 220-240°, so evidently 

no derivative formed. 

Many diliturates, and dilituric acid itself, 

appear to partially decompose when treated with boiling 

water. Many crystals of dilituric acid end its 

derivatives were completely opaque when precipitated. 

Transformations from clear to opaque are desirable 

identifying criteria, so the condition leading to opaque 



crystals being precipitated was to be eliminated if 

possible. 

First preparations of many diliturates, in 

which boiling water was used, contained fine needles 

opaque below 100° and. fine rhombic forms that shattered 

about 2600. These were traced to dilituric acid. 

Dilituric acid evidently slowly decomposes to some ex- 

tent in hot water. Preparations of the dilituric acid 

reagent kept in boiling water for several hours con- 

tamed so many of these diamond and needle forms that 

little melting was noted at the characteristic melting 

point of dilituric acid, 181°C. Phis phenomenon is made 

more interesting by the fact that dilituric acid is 

classically prepared according to the method in Crganic 

Synthesis (13, p. 58) from nitric acid. on tarbittiric 
acid in boiling water and. is recrystallized in boiling 
water and dried in oirenì hiher than 100°. 

This decomposition behavior has not been reported 

in the literature, but then dilituric acid derivatives 

for hot stage observations have not been studied in 

quite this manner either. 
Several runs were made in water maintained at 

200, 40°, 60°, 80°, and 100°. With several amines, 

notably o- and p-aminopbenol, pale tan solutions turned 

brown above 70° and crystals precipitating from the 



boiling water solutions were brown. If the solution 

were heated only to 7O' tan crystals resulted. Below 

700 all derivatives and dilituric acid precipitate 

transparent crystals, Seventy degrees is the highest 

practical temperature for the derivative preparation, 

to attain maximwn solubility of amine d.iliturate and 

fair yields of transparent crystals. Two amines, those 

noted in Table 12, seem to form a derivative only in 

boiling water. This can be accounted for by insol- 

ubility of the amine. Several others gave better shaped 

crystals if prepared in boiling water, again probably 

due to solubility. 

Recrystallization is not necessary in most cases 

because the first crystals to precipitate are recovered 

and they are usually of good size and shape. No 

difference in behavior was noted between e1l-shaped 

crystals whether or not they were recrystallized. 

As was mentioned previously, primary and second- 

ary amines were included in the study even though much 

has already been done on analysis for these amines by 

optical properties. In two instances the derivative 

here reported is of different crystalline shape than 

that of Plein and Dewey. The difference in shape 

probably is due to the method of preparation. These 
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particular amines consîstently give only one diliturate, 

according to Redemann and tiemann, so although the 

crystals appear different they are the same as the 

derivative used by Plein and Dewey for identification. 

Behavior of Dilituric Acid 

As mentioned earlier, dilituric acid crystals 

appear to be decomposed somewhat by boiling water. Yet 

no one else has reported or commented upon this in the 

literature, possibly because dilituric acid has not been 

extensively used in hot stage microscopy. 

The Organic yntheses (l, p. 58) preparation 

for making dilituric acid specifies boiling water for 

forming the acid and for recrystallization of the pro- 

duct. The crystals are dried at 90 or 115°, depending 

upon whether the trihydrate or the anhydrous state is 

required. If the author's observations are correct the 

product should. be somewhat decomposed by this procedure. 

The crystals actually are opaque as they come from the 

reagent bottle and when recrystallized from boiling 

water show some of the aforementioned shriveled needles 

and resistent diamonds. The opaque crystals will re- 

crystallize to transparent ones from cooler water, so 

they do not appear to be a decomposed state of dilituric 

acid. The needles and rhombs, though, either are an 



impurity that shows up under the microscope or are a 

decomposition product o dilituric acid. 

on a me1tin point block these needles, diamonds, 

and opaque crystals are not seen and the melting point 

of a group of crystals does appear to be the 181-183° 

for the trihydrate or 176° for the anhydrous dilituric 

acid reported in the literature. On the hot stage, 

howcver, crystals can be seen to melt from 159 to 2000. 

The majority do melt at 180° for the trihydrate. Fro- 

longed exposure to boiling water or long drying in an 

1100 oven lowers the melting point. 

Derivatives of this opaque dilituric acid in 

boiling watc r show the needles and diamonds as was 

mentioned before. ome normal derivative does form, 

indicating again that the opaque crystals are not 

different chemically from the transparent recrystallized 

dilituric acid. They are only physically different. 

After long dry.in in the oven, derivatives of 

dilituric acid, show some diamond forms which melt about 

210-215°. 

