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SUMMARY

A method for quantitative analysils of ternary mixtures of
nephthalene, l-methylnaphthalene, and Z-methylnaphthalene on the
basis of ultraviolet absorption in the reglion from 3000 to 3300 A
1s presented and the effect of Interference by a fourth sbsorber
wves Investigated. Some data pertinent to possible Interference by
sulfur campounds of the types expected in petroleum are also
included.

Twelve synthetic ternary mixtures of the three naphthalenes
were analyzed with an average error of 0.8 percent of the alkyl-
naphthalenes present.

The method was applied to seven cuts of American crude petro-
leums that distilled at temperatures, which indlcated that the
three lowest boiling naphthalenes constlituted nearly all the con-
densed dicyclic aramatics present. Accuracy in the case of the
cuts of crudes could not be definitely established but was egti-
mated to be about 0.03 percent of the sample.

INTRODUCTION

The steadlly increasing use of high-bolling hydrocarbon fuels
(that is, those distilling above the gasoline range) in Jeb-
propulsion and Diesel engines has led to recent extensive research
to determine whether the efficiency and the performance of these
engines may be markedly affected by some specific compound or by a
particular type of hydrocarbon. These trends have made analysis
of such hydrocarbon mixtures increasingly Important.

Applications of analytical methods established for gasoline
to the hlgher bolling range of kerosens and Diesel oll often change
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the gigniflcence of these methods or render them lnadequate. Con-
denged dlcyclic aramebtlc hydrocarbons constitute one type that 1s pree-
ent in keroseme but not in gasclins. Chemical and physilcal methods

for determining emounts of-thlis type of compound are described In refer-
ences 1 to 3. 'The polserogrephic method of reference 4 determines total
nephthalenes in petroleum fractions for cases 1n which naphthalenes

are the only polynuclear arcmetics present. These methods could be spe-
clific for & perticular naphthalene only if 1t was lsolated by fraction-
ation.

The posglbility of using ultraviolet spectrophotometry for the
identification and estimatlon of alkylnaphthaelenes In straight-run
petroleum distlllates was proposed In reference 5. No method of analy-
slg for the individual compounds, l-methylnaphthalene and
2-methylnephthalene, was established, however, in reference 5. Instead
a method of estimetion was proposed on the besis of an lsomerlc mixture
of these compounds adopted as typical.

A method developed at the NACA Cleveland laboratory end described
herein supplements reference 5 by demonstrating the possibility of guan-~
titative analysis of mixtures of the three alkylnaphthalenes that have
lowest bolling points. Pareffins, naphthenes, olefins, monocyclic and
noncondensed polycyclic eromatics do not interfere with the method. The
possibllity of interference by some sulfur compounds that are present in
petroleum crudes of high sulfur content was considered and the ultra-
violet spectra of four compounds representing three types of sulfur com=-
pound. are Included. The usual procedure of analyzing synthetic ternary
mixtures of the purest campounds avallable and compering the concentra-
tions determined with the known compogitions hes been used to esteblish
the accuracy of the method. As an anslogy of the caee in which dilstllla-
tion might not perfectly isolate the three alkylnapthalenes, the effect
of Interference by a known amount of a fourth absorber has been lnvesti-
gated. Seven cuts of American crudes have alsc been analyzed and the
accuracy of determining a known amount of naphthalene or a
Z2-methylnaphthalene added to one of the cuts was evaluated.

INSTRUMENTS AND MATERIALS

The guexrtz photoelectric spectrophotometer used for the
measurements is a commercielly available instrument described In
reference 6. The instrument was modified to glve greater sensi-
tivity (and thus allow the use of narrower slits) by substituting
a 5000-megohm resistor for the 2000-megolm resistor deslignated R
in the electrical circuilt diagram (fig. 5) of reference 6. A
hydrogen discharge lamp was the source of ultraviolet light.
Extinctlons were read dlrectly from & calibrated dial. The widths
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of entrance and exit 8lits were adjusted by a single knob and were
set at either 0.16 or 0.50 millimeter. The lsococteane solvent and
the solutions of the samples in lsococtane were held in matched
guartz cells 0.50 centimeter thick. Small gquantities of sample
were welghed on an anslytical balance.

