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This invention relates to an improved method 
for determining the percentages of mono-ole?ns 
in hydrocarbon mixtures. In accordance with 
this invention a suitable light source and appa 
ratus are employed in conjunction with a sample 
of a hydrocarbon mixture to be analyzed, so that 
the Raman spectrum of the sample is produced. 
The Raman lines characteristic of the particular 
hydrocarbon mixture are then analyzed accord 
ing to the process of this invention to enable the 
determination of the total ole?n content of the 
hydrocarbon mixture. 
In the chemical industry generally, and partic 

ularly in the petroleum re?ning industries, it is 
frequently of importance to be able to determine 

2 
invention has been developed, making possible the 
identi?cation of the percentage of ole?ns present 
in a mixture from a consideration of the Raman 
spectrum produced from the mixture. 
In order to permit a thorough understanding 

of this invention, the following description has 
been prepared directed to an explanation of the 
accompanying drawings wherein: . 
Figure 1 diagrammatically represents suitable 

apparatus which may be utilized in obtaining the 
’ Raman spectrum of a particular mixture in ac 

15 
the percentage of ole?ns present in a hydrocarbon ' 
mixture. Such a determination may be made for 
a wide variety of purposes. For example, it may 
be useful in adjusting fuel quality to determine 
the ole?nie content of a base fuel stock. Again, 
it may be desired to employ particular propor- ' 
tions of ole?ns in a chemical reaction, such as an 
alkylation reaction. In either case, the ole?ns 
are generally derived from a hydrocarbon mixture 
of uncertain or varying composition necessitating , . 

a determination of the ole?nic content of the 
hydrocarbon mixture. From these general ex 
amples it is to be understood, therefore, that the 
present invention is of broad application to any 
situation wherein it is desired to establish the 
ole?nic content of a hydrocarbon mixture. 
As is well known, when a beam of light is passed 

through certain substances, part of the light is 
scattered so as to produce light of a wave length 
different from that of the exciting radiation. 
This scattered light constitutes the Raman spec 
trum of the substance. If the Raman spectrum 
‘of a particular substance is examined, it is found 
that it consists of a series of lines of extremely 
low intensity having both longer and shorter 
wave-lengths than the exciting line. A basic 
principle on which this invention depends is the 
discovery that certain Raman lines are always 
produced when ole?ns are subjected to exciting 
light. Thus, when a hydrocarbon mixture con 
taining ole?ns is subjected to an exciting light, 
it will be found that Raman lines will be produced 
uniquely characteristic of the ole?ns present, even 
though many other Raman lines are producedby 
other constituents of the hydrocarbon mixture. 
It has furthermore been discovered that a definite 
relation exists between the intensity of the char 
acteristic ole?nic Raman lines and the concen 
tration of the ole?ns present. Consequently, in 
light of these basic principles, the process of this . 
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cordance with this invention, and; 
Figure 2 represents a typical record resulting 

from scanning a portion of the Raman spectrum 
showing the de?nition of the quantities “scatter 
ing coe?lcient,” “scattering area” and "peak ‘base 
width,” used in the analysis procedure of this 
invention, and; 
Figure 3 represents a graph of the scattering 

coefficients of various ole?nic types as determined 
by the method of this invention plotted against 
the mols of mono-ole?ns per milliliter in the 
samples employed. 
Referring now to Figure 1, the numeral l desig 

nates a sample cell in which the hydrocarbon 
‘ mixture to be analyzed may be held. The sample 

98 in 

cell may conveniently be constructed of glass. 
Suitable openings are provided in the cell to 
permit introduction of the hydrocarbon mixture 
to be analyzed. While the sample may constitute 
either a liquid or a gas, it is to be noted, that 
the present invention is of greatest utility in 
determining the percentages of fairly high boiling 
ole?ns, not readily determinable by conventional 
means, so that in, general the mixture to be 

~ analyzed will consist of a liquid mixture of hydro 
carbons. Due to the light to which the sample 
cell is exposed, the sample cell may become quite 
hot; consequently, it is generally the practice to 
surround the sample cell, except for the- faces 
thereof, with a suitable cooling jacket so as to 
permit maintaining the cell at a reasonable tem 
perature. It is furthermore the general practice 
to suitably shield the sample cell with a medium 

