
DE TE R1flN AT I ON O F MOLE CULAR WEI GHTS 
OF CERTAIN ORGANIC BASES BY TI 

ULTRAVIOLET ABSORPTION SPECTRA OF 
THEIR 2-NITRO-i ,3-INDANDIONATES 

by 

GEORGE ALFRED ELLE STAD 

A THESIS 

submitted to 

OREGON STATE COLLEGE 

in partial fulfillment of 
the requirements for the 

degree of 

NASTER O SCIENCE 

June 1959 



ACKN OLEDGEMENT 

The author wishes to express his gratitude to 

Dr, B. E. Christensenì and Dr. E. N. Marvell for their 
guidance during the preparation of this thesis. 



APPROVED: 

Redacted for Privacy 
£LUtJJ Vi 

In Charge of Major 

Redacted for Privacy 
Thhairxi Departmeft of Chemistry 

Redacted for Privacy 

Chairman f School Graduate Conmilttee 

Redacte'd for Privacy 
of Graduate Sohool 

Date thesi8 is presented August 29, 1958 

Typed by Lush N Potter 



TABLE 0F CONTENTS 

page 

Introduction . . . . .. . . . . . . . . . . . . . . . . . e . , i 

History ........... ...............s............. 3 

Theory 5 

Experimental Procedure ..,.....,.,..,.,..,. 7 

Tab'e I .sssq*.s.I...sse*. 8 

T able II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Figure I ............ ........... ............ il 

Discussion .CCIIIeIIeeSSØ 12 

Limitations 12 

Precision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , , 13 

Sumniary esesIees.........e....e..e.. 15 

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . e . . . . 16 



DETERNINATION OF MOLECULAR WEIGHTS 
OF CERTAIN ORGANIC BASES BY THE 

ULTRAVIOLET ABSORPTION SPECTRA OF 
ThEIR 2-NITRO-1,3-INDAND1TATES 

INTRODTJ CTI ON 

This investigation was undertaken in an attempt 

to determine whether ultraviolet absorption of some amine 

2-nitro-1,3-indandionates could be used to deterxri.ne the 

molecular weights of the amines. The use of ultraviolet 
absorption for this purpose assumes that the molecular 

extinction coefficients of the amine 2-riitro-1,3- 
indarìdiorates are constant and nearly the same as that 
of 2-nitro-1,3-iridandione. 2-Nitro-1,3-indandione has a 

maximum absorption at 3L.7 ni? in aqueous media. Since 

many organic bases do not absorb above 300 ni,, it seemed 

probable that the amino 2-nitro-1,3-indandionates could 

be employed advantageously for the above mentioned 

purpose. 

It is a well known fact that the determination of 

molecular weights is mandatory for elucidating the 

molecular formulas of unknown organic compounds. Although 

there are several methods which have served this purpose 

in the past, many are inaccurate, cunibersome in operation, 
and in many instances not applicable to a given problem. 

Thus, any method which is simple, accurate, and that has 

wide applicability is highly desirable. 
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This thesis describes the applications and 

limitations of this spectroscopic method of molecular 

weight determination with a series of aliphatic, 

aromatic, arid heterocyclic bases. 
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II iST CH IC A 

Christensen, Wang, Davies, and Harria have 

previously used amine 2-nitro-1,3-indandionates as a 

means of identification of organic bases by melting 

point and neutralization equivalent (3, p. 1573-157S). 

Although neutralization equivalents were obtained for 

most of the 2-nitro-1,3-indandionates, the mono, di, 

trialkyl and other more basic amines formed crystalline 

salts 'thich did not hydrolyze sufficiently to 4ve 

neutralization equivalents. Only in those cases in 

which the ionization constants of the bases were kown 

to be less than io6 were acceptable titration values 

obtained. Therefore, neutralization equivalents are of 

limited value for molecular weight determinations of 

amine indandionates. 