The dicyclic aramatics in the following list were used in the
investigatlion:

Hydrocarbon Boill oint Analytlcal wavelength
(°r) (°c) (2)
Nepphthalene 424 218 3110
2-Methylnaphthalene 466 241 3190
1-Methylnaphthalene 473 245 3140

The naphthalene was recrystelllzed from ethanol until its melting
point was 80° C (176° F). The l-methylnaphthalene, synthesized
and purified at Western Regerve Unlversity, Cleveland, Ohlo, was
furnished by Dr. Ollver J. Grummitt. The 2-methylnaphthalene wes
an Eagtmen Kodek Compeny "white label” chemical recrystallized
twice from ethanol to Improve its purity and hamogeneity. These
chemicals were probably above 98 percent in purity. The acenaph-
thene was used as supplied under "white label" by Eastmen Kodak

Company.

The phenyl sulfide, emyl sulfide, dodecyl sulfide, and dodecyl
mercaptan were used as supplied by menufacturers and were probably
above 90 percent in purity.

PROCEDURE AND RESULTS

The ultraviolet absorption spectra of naphthalene,
l-methylnaphthalene, and Z2-methylnaphthalene were meesured in the
range from 3010 to 3240 A with slits set at 0.16 millimeter
(fig. 1). (See reference 5 for the naphthalene spectrum measursd
with 0.50-mm slits.) Measurements at several of the peaks of
absorption were also made with slits 0,50 millimster wide. The
naxrower slit wildth 1s near the minimum that could be used with
the modified instrument and the wider slit width is in the middle
of the range avallable to users of the unmodified spectrcmeter,
Calibrations were made and test analyses run at both these slit
widths to demonstrate the accuracy of the proposed method under
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both improved and normal spectrometer-sensitivity conditiona. The
apectrum of acenaphthene was measured in the region fram 3085 to
3295 A with 0.50-millimeter slits (fig. 2). The spectra of the
sulfur coampounds were measured from 2200 to 3300 A with 0.50-milll-
meter slits (fig. 3).

In the 12 ternary mlxtures prepared, three were blends of
approximastely equal concentratlons of each of the three alkyl-
naphthalenes. The remaining nine mixtures were divided into three
groups ; one of the componenta of each group was Iln low concentra-
tlon relative to the other two. Two synthetic quaternary mixtures
contained these three alkylnaphthalenes in approximately equal
amounts and sbout 1 percent by welght of acenaphthene based on
total alkylnaphthalenes to merve as an interferer.

The mixtures were so diluted with isooctane that the total
alkylnaphthalene concentration was approximately 0.50 gram per
liter; the absorption in a 0.50-centimeter cell was measured at
the wavelengths chosen for analysis at sllt wldths of 0.16 and
0.50 millimeter. Solution of three simultanecus linear equations
as in reference 7 ylelded the spectrophotometryric anslyses.

The following example of an applicatlion of these simultaneous
equations 1s gliven for the 0.1l6-millimeter slit:

Bz140 = 0.5160, + 2.34lc, + l.541c3

where Ezy14, Ezjsg, and Ez19p9 8are the extinctions at the three
analytical wavelengths as indicated by the spectrometer and Cqs

Co) and cz are the concentretions in grems per liter of naph-
thalene, l-methylnaphthalene, and 2-methylnaephthalene, respectively.
The numerical coefficlents are values of the specific extinctions Kk,
which are the absorptions by solutlions of 1 gram per liter in &
l-centimeter cell of the respectlve compounds at the deslgnated

wavelengtha, The calculations are based on a l-centlimeter cell and
the extlinctions ere twice the value of the measured optical density.

For test solution 1, substitution of the experimentally deter-
mined values of 0.989, 0.667, and 0.733 for Ezjjig, ZEzj4g, end

Ez190 &and simultaneous solution of the three equations yields

852"
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concentrations of 41.3, 24.8, and 30.5 percent by weight for cq,
¢y, and cz, respectlvely, as shown in the first row of table I.

Results of the analyses of ternary mixtures of the alkyl-
naphthalenes with 0.16-mlllimeter slits are given in table I and
results of similar anslyses with 0.50-millimeter slits are given
in teble IXI. Differences between the known concentrations cal-
culated from the weights of compounds in the mixbtures snd the con-
centrations determined by spectrophotometric analysis are sglso
tabulated as percentages of tobal alkylnephthalenes and averaged
in tebles I and II. In table III are shown the results obtained
when small amounts of acenaphthene (ebout 1 percent based on total
alkylnaphthalenes) were added to two synthetic mixtures. Concen-
trations of the three principal constlituents in these two mixtures
were calculated as 1f acenaphthene were not present in order to
demonstrate effects of an unsuspected interferer. The true syn-~
thetlc concentratlons are also glven.