. adapted to absorb undesired light energy. 
A suitable light source 2 is positioned adjacent 

the sample cell l in such a manner as to cause 
light to fall on the cell. If desired, a second light 
source may be positioned on the opposite side of 
sample cell I so that the light may be thrown on 
the cell from both sides thereof. It is desirable 

- that the light source 2 be of such a character as 
to provide predominantly light energy of a single 
frequency. For example, it is suitable to employ 
a mercury vapor lamp or a sodium vapor lamp as 
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the light source 2. It is clearly important to use 
a light source having as great an intensity of 
light as is practical. In accordance with the prin 
ciple discovered by Raman, when light from the 
source 2 falls upon the mixture of hydrocarbons 
in cell I, scattered light will be produced which 
may be readily detected at a point outside the 
general path of light from the source 2. For ex 
ample, scattered light will be produced from a 
hydrocarbon mixture contained in cell i which 
may be detected at the position occupied by the 
mirror 3 in Figure 1. Thus, the scattered light 
or the Raman lines produced from the hydrocar 
bon mixture may be focused by a suitable lens 
system l so as to fall on the mirror 3. The Raman 
lines are reflected from the mirror 3 into the en 
trance slit of a monochromator 5. The total 
Raman lines introduced to the monochromator 5 
are dispersed by the monochromator into a 
Raman spectrum which may be observed at the 
focal plane of the exit slit of the monochrome-tor. 
In the actual practice of this invention, a drive 
assembly is employed in conjunction with the 
monochromator so that the lines of the Raman 
spectrum are continuously scanned across the 
exit slit of the monochromator in continuous suc 
cession. Adjacent the exit slit and in the path 

5 
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of the light emitted therefrom, is positioned a _ 
suitable lens system ‘I to cause the light issuing 
from the monochromator to fall on a suitable de 
tector 8. While sensitized photographic plates, 
or other detecting means may be employed, it is 
a particular feature of this invention that a photo 
multiplier tube be used as the detector element. 
The output of the photo multiplier tube may then 
be ampli?ed by a suitable ampli?er 9 and this 
ampli?ed output may be recorded by a high speed 
recorder 10. The record of the recorder ll will 
consist of a continuous plot of wave length vs. 
intensity over the band of wave lengths for which 
the monochromator is adjusted to scan. 
In considering the nature of the light energy 

detected by the detector 8, it will be found that a 
high intensity signal will be received at a wave 
length corresponding to that of the light source 
used and that lower intensity signals will be re 
ceived at higher and lower wave lengths. Thus 
in the case in which the light source 2 is a mer 
cury vapor source, the detector 8 will register a 
high output for 4,358 angstrom units. Longer 
and shorter wave length light of markedly lower 
intensity will also be received, falling on either 
side of the wave length of the exciting light. In 
general. the lines falling on the longer wave 
length side of the exciting light are conveniently 
employed in the practice of this invention. A 
sutable method of expressing the nature of the 
lines is to express their spectral position in terms 
of their distance from the exciting line expressed 
in wave numbers. This frequency difference may 
be designated as the "wave number shift” 
(Av cm?!) . 
If a continuous Raman spectrum, such as that 

emitted from a hydrocarbon mixture excited by 
suitable light, is examined, it will be found that 
above the wave length of the exciting light, the 
intensity of the light will vary as a function of 
the wave length in a manner which may be rep 
resented on a curve by peaks and valleys. This is 
true since all hydrocarbons have characteristic 
Raman spectra so that the presence of particular 
hydrocarbons will cause an increase in the in 
tensity of the Raman spectra at particular fre 
quencies. In the case of ole?nic type hydrocar 
bons it has been found that Raman lines are ob 

tained which are concentrated in the 1630 to 
1680 wave number shift region. This effect pro 
vides a convenient manner of determining the 
total ole?nic content of a hydrocarbon mixture. 
However, application of this principle in an actual 
analysis is subject to two principal complica 
tions. 