The application of ultraviolet absorption 

spectroscopy to the determination of molecular weights 

was first studied by Cunninghan,, Dawson, and Spring 

(14, p. 2305-2306). They were able tc. determine the 

molecular weights of bases and hydrocarbons by absorption 

of their picrates. This procedure has also been applied 

to saturated aldehydes and ketones by the use of 2,L- 

dinitrophenylhyclrazones (1, p. Li.98-503). Similarly, the 
molecular weights of saturated alcohols can be determined 
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from the absorption of their 2,14-dinitrophenyipropionyl 

esters p. 2108-2110). 
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Two basic requirements for this spectroscopic 
method are i) that 2-rxitro.-1,3..indandione have a maximum 

absorption at a wavelen.gth longer than most organic 
bases so that the amine salts of this acid should have 

constant molecular extinction coefficients, and 2) that 
2-nitro-1,3-indandione have an extinction coefficient 
of at least 10,000 in order to obtain accurate results 
with micro quantities nd in the presence of trace ini.. 

purities. Since the ultraviolet spectrum of 2-nitro- 
l,3-indandione has not been published, it was necessary 
to determine its spectra and ascertain whether it does 

indeed meet the above stipulations, 2-Nitro-1,3- 
indandione gave a molecular extinction coefficient of 

21,060 at 37 m. Obviously organic bases with 
appreciable absorption in the region of 320 to 360 riip 

cannot be treated by ti1s method. This does constitute 
a definite limitation for this procedure. 

By measuring the extinction coefficient one per- 
cent one centimeter, designated as E%Ø1, at 317 my, 

of a representative number of known 2-nïtro-1,3- 
indandioriates, the molecular weights of these salts have 

been determined using the following relationship: 

21,020 = x M/lO cm. 



where M Is the molecular weight, and 21,020 is the E 

value obtained from the average of the salts used. 

It has been previously determined that in highly 

dilute aqueous solution, the 2-riitro-1,3-indandione ion 

is the absorbing agent and exists in the enol form. In 

solvents of low dielectric constant such as ether and 

dioxane, in which the energy of localization of the 

electrons is high, the enol form slowly transfers into 

the diketo form; the rate of reaction being proportional 

to the dielectric constant (6, p. ¿4.6). Thus it is seen 

that this procedure may be applied only in the presence 

of solvents of relatively high dielectric constant. 
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EXPERIMENTAL PROCEDURE 

The E1 was determined for a number of known 
i cm. 

2-nitro-1,3-indandionates in aqueous medium uslnp 

matched quartz cells and a Beckman DU spectrophotometer. 

Samples of approximately six milligrams per liter were 

used since this amount gave an optical density of 

maximum accuracy for the spectrophotorneter. Three 

separate determinations were made on most of the salts 

to obtain an average E°cm From this value and 

knowing the average molecular extinction coefficient, 

the molecular weights of the salts were determined, 

The total spectrum of 2-nitro.-1,3-indandione is shown 

along with those of two other salts to bring out the 

basic similarities in their absorption. 

The 2-nitro-1,3-indandione salts were prepared in 

the following manner. A stock solution of the acid was 

made by dissolving five grams of the 2-nitro-1,3- 

iridandione in 150 milliliters of acetone. To approx- 

irriately i;o milligrams of the amine in a minimum amount 

of acetone, was added a slight excess of the stock 

solution, Most of the salts crystallized immediately 

and those that did not were placed in a refrigerator 

for several hours, Te salts were recrystallized from 

aqueous alcoiol (3, p. l7). 
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TABLE I 

2nitro1,3-indandiOflate A c E1% 
gm./100 ml. 