The analyses of six fractions (A.S.T.M. end points below 420° 3
(215.8° C)) from Tomball, Bradford, Midway, Yates, and Hastings
crudes are given In teble IV together with A.S.T.M. distillation
data. These low-bolling fractions were used because the end pointe
made 1t unlikely that interfering higher-boiling condensed poly-
nuclear hydrocarbons would be present in signifilcant quantities.

In table V are shown the results obtained when known amounts of
naphthalene and 2-methylnaphthalene were added to the higher-
boiling cut of Hastings crude (278° to 420° F). The ultraviolet
spectre showing these addltions are glven in figure 4. These

known addlitions were determined to within 0.03 percent of sample;
hence, it 1s estimated that the accuracy of the resultes In table IV
is about 0.03 percent of the total sample.

DISCUSSION OF RESULTS

The method proposed herein is applicable to concentratlons
ranging from 0.002 to 100.0 percent by welght. The average of
differences between known and anslyzed concentratlons for the
12 ternary mlxtures was 0.8 percent by welght of the tobtal alkyl-
naphthalenes for measurements with 0.16-millimeter slits and
1.2 percent for measurements with 0.50-mlllimeter slits. The
lower accuracy at the wider slit setting was expected and the
0.8-percent deviatlon was consldered satisfectorily low. The
result that deviations In the determinatlions of low concentratlons
were 1in nearly all cases less than the average when 0.1l6-millimster
8lits were used was unexpected. Inspection of tables I and II
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shows no significent trend In devietions with respect to sign.
Differences between the average deviations for each component are
herdly large enough to be significant but they were slightly lower
in the case of 2-methylnaphthalene.

Isooctane, & trensparent paraffinic solvent, constituted more
than 99 percent of eech of the solutions meesured in the spectro-
photometer. Naphthenes, olefins, conjugated olefins, monocyclic,
and noncondensed polycyclic aromatics are also essentially trans-
parent in the 3100 to 3300 A region; hence, the analyses may be
porformed in the presence of these types of hydrocarbon compound.
The problem of obtalnling samples that contaln only naphthaelene and
the methylnaphthalenes from crudes that may contaln numerous com-
pounds in the alkylnephthalene series has not been investigated.
Bthylnaphthalenes and propylnaphthalenes ere the most probable
interferers but because of thelr unavailability at this time the
tests with acenaphthene (b.p., about 538° F (281° C)) were sub-
gtituted. The bolling polnt of acenaphthene is ebove the range
for the alkylnaphthalenes consldered but 1t ls one of the most
serious possible interferers known and has absorption that averagea
about three times es intense at the analytical wavelengths as the
ebsorption by each of the other components. The presence of approxi-
mately 1 percent by welight of acenaphthene (based on total alkyl-
naphthalenes) purposely asdded to mixtures 13 and 14, but treated as
an unsuspected Interferer, ylelded an aversge deviation of 1.2 per-
cent for measurements with 0.16-millimeter sllita. This deviation
is indeed small. The value of 4.1 percent obtalned when slits were
0.50 millimeter wide 1s nearer the expected valuse.

In general, the spectra of the sulfur campounds shown in
figure 3 indlcate that they would cause slightly more serious
interference with determlinations of monocycllic aromatics as pro-
posed in reference 7 than wilth the present method for alkylnaph-
thalenes. Consequently, the monooyclic aromatic absorption reglon
from 2200 to 2800 A 1s also included in these spectra. On the
basia of these sulfur-compound spectra, the presence of 1 percent
of these compounds on the hasls of total alkylnaphthalenes would
be expected to cause the sum of alkylnaphthalene determinsgtions to
be high by not more than the following pereentages :

Sulfur compounds Increase due to presence
of 1 percent of compound
(percent)
Dodecyl mercapten 0.0007
Dodecyl sulfide .03
Ayl sulfide .04

Phenyl sulfide 3

852
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The boiling point of phenyl sulfide is about 556° F (296° ), hence
it would probably be reduced to & negligible concentration if ethyl-
naphthalenes were successfully removed from & sample by distilla-~
‘tion. In the case of some cuts from crude petroleums of high
sulfur content, selective removal of the sulfur compounds would
probebly be necessery.

SUMMARY OF RESULTS

On the basie of ultraviolet spectrophotametric measurements in
the region from 3000 to 3300 A, the following results have heen
obtained:

Synthotic ternmary mixtures of naphthaléne, l-methylnaphthalene,
and 2-methylnaphthalene were gquantitatively analyzed with an aver-
age error of 0.8 percent of the alkylnaphthalenes pregent.

The method was applied to cuts of crude petroleum and the
average error was estimated to be about 0.03 percent of the total
sample.