First. in actual practice, it is found that in con 
tinuously scanning a spectrum emitted by a hy 
drocarbon mixture, slight shifts in the intensity 
at the point at which the characteristic oleilnic 
lines appear will be encountered. This is princi 
pally due to slight ?uctuations in the intensity 
of the light source and to variations in the output 
of the detector and electronic component asso 
ciated therewith. To correct for this effect, it 18 
generally the practice to utilize a suitable con 
trol standard such as carbon tetrachloride. 
While carbon tetrachloride will be used as an ex 
ample ci a suitable control standard throughout 
this specification it must be understood that 
many other standards may be employed if de 
sired. Thus the control standard may constitute 
a synthetic blend of known composition, for ex 
ample, having a known composition similar to 
that of the sample being analyzed. Again the 
standard chosen may be any chemical which 
is available in pure form and which has a dis 
tinct Raman line, preferably of about the same 
intensity as the lines of the sample. In order to 
use the control sample, such as carbon tetra 
chloride, it is necessary to periodically remove 

. the sample cell containing the hydrocarbon mix 
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ture to be analyzed, and to replace the sample 
cell with a sample cell containing carbon tetra 
chloride. It is convenient to use the Raman line 
oi.’ the carbon tetrachloride occurring at a wave 
number shift of 459 (Av cmr-l) . In order to suit 
ably correct variations of intensity of the Raman 
lines of the hydrocarbon mixture by this method, 
an expression called the “scattering coe?icient” 
is evaluated. The scattering coe?lcient may be 
de?ned as the ratio of the intensity of the par 
ticular line concerned to the intensity of the 
chosen line of the control sample. In order to 
evaluate this formula, it is convenient to measure 
the height of the lines on the record chart pro 
duced by the recorder ll of Figure 1, measured in 
millimeters above the background base line. 
In Figure 2 is diagrammatically indicated the 

type of intensity variation recorded by the 
recorder III as a portion of the Raman spectrum 
is scanned. It will be noted that a peak intensity 
is indicated at a point identified as “P” on the 
curve. on either side of the peak intensity, the 
intensity of the signal recorded drops oi! sharply 
to a value indicated as being the “background 
base line.” It lines are drawn along the sharply 
sloped portions of the curve on either side of 
point P, as indicated a more or less triangular 
area will be obtained having the base D—E and 
bounded by the indicated construction lines and 
by the sharply peaked curve. On the plot of 
Figure 2 the scattering coefficient may then be 
defined to be the distance PB of the particular 
intensity peak examined, divided by the similar 
distance PB derived from the height of the carbon 
tetrachloride peak. It is apparent that the area 
below the curve of Figure 2, may be approxi» 
mately determined by finding the area of the 
triangle indicated, having the vertices P, D and 
E. This area is defined as the “scattering area" 
and is equal to the scattering coefficient times the 
base width divided by two. 
As stated, a characteristic Raman line intensity 



‘for the particular ole?n. The "scattering co 
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peakwilibefoundforoleilnsgenerahy,inthe 
region of about 1630 to 1680 wave number shift 
(A9 0111.") . However, for a particular ole?n, the 
exact position/within this region at which a 
Ramanlinewilloccurwill‘becharacteristicof 
that olefin and may difi'er for other oleilns. As 
a result, when measuring the Raman spectrum 
of a sample containing a mixture of olefins, the 
Raman line observed in the region of 1630 to 
1680 wave number shift (Av emf!) is frequently 
abroadbandratherthanasharppeaksuchas 
observed, in the Ramanppectrum of a pure com 
pound. As a result of behaviour the measure 
ment of a scattering iiicient based. upon maxi 
mum peak height c not be employed to give a 
true value for the/ lei'in content since some of 
the ole?ns present contribute to widen the peak 
rather than to increase its height. This is the 
second of the complications heretofore mentioned 
as affecting the practice of the analytical 
procedure of this invention. It has been found, 
however, that this complication can be overcome 
and successful analyses performed by employing 
relationships based upon the total area under the 
Raman curve in the indicated wave number shift 
region. 
with this brief description of the principles and 

general technique involved in this invention, the 
exact manner in which ole?ns may be determined 
can be appreciated. Indicated in Table I is 
pertinent Raman spectographic data concerning 
29 pure oleilns. 
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TABLE I 