Possibly the 181-183° melting point reported in 

the literature for dilituric acid. does not correspond 

to a trihydrate, or 176° to an anhydride. On the hot 

stage a much wider range is seen. hile most crystals 



of the trihydrate melt 

as 1600 and as high as 

the range is broad, at 

melt at 176° which is 

point block. 

Some samples of 
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at 181-183°, some melt as low 

200°. In the anhydride also, 

least 200. Again the majority 

hat is noticed on the melting 

recrystallized dilituric acid 

were weighed and dried for various lenths of time in 

90°, 106° and 120° ovens. The standard procedure for 

dryinF, dilituric acid uses 90° and 115°. The resulting 

weight losses ranged from 0.5 to 2.8 molecules of water 

per molecule of dilituric acid, the greater loss fol- 

lowing longer exposure to the 120° oven. No combin- 

ation of oven temperatures and heating times resulted 

in a calculated value of 3 or 2 or i moles of water of 

hydration. 

This behavior may be considered supported by the 

fact that Loeffler and Moore (8, p. 3650) discovered a 

hitherto unreported monohydrate of dilituric acid, the 

composition of which was proved to their satisfaction 

by synthesis and Kjeldahl nitrogen tests. But they 

suggest that the unusually low entropies shown by the 

two hydrates and anhydride indicate that water enters 

the crystal in a random fashion, similar to the arrange- 

ment in zeolitic hydrates, of unknown crystal structure. 
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These two items, the apparent decomposition and 

unusual hydrating of dilituric acid, seei to indicate 

that the state of dilituric acid in solution is still 

unknown. 

while the situation with clilituric acid is in- 

teresting and puzzling, the method is useful, if 100° 

solutions are avoided. It would be most intriguing to 

inquire into what is actually going on in dilituric 

acid, but that is subject matter for another thesis and 

was not here carried further. 

Limits of the !'iethod 

No attempt was made to determine how small a 

quantity of amine could be analyzed by this means, but 

Larsen (7, p. 35l-36) reports that diliturates of 

amines in one drop of liquid can be successfully run 

on a meltinp; point block. of the amine can be 

precipitated by the clilituric acid and recovered from 

the solution if need be. All that is necessary for hot 

stage work is one or tuo crystals large enough to be 

transparent. 

No attempt was made to analyze mixtures but 

Larsen has run small amounts of mixtures successfully 

by optical properties of their dilitiirates. Larsen 

described using fractional crystallization on a slide 
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to separate diliturates of lysine, glycine, alanine, 

isoleucine, and cystine from a mixture and identified 

them by t;iicrorefrctometry and crystal shape. Mixtures 

should be :ell-suited to hot stage work where optical 

behavior can be coupled with fusion behavior. 

3ome Observations About Diliturates 

Colors of white, green, pink, and tan seem to 

be characteristic of amine diliturates, while the 

original amine comounds and dilituric acid are white 

solids or colorless liquids. A few amine diliturates 

exist with more than one color. 3erine, for example, 

gave green crystals of the diliturates in the center 

of the solution while those at the surface of the 

liquid were pink or white. This may be due to air 

oxidation of the derivative but no chemical difference 

is noted between different colored crystals of the 

same amine derivative. Often colored dilituratos fade 

to a very pale shade in a few days. Color, then, 

appears to be a common occurrence but not an essential 

criteria for identification. The coloration could not 

be readily correlated to the structure of' the amine or 

to its solubility. 

It is interesting to note that derivatives seem 

to roup together in their behavior. In Table ' it is 



seen that several crystals etch between 70 and 90°. 

Another group shows this activity about 1100 and there 

is little activity until another group etches about 

150°. Only two etch above 200°. No apparent cor- 

relation exists between amine solubility or structure 

to substantiate this grouping. 

Again there is little variety in rneltin. points, 

as one might expect among thirty amine compounds. 

evera1 crystals exhibit a melting point between 250- 

270° and several others decompose at this temperature. 

hat is so particularly attractive about this temper- 

ature range and why none show decomposition above this 

temperature are two questions raised but not answered 

in this study. 
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SUGGESTED PROCEDURE FOR 
ID ;NTIFICATION OF AN UNKNOWN AMINE 

On the hot stage set to maintain a temperature 

of 7Q0, a small quantity of water is heated. in a beaker 

or on a slide. small quantity of unknown amine and 

an equal amount of bulk dilituric acid are added. After 

a minute, excess solids are filtered off and the 

solution allowed to cool. The first crystals to 

precipitate are separated, dried, and examined. If 

they are of too fine a size or ill-shaped they may be 

recrystallized several times from water at 700. If the 

amine appears too insoluble to give much product at 

7QO the original solution and solids are heated to 

boiling and again filtered to separate the first 

precipitate, recrystallizing if necessary. 