Flight Propulsion Research Laboratory,
National Advisory Commlttee for Aeronautics,
Cleveland, Ohlio, November 12, 1947.
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TARLE I - ANALYTIAL RESULTS ON SYNTHETIO MITTURES OF ATEYLNAPHTHALENES

U9ING ULERAVIOLER SPECTROPHOTOMETER WITH 0.16-MILLIMEIER SLITS

Solution | Tobtal alkyli~ Foown odmposition Canpositions by analysis and differences Averngs porcentags
paphthalsnss (percenmt by welght) batween analyzed and known oozpositicns Aiffarance per
in solution (percent by weight) aolution
{grem/1iter)

Nephtbalene | 1-Methyl- 2-Methyl- Hephthalene 1 -Methyluaph- 2-Mathylnaph -
nephthalens | naphthalens thalens thaleno
Aval- | Differ-| Anal- [Differ- | Anal- | Differ-
yzod onoe Yol ence Fred ence
1 0.5279 43.6 25.0 3.5 41,3 -2,5 24.8 ~0,2 30.5 «1.0 1.2
2 .8876 30.1 28.5 41.8 30.8 .5 26.7 -1.6 41,5 -5 .8
3 5591 28.8 51.4 39.8 27.2 -1.6 30.5 -8 37.2 2.8 1.7
4 AST0 7.5 41,1 51.3 7.0 =5 41.7 .8 80.5 -8 .6
5 .6198 8.2 40.8 51.0 . 8.8 -l.4 57.8 ~3.0 51.9 .9 1.8
8 . 5290 .3 53.1 42.6 3.8 =5 55.5 .8 43.3 o7 .5
7 .5839 56.2 3.2 40.5 §7.4 1,2 2.7 -5 40.8 .1 .8
8 .5184 52.6 8.2 4.2 5%.2 .8 6.3 oL 40.6 -6 o
8 , 7095 48.1 6.3 45.6 48.6 -5 5.2 -1 .4 -2 .6
10 5442 80.7 35.2 4.1 80.3 - 37.0 1.8 4.1 0 o7
11 3717 48.9 45,2 7.9 46.8 -1 46.8 1.6 4.2 .3 o7
12 7808 34.8 5.1 2.1 34.7 -] £5.2 .1 1.7 ~od .2
Average difference per camponent 0.8 0.9 0.7
Over-all averags diffarence 0.8

*ON NL VIVN
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TABLE IT - ARALYTICAL RESULTS OW SYNTHETTC MIITURES (F ALEYIWAPEVHALNNES USING O.50-MILLTMEFER SLITS

Solation | Tobal alkyl- Enown compoaition’ Composition by analysis snd Aifferences Averags percentage
naphthalenes (psroe:q:. by welight) batveen snalyzed ani known campoaitions diffsrence per
1n golutiion i {percent by weight solution
{grem/liter) [~ -

Naphthalene 1-Methyl- 2-Methyl- Baphthalene l-lbt.:bylnnph_- 2-Hethylnaph-
naphthelsns | naphthalene thalsns thalens
Anal- | Differ- | Anal- |Differ- | Ansl- | Differ-
yzed moe yied endo yred mpe
1 0.5279 43.8 25,0 31.5 4.0 0.4 24.1 =0.9 2.5 1.0 0.8
2 . 8876 50.1 2a8.3 41.6 31,5 1.4 £6.7 =1.8 41.3 =3 1.1l
3 .B391 26.8 81.4 39.8 25.3 3.5 30.8 -.6 384 -1.4 1.8
4 4570 7.5 41,1 51.3 6.1 ~1.,4 41.9 .8 52.0 o7 1.0
s .6184 8,2 40.8 51.0 9.8 1.8 57.5 5.5 50.1 -9 1.8
¢
6 .5290 4.3 63.1 42.6 2.8 =1.7 53.7 .6 41,9 -7 1.0
7 .5839 58.2 5.2 40.5 57.8 1.4 7 -2.5 42,1 1.8 1.8
8 ,5184 62.8 8.2 4l.2 5.4 -1,2 5.5 -7 42.5 1.1 1,0
2 .7033 49.1 5.3 45.6 48.5 ~.6 4.4 -8 b4 =1.2 .9
10 5442 80,7 35.2 4.1 61.3 .8 36.9 1.7 4.1 1] .B
11 3707 46,9 45.2 7.8 7.7 .8 47.2 2.0 a.5 b 1.1
12 7606 4.8 63.1 2.1 4.5 =5 63.1 0 1.0 -1,1 ]
Averagn difference por component 1.5 1.8 0.8
Qver-all averege Adiffersnce 1.2

o]}
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TABLE TTI ~ EFFECT (OF SMALL AMOUBTI F ACENAPHTHENE ON AOCUBACY (F ALXYLEAPHTHALENE DETERMIMATION