I 

~ 0 
The data in Table 1 indicates that the magnitude 
of the scattering coe?ieient characteristic of the 
oleilnic double bond decreasu with the increasing 
molecular weight of the pure compound being 
examined. Thus, the scattering coei'iicient for 
the ilrst l0 oleiins tested, hexenes, as shown in 
the table was 0.301 plus or minus 0.028 and simi 
larly the scattering coe?lcients for the groups of 
higher molecular weight oleilns as indicated in 
the table were 0.267 plus or minus 0.034, 0.240 - 
plus or minus 0.031, and 0.198 plus or minus 0.018. 
It has been established that this behavior is due 
to the fact that the scattering coe?icients are 
directly proportional to the concentration of 
oleilnic double bonds in the sample. This may 
readily be shown by a plot such as illustrated 
in Figure 3. Figure 3 shows that the scattering 
coeilicient is directly proportional to the mols of 
mono oleflns per milliliter. In this graph, the 
plotted values represent the averages of the 
scattering coeiilcients for the mono oleilns of 
each molecular weight as given in Table I. " 

It has furthermore been discovered that a. 
coeillcient independent of molecular weight may 
be obtained by multiplying the observed scat 
tering coeillcient of each individual ole?n by the 
molecular volume of the pure hydrocarbon. The 
product of this calculation may be termed the 
“molal scattering coeil‘icien " and has the values 
represented in the third column of Table I. It 
will be observed that the average value of the 

Raman data used for determination a! 
total mono-ole?n: 

1 These oleilns are distinguished aslow-boiling and high-boiling isomers. 

It will be noted that for each of the oleilns tested, 
the table gives the wave number shift encountered 

eiilcient" and “peak base width” or DE in Figure 70 
2, as formerly defined, are also given in the table. 
In the third column of the table a new value is 
given, identi?ed as the scattering coe?icient times 
the molecular volume of the particular oleiln. 75 

Scattering 
Wave comment Peak 
Number Scattering Base 

OM“ Hi’d‘m'mn Shift Coe?icient “3% Width 
(AVcmr‘) volume (mm) 

3-Meth H r ‘ 1,640 0. 294 30.9 25.0 
4-Methgl" r l, 643 0. 332 41.8 24. 5 
c-4-Metl'1y' 2 r ‘ . _ 1, 663 0. 33s 42. a at. o 
2,3-Dimethyl-l-hutene l, 647 0. 265 32.8 23. 5 
t-4-Methyl-2-pentene _____________________________________ __ l, 647 0. 260 32- 5 23. 5 
Z-MethyI-l-I, 1, 650 0. 201 3a 1 21.5 
1-)“ l, m 0. 338 42. 2 24. 0 
t-3-Herene. . _ l. 670 0. 314 . 38. 9 B. 5 
c-2 1,660 0.288 35.3 21.5 
2,3-Dimethyl-2-hmene l, 680 0- 323 38- 3 .23. 5 

Average for “ 0301310028 37. 35:3. 4 ........ __ 
2,4-Dimethyl-2-; 1, 075 0. 29s 41. 9 24. 5 
4,4-Dimethy' ‘ r ‘ l, 643 0. 216 El). 2 27. 0 
I-Heptem 1, 646 0. 306 43. 0 3. 0 
3-Ethyl~2-:_ _ 1, 665 0. 317 43. 0 25. 0 
t-2-Heptene_ _ l, 660 0. 226 31. 5 27. 0 " 
ear 1, mo 0. 25a 35. o 25. 5 
341F951” 1, 6110 0. 255 as. 1 21.0 

Average for 3' ,_‘ 0. %7=e0.034 37. 2=l:4. 7 ........ __ 
2,4,4-Tl'im0thyl-l-r . _ l, 647 0. 212 33. l 25. 0 
2,4,4-Trimethyl-2- _ . l, 675 0. no 35. 2 24. 5 
t-Methy‘ 1 r , 1, 643 0. an as o 24. o 
‘z-Mathyi? ‘ r \ p l, 650 0. 277 43. 0 24. 0 
Z-Ethy ‘ ‘ . \ l, 647 0. 210 35.5 24. 0 
l-0ctsne__. i 1,640 0.293 45.9 , 25.0 
4-Methyl-3-‘ ,, i l, 065 0. 297 45. 8 24. 0 - 
t-?-Oetane / l, 670 0. 1% 30. 9 25. 0 
c-a-oeune > ' 1, 670 0.192 29. 7 28. o 