m-Aminoberizoic acid 0.362 5.636 x 1O 6L1.).O 

p-Aminobenzoic acid o.L1J40 6.723 653.8O 
7.00 63.L.o 

0.561 8.066 659,90 

o-Amlnop}ienol 0.31j7 L1..922 70L.30 

p-Amirìophenol 0.516 7.L63 690.70 
0.559 8.109 688.70 
0.561 8.066 6914..80 

5-Aminouracil o.)4.6 7.LJ4. 665.60 

Aniline 0.5214 7.009 7L6.90 
0.SLi.0 7.314.0 735.00 
0.553 7.t62 7L.0.30 

o-Anisidir'e 0.L66 6.9].L. 673.30 
0.600 8.963 668.80 
0.502 7.Li-93 669.30 

p-Ariisidine 0.14.81 7.100 676.80 
0.L55 6.810 667.50 

Benzylamine 0.528 7.630 691,30 
°'51k3 7.8L.5 691.50 

7.011 695.30 

Caffeine 0.363 6.555 553.20 
0.3L.6 7.155 552.90 
0.383 6.L.29 552.20 

o-.Chloroaniline 0.335 5.001 669.20 
0.L.53 6.978 6L8.5o 
0.319 5.26 662.20 

p-Chloroaniline 0.L1.52 6.8L.i 660.10 
0.175 7.152 663.50 
0.L.02 6.083 660.90 



TABLE I - Cont. 

Dicyclohexylamine O.381. 6.750 568.30 
0.L3S 7.6L.6 568.Lo 
0.L1.33 7.615 568.10 

Dihexylamirie 0.276 5.018 5L.9.50 
0.356 6.268 567.Lo 
0.360 6.L.o9 561.20 

Dilsohexylamine 0.372 6.773 51i.8.70 
0.350 6.373 5L.8.6o 
O.L25 7.609 558.00 

Diamylarnine 0.521 8.606 60L..80 
0.367 6.156 595.60 
0.L90 8.i5o 600.6o 

Ethanolarrilne 0,783 9.282 8L.2.70 
0.605 7.1UO 814.50 
0.503 6.022 83L..Lo 

Ethylnicotinate 0.L99 8.000 623.10 
0.3L2 5.558 61L.7o 

Furfury1amne 0.L36 5.963 730.50 

Morpholine 0.5143 7.117 762.20 
0.1400 5.293 755.00 
0.1453 5.97L1, 757.50 

3-Picoline 0.575 7.700 7146.00 

Pyridine 0.5145 7.058 771.140 
0.532 7.866 7714.10 
0.628 8.014]. 780.20 

o-Toluidine 0.1465 6.566 707.50 
0.1452 6.397 705.90 

p-Toluidine 0.512 7.310 699.70 
0.1428 6.1014 701.20 
o.L.87 6.9141 701.00 

Triethanolamine 0.14140 7.875 621.60 
0.375 6.022 622.10 
0.1493 7.888 6214.140 
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TABLE Ii 

2-nitro-1,3- Average Calcd. % Error 
iridandioriate I'oi. Wt. Mol, 't. 

Found 

m-Aminobenzoic acid 327 328 -0.31 
p-Aminobenzolc acid 322 328 -1.83 
o-Aniinophenol 298 300 -0.67 
p-Aminophenol 3OI. 300 +1.33 
5-Aminouracil 316 318 -0.63 

o-Anisidine 313 31L. -0.32 
p-Anisidine 313 31L. -0.32 
Benzy].aniine 303 298 +1.68 
Caffeine 380 385 -1.30 
o-Chloroariiline 318 319 -0.31 
p-Chloroaniline 318 319 -0.31 
Diamylamlne 350 351 -0.29 
Dicyclohexylarnine 370 372 
Dihexylamine 36 376 0.00 
Diisohexylarnine 3l 376 +1.33 
Ethanolamine 250 252 -0.79 
Ethyl nicotinate 30 3L2 -0.56 
Furfurylamine 288 288 0.00 
Mprpholine 2fl' -0.36 
3-Picoline 286 2bL. -0.70 
Pyridine 271 270 +0.37 
o-Toluidine 298 298 0.00 
p-To1uidne 300 298 0.67 
Triethanolamlne 338 31i.0 -0.59 

Average error 

TLc concentriions of the compounds listed in Figure 1 
are as follows: 