A few good. crystals placed on a half slide and 

covered by a cover glass are placed in the hot stage 

chamber. fter scanning the temperature range to get 

an idea of the changes occurring upon heating and 

carefully regulating the variable transformer to 

obtain the approximate temperature of each change, 

Tables 1 to 12 are referred to. The fusion character- 

istics coupled with the typical size and shape and per- 

haps color of the derivative determine the identity of 

the amine. 
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Identification of Three Unknowns 

To test the method, three unknowns from among 

the thirty amine comounds studied were given the 

author by her major professor. Following are the data 

obtained and the conclusions: 

Unknown No. 1. Good crystals 7 and C) 
were prepared from 700 solutions, pale green or white 

in color. The crystals etched about 105° but did not 

become opaque. A fine, clear sublimate was noticed by 

150°. The crystals gradually blackened and by 220° all 

were opaque, including the sublimate. 

From Table 4 several possibilities were noted 

for crystals etching about 110°. In Table 5 were noted 

three possibilities for sublimates between 100 and 200°, 

serine, i-amylamine, and valine. The diliturate of 

valine, though, melts at 230-235°, as seen in Table 6. 

1eferring to the description of the fusion behavior it 

was seen that i-amylamine is a fine white powder that 

does not become opaque until above 250°. The des- 

cription matched the diliturate of serine quite closely. 

Unknown No. 2. Good crytai 1ates resulted 

from the 700 preparation. The green and 

crystals etched to /7711/ about 70-80°, and gradually 

blackened until opaque at 260°. A brown sublimate was 
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noted by 2600. 

in Tables 3 and 4 diethylamine and lysine are 

the only green crystals etched below 100e. Only lysine 

is mentioned as having a sublimate, Table 5. The 

description of the diliturate of lysine matched the 

data for the unknown. 

Unknown No. 3. Large green crystals were pre- 

pared at 70°, and plates. They darkened 

and shattered above 1400 and are opaçue by 260°. A 

few crystals appear melted above 260°. A red-brown 

sublimate ias noted above 260° also. 

From Tables 3 and 4 only methylamine, alanine 

and aspargine showed darkening about 110-150°. Of 

these only mehy1amine is green. The crystal des- 

cription matched that of methylamine rather well. 

It was concluded that unknown No. 1 was serine, 

No. 2was lysine, andNo. 3 was methylamine. The 

conclusions were correct. The only difficulty en- 

countered with the identification was that larger 

crystals were prepared for the diliturate of serine 

than were ever before obtained. This was misleading, 

but the other data were amply conclusive. 
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TOPICS FOR FURTHIR INVISTIGATION 

The behavior of dilituric acid in boiling water, 

its decomposition products, and its physical state of 

hydration merits further study. Perhaps it is now 

being carried out, as several investigators are 

currently working with dilituric acid derivatives of 

organic bases, and it is probable someone else will 

encounter the saine difficulties with boiling water here 

noted. 

The author would like to attempt resolution of 

mixtures of amines by this method and to adapt it to 

analysis of other types of organic compounds where are 

difficult or impossible to determine at present by 

macro methods. Aglance at the literature shows that 

many investigators working with the hot stage rapidly 

become very enthusiastic about its possibilities, as 

evidenced by the voluminous publications within a 

year's time. Once a method is developed, analysis is 

easier, shorter than macro methods and uses but minute 

quantities of material. 

In addition the author is curious about the 

possible reasons why some cliliturates melt, some de- 

compose, and others merely become opaque upon heating. 
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8UNNJÜ Y 

A method for identification of amine compounds 

is proposed uti1izin the behavior of the dilituric 

acid derivatives on the Kofler hot stage. 

Identification of O amine compounds is des- 

cribed, included are primary and secondary amines, and 

amino acids. Fusion behavior and characteristics of 

the amine diliturates are su,mruarized in 12 tables. 

The study uncovered a problem concerning 

dilituric acid itself. Is clilituric acid a true hy- 

drate or is it a crystal that picks up water randomly, 

and loses it gradually upon being heated? Dilituric 

acid appears to decompose gradually when treated with 

boiling water. The decomposition products appear to 

mask or make more difficult preparation and identif i- 

cation of dilituric acid derivatives if their pre- 

paration is carried out in boiling water solutions. 
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