_ Average for C ‘ 0. m0. 031 37. 315.0 ________ __ 
, 3.4.4.5-Tetramethyl-2-hexene (L.B.)i ______________________ __ 1,665 0.225 42.6 23.0 
3,4,4,5-Tetramethyl-2-hexene (H.B.)l _____________________ __ l, 056 0.100 . 35. 9 2!. 0 
Decline-L l, 643 0.178 33. 7 24. 5 

Av for D 0. l?dzo. 018 37. 4:23. 5 ________ __ 
0v average. _ _ 37. 3:4. 2 23. Bil. 0 

molal scattering coe?icient is the slope of the line I 
represented in Figure 3 and is substantially con 
stant over the entire molecular weight range. 
The constancy of the molal scattering coe?lcient 
with molecular weight is further indicated by the 
data of Table II. It will be observed’ that for the 
ole?ns in each of the molecular weight ranges, 
the molal scat 
minus 0.1. 

tering coemcient is 37.3 plus or, 
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- TABLE II . 

constancy of mold! scattering coe?lcient with 
- molecular weight 

Number-oi Mohl???mt Ialaealar-Iekht Range Show‘; cgmcigmt 

1o '31.: , 
9 ~ 31.: 
7 s1. 3/ 
s :1,‘ 

Average- ................................... .. 313 

‘A simpleand direct method for converting the 
measured scattering coe?lcient into mols of un 
aaturates per milliliter of sample may be derived 

' by using the molal scattering coemcient. It will 
beobservedthatthelineplottedinll'igures 
must by. de?nitiim pass through rero scattering 
coe?lcient at sero mols of unsaturates per milli 
liter of sample. Consequently, a scattering co 
~eiilcient is equal to the mols of imsaturates per 
milliliter times the slope of the line, or in other 
words. k equalto the mols oi unsaturates per 
milliliter times 37.3. Conversely, an observed 
scattering coeiilcient divided by 37.3, is equal to 
the mols of \msaturates per milliliter. As de 
veloped, this relationship is valid regardless of 
the molecular weight or the mono ole?ns in the 
sample. ' 

In accordance with these considerations in 
actually determining the mols oi mono ole?n 
present in a sample, the scattering coe?lclent of 
theole?npeakln thereaion oi'1630 to 1680 
(at cm“) is determined. The observed base 
width of the ole?n peak is measured from the 

15 
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plot in millimeters. The concentration of the _ 
monoole?nsinthesamplemaythenbede 
terminedbytheiormula:-' 

Roles of mono-ole?ns per milliliter; 
Scattering eoe?cientXbase width 

(37 -3 ) (23-8) 
this formula, it will be noted that since milli 

meters were used as the unit for determining the 
average base width (23.8) that therefore milli 
meters should be the units employed for meas 
uringthebasewidthoi theparticular ole?npeak. 
Asanexampleoitheappllcationotthisin 

vention. several synthetic samples were prepared 
containing ole?ns of all the types represented in 
Table I. These ole?ns were heptene-l, octene-l, 
2 - methyl - l-pentene, cis-4-methyl-2-pentene, 
2,3-dimethyl-2-butene, and 2,2.4-trimethyl-2 
pentene. Samples were prepared by mixing ar 
bitrary m'oportions of each oi’ the speci?ed ole?ns', 
to give the compositions_indicated in Table 111. 