2-nitro-1,3-indandiono 8.80 rag./liter 
Aniline 2-nitro-1,3-indandionate 6.LiO mg./liter 
Pyridine 2-ni tro-i ,3-indandioriate 7 .9L. rng./liter 



Ultraviolet Spectra of Aniline 2 -nitro -1,3- indondioriate 

(- ), Pyridirie 2-nitro-1,3-indondionote (-------), and 

2-nitro-I,3-indondione (-----). 
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DISCUSSI O?T 

The value of an experimental proceeding of this 
type must be judged ori the basis of 1) the generality 
of application, 2) the inherent accuracy attainable and 

3) the simplicity or lack of it in the experimental work 

itself. These items will be discussed here in that 
order. 

Limitations 

As mentioned previously, compounds with appreciable 
absorption in the region of 3L.7 m4p cannot be treated by 

this method. Thus, riitroanuline, dinitroaniline, and 

compounds of similar nature cannot be used. Generally 

one can predict with a fair degree of accuracy whether 

or not a compound will absorb in this region as follows. 
Aliphatic amines do riot absorb above 200 mp and aromatic 
amines above 260 m. The maximum wave length is pushed 

further towards the visible when electron attracting 
substituerits are in ari ortho or para position on the 

ring. lience the nitroanulines (ortho and para) have 

maximum wave lengths near enoug to 3L.7 to interfere. 
In other words, as the basicity of a series of comounds 

is decreased, their maximum absorption is shifted to a 

wave length that is longer. Ïn connection with this 
statement, compounds with a sufficient number of electron 
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attracting substituerits will increase the acidity to the 

extent that salt formation with 2-nitro-.l,3-indandione 

will be extremely difficult if not impo8sible. Diphenyl- 

amine proved to be an example of such an amine. 

Precision of Method 

The precision of this method is dependent upon a 

few inherent errors which are not serious if good 

technique is used on the part of the operator. If the 

spectrophotometer is in optimum condition, the absorbance 

values may be reproduced with an error of plus or minus 

one percent. In connection with determining absorbance, 

cells which are riot clean m.y also lead to considerable 

variation in the extinction coefficient. 

Another source of error, although of lesser 

significance providing the sample is pure, is in the 

weighing operation. Samples were weighed to the nearest 

thousandth of a milligram on a Mettler micro-balance. 

An error of twenty thousandths of a milligram will 

produce a fluctuation of one percent in the extinction 

Coefficient. 

The last source of error is in dissolving the 

salt. Most of the compounds had to be heated in order 

to dissolve them; thus cooling to room temperature was 

necessary before dilution to avoid errors in the final 
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volume. It was calculated, however, that an error of 

three milliliters per liter was necessary to give a 

variation of one percent in the extinction coefficient. 

As can be seen from the results, the average 

error incurred was O.8L. percent. Since this value was 

well within the precision of the spectrophotonieter no 

attempt was made to correlate tieoretical errors witi 

variations found in the extinction coefficients. Since 

different values for the molecular extinction coefficient 

may be obtained on two different spectrophotometers, it 

is advisable to standardize the instrument to be used 

against known 2-rìitro-1,3-indaridionates. 
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SUMMARY 

A spectroscopic method for determining molecular 

weights of organic bases has been described. The 

molecular weights of a number of known bases were 

reproduced by measuring the at 3L.7 m)i of their 
1. cm. 

2-nitro-1,3-indandiorìates. This procedure is based on 

the assumption that the amine does not possess apprec- 

iable absorption at 3Li.7 m and that the absorption 

originates in the 2nitro-1,3iridandionate ion. 

This method possesses many desirable character- 

istics. It is accurate to within plus or minus two 

percent, easy to carry out, and is applicable to a 

relatively large number of organic bases. In certain 

instances already existing methods are neither 

convenient nor applicable and in many cases relatively 

inaccurate. Therefore, it is believed that the 

described procedure will provide the organic chemist 

with one more useful tool for the elucidation of 

structures of unknown organic compounds. 
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