USTNG ULTRAVIOLET SPRCTROPECROMETER WITH 0.18- AND 0.50-MILLIMETER SLI9'S

852

Solution |Total alkyl- Enown compoaltlon based Acenephthens | Compositions by analysis and differsnces |Aversge percentage
naphthalenss on alkylnephthalenss aided in between analyzed snd known compoaitions |difference per
in soluticn (percent by weight) porosnt of (percent by weight) solution
(gram/11ter) alkylnagh-

FWaphthalene | 1-Methyl-~ 2-Mathyl- thalonea Naphthalens | l-Methyl- 2-Mathyl-
naphthalene | naphthalens paphthalens | naphthalece
Anal - [Diffor- (Anal- |Dif fer- | Anal- |Diffar-
yrod [emca Jrsd |ence yred |ence
With 0,16-millimeter alite
13 0.5745 28.8 31.4 39.8 1.4 31.5 2.5 |[32.8 1,2 [40.0 0.2 L3
14 .8522 45,2 5.3 45.5 1.0 51.7 2.5 5.9 5 |45.3 -.2 1.1
Avarage differsnce per componant 2.5 0.9 0.2
Over-all averege dlfferemoe 1.2
With 0.50-millinster elite
13 0.5745 208.8 31.4 33.8 1.4 50.7 1.9 |3l.4 0 41.6 1.8 1.2
14 .8522 49.2 5.3 45.5 1.0 63.8 | .6 -2 | 5.5 |48.4 .8 7.0
Averaps differsnce per componsnt 8.3 2.8 1.4
Over-all averags difference * 4.2

"ON NL VOVN
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TABLE IV - ARALYTICAL KESULTS OX STRATQHT HUN FRACTIONS OF AMERICAN CRUDES

Crode Percent evaporated Volume alkylnaphthalenes found
(percent)
10 BD %0 Ed -
poimt 0,18-millimeter glits 0,0-m11limeter slite
A.5,T.M, digtillagtion temparature | Naphthe- |1-Methyl- | 2-Methyl- | Total Naphtha- [1-Methyl- | 2-Methyl- [Total
{°F) lene naphtha- | pephthe- |alkyl- | lens naphtie- |paphtha~ |alkyl-
lene lena naghthe- lene lens naphtha-
Lenes lenes
Tonball 1A 224 262 315 338 0,014 0.012 0.005 0.051 0.014 0,012 0.007 0.033
Bradford ZA 138 24 311 312 .021 058 022 .081 015 039 . 028 .085
Midway 3A 1% 262 357 396 129 .072 .08 239 124 L0712 069 .265
Tates 4A 203 259 311 35 +OBk 067 035 .168 081 042 .052 175
Hasbings SA 158 215 272 3le 006 0085 .002 013 +008 005 .003 JOLé
Hrstings 3B 308 43 388 420 504 070 102 476 288 082 .108 460

[4:]
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TABLE V - TWO CASES (F RECOVERY (F AN ALXYLNAPHTHALENE ADDED TO A CUT OF HASTIRGS CRULE

852

Sample Alkylnaphthalens, parcent by yolume
Hith 0,168-millimeter slita With 0.50-millimeter alits

Naphtha= ; 1-Mothyl- | 2-Methyl- Total Naphthe~ 1l-Methyl- | 2-Msthyl- Total

lens naphtha- | neghtha- alkyl- lens naphtha- | paphtha- alkyl=-
lane lone naphtha- lene lano naphtha-

lene lena
Hastings 5B, initial composition® 0.304 0.070 0.102 0.475 0.289 0.062 0.109 0,480
Added alkylnaphthalene 440 .000 .000 +A40 440 000 .000 440
Caloulated composition 4 070 .102 916 728 082 .108 .900
Analyzed composltion 724 086 115 +905 757 049 s 921
Diffarsnces -,020 -.004 013 -.011 028 =003 .008 A2l
Hastinge 5B, initial composition® 0.30¢ -0.070 0.102 0.476 0.289 0.052 0.108 0.460
Addod elkylnaphthalene 000 000 A58 454 .000 .000 454 454
Oalculated compoeition 304 .070 558 550 .289 082 -565_ 914
Analyrsd compoaition +296 047 548 .889 .328 47 530 ,808
HMTf arences -.008 =083 -.010 -.041 038 =015 -.053 -.009

e table IV for composltion befors addition.

“ON N1 VI¥N
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Circles denote similar measurements
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