TABLE III 

46 

55 

As stated in the table, sample A consisted of a 
100% mixture .01’ all of the indicated ole?ns 
while samples 8 and C respectively consisted oi 
76.9 and 51.2% ole?ns by volume of the sample, 
The residual portion oi samples 8 and C con 
sisted of the diIuentZJA-trimethyl-pentane. As 
indicated in Table III, the analytical procedure of 
this invention was. capable of establishing the ole 
?n content of the samples with a deviation from 
2.4 to._8.0% resulting‘in an'average deviation of 
4.5% of the actual value. 
As a further example of this invention, samples 

were analzyed for total ole?ns in the presence 
of para?lns, naphthenes, and aromatics. A 
sample was prepared containing 23.7% of 9 car 
bon atom aromatics, 48.3% oi’ mono ole?ns, 25% 
of naphthenes, and 5% of para?lns. Indicated 
in Table IV are the-analytical results that were 
obtained by applying the procedure oi‘ this in 
vention. It will be noted that the ole?ns were 
identi?ed with a percentage deviation of 5.2%. 

TABLE IV 
Analysis for total ole?ns by Roman spectrometry 
Sample: Blend of 23.7% C. aromatics. 48.3% mono-ole?ns, 

25% naphthenes. and 5% paraliin 

Composition Derviation 
mm 

Molecular Type li‘eplorted 
aue. Known Found PM, i 

0leiin|,milllmoles permillillter....---- 0.327 0.310 5.2 

Further tests were made in which the total ole 
?ns were determined in a naphtha produced by 
hydrocarbon synthesis processes. The test re 
sults of the method of this invention were com 
pared with the results obtained by a bromine 
number determination and by an infrared 
analysis using conventional methods. It will be 
noted from the data of Table V that the Raman 
method of this invention gave results for the 
percent oi’ total ole?ns closely asreeing with re 
sults obtained by the two conventional analyses 
procedures. TABLE v 

Analyses for total ole?ns in a hydrocarbon sim 
~ thesis naphtha 

Millimoles Mono-ole?n: 
Per Milliliter 

Analytical Method ‘ 

Bromine- Inim 
Rm“ Addition red 

Sample Description 

Total naphtha ........................ _. 4.36 5.06 4.62 
115- wzao-' P. fraction _____________ -_ 5.45 5.28 an 
260- to350—' Rinction ............. -. 3.16 3.78 2.75 

Analysis for total mono-ole?n: by Roman spectrometry 
[Bis-1h oi Ole?ns oi All Typu 1 Diluted with 2,2,i-Trimethylpsntane] ' 

sup“ “An smpk “Bu snap“ “0" 

Contains 100 Per Cent Contains 76.9 Per Cent Contains 51.2 Per Cent 
. Ole?na by Volume Oleilns by Volume Ole?ns by Volume 

Mlliimolea Devia- Millimolea Devia- 'Millimoles , Devia 
Oleiln Per tion, Ole?n Per tion. Ole?n Per ilon, 
Iilliliter Per Cent Milliliter ' Per Cent Millilitvr Per Cent 

sans-a oolpdtldl. ............ "l: \ 7.0a ........ .- a 4: ........ -. 3. m ........ . 

Poi-i: - .. 

In No. l-__--. ................... .- 7. 07 0 5. 30 Z 4 "3. i6 4. 4 
non No.2. _______________________ -_ can as --. ................. _. _-s.s2 8.0 

I aqua-1, octane-l: s ethyl-l-pentsne, 2 methyl-llpentcne; cisA-metbyl-I-penteue; 2,: mam-mm. 
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Itwillbeappu'enttothoseskilledinthe art 
that the broad method of this invention may be 
reiined and modified inmam ways. For example. 
electrical computing devices and various charts 
may be employed to facilitate the anaiyticai'de‘ 
terminations. Again it maybe desirable to utilize 
a Raman spectograph which is provided with slits 
of a suitable width to just cover the 1630 to 1680 
wave displacement region of the spectrum. 
What is claimed'is: 
The method of quantitatively determining the 

total ole?n content of a liquid sample consisting 
of the steps of scanning the Raman spectrum of 
the said sample in the 1630 to 1680 wave number 
shift region, producing a curve expressin§~the 
variation of intensity within this region, and 
.measuring the peak intensity and the peak base 
width of the curve of intemity within this 
region above the base background intensity 
whereby the total area beneath the intensity curve 
above the background intensity within this re 

l0 

glon may be determined and whereby the total 
ole?n content of the sample may be obtained. 

JOHN J. HEIGL. 
< JAMES 1". BLACK. , 

BERNARD F. DUDENBOBTEL, Ja. 
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