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INTRODUCTION -
I 

C":) Geraniol" one of the higher n,lcohols (C]oH170H), was first re
~orted to be attractive to the Japanese beetle (PopilZia japonica 
4ewm.) by Richmond (8)1., ,,,ho with Metzger (9) u~d this ma
:arial in a bait trap designed to capture this insect. Subsequently 

Van Leeuwen (10) and Metzger (4-,5, 6) improved the bait and the 
trap, and at the present time at least 100,000 such devices are in use by 
governmental and private agencies. The baiting of these traps in
volves the consumption of several thousand pounds of geraniol annu
ally. 

This substance is used chiefly as a pE'rfume for soap and in various 
perfumery formulas, and jt is purchased according to standards estab
lished by consumers who use it for this purpose. Its use as an insect 
attractant, therefore, afforded' a new outlet for tEe materia1. 

The geraniol first employed jn Japanese beetle traps wus found 
to vary considerably in quality according to its source, and it was 
evident that the terms" pure "J "absolute ", "extra, ", etc., did not 
define the purity of the materiul obtained from more than one pr.o
ducer. There are no c. p. or U. S. P. standards for geraniol. In. 

1 Italic IlUmhCrH In i'llrenthcHes refer to I.J(erutllr~ Cited, ll. 14. 

16136'-35 
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order to obtain a satisfactory material, therefore, the following speci
fications were prepared: 

Specific gravity at 20° C ______________________________ O. 87l}-0. 882. 

Solubility in GO-percent ethyl alcohoL___________________ 1 part in 4 parts of the 


alcohol.
Opticall'otation, 10 Illm________________________________ ±0030' 
Aldehydes ____________________________________________ AhsenL 
Total alcohols as geranioL_____ -;-_______________________ 87 percent 01' more. 

These specifications described a geraniol of good quality and a 
material known to attract the Japanese beetle. It was, moreover, 
readily available commercially. 

No difficulty was experienced in purchasing geraniol on this basis 
until 19:r3, when the quantity required by governmental agencies 
became so large as to induce considerable competition among manu
facturers. At this time seferallots were offered at a price much be
low any previuus quotation, but they failed to meet the specifications 
in one or more res})ects. Although these called for R highly refined 
grade of geraniol, there was no information available to indicate that 
such material was more attractiye to the beetles than a material of It 
lower grade. Consequently, a study was undertaken to determine 
the relative attractiveness .of different grades of geraniol to Japanese 
beetles. 

TESTS CONDUCTED IN 1933 

The first tests were conducted in 1933 with 10 lots of geraniol pur
chased from various manufacturers and ranging from the best grade 
of each producer to the poorest. These tests included a deter.lllina
tion, in the laboratory, of tho physical properties of each lot and R 

comparison, in the field, of its attractiveness to the beetle with that 
of the ('heck geraniol meeting the specifications heretofore mentioned. 

PROCEDURE 

The specific gravity was determined by means of a 'Westrhal bal
ance. The boiling range was obtained by distillation in It Laden
burg flask, and the figures were corrected to an atmospheric pressure 
of 760 Inm. The quantitative test for aldehydes was made by the 
fuchsin method. In 1933 R complete analysis of each lot was not 
made, because at that time it was not realized that this would be 
necessary. 

Field tests of attractiveness to the Japanese beetle were conducted 
according to a procedure developed by the senior author (3, 6), by 
placing a trap baited with the material to be tested at a distance of 
2% feet from R trap of the same type containing the check material 
as bait (fig. 1). Data obtained over a period of several years indi
cate that, when two similar traps baited with the same material are 
placed in such a manner, each captures approximately the same num
ber of beetles. Wben different baits are used, therefore, any appre
ciable variation in the number of insects taken is clue to the difference 
in the attractiveness of the baits. Five pairs of traps were used in 
each test with R distance of 10 teet between pairs. The. materials be~ 
ing tested were vaporized by means of a wick from a bottle inserted 
in the bait container of the trap (4). 
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The difference between the number of beetles captured in the trap 
containing the experimental bait and in the check trap was computed 
in terms of a percentage for each collection. The mean percentage 

FIGUIlIl i.-Trap employed in testing the attractiveness of various lots of geraniol to 
the Japanese beetle. 

difference was then determined and the standard deviation obtained 
by the following formula (:2, p. 174) : 

_ /sum of d2
8 D. ·-Y N 
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where d represents the deviations from the mean and N is the num
ber of collections. The probable error of the mean was determined 
by the following formula (~, p. 174) : 

. S.D.P . E. of mean =O.6745X .{N 

RESULTS 

The results of these tests, together with the cost per pound of each 
lot, are summarized in table 1. The materials are arranged in three 
groups, namely, the best grades, those of intermedbte quality, and 
the cheapest or technical geraniols, for it is evident that lots 1 and 2 
correspond closely to the check geraniol, lots 3 to 8, inclusive, are 
obviously cheaper material, while· lots 9 andlD are greatly inferior in 
quality. 

TABLE 1.-PllJ/8ical Jll'o/lrrf.ie.~. ott1'(/ctivelle,~8 to .Topal/esc lleetlc,~, (l1ul co,~/, of 
the lO/8 of geraniol tested in 1933 

'rota ISoluhilityOptical Speclfil) alco·OnHle aud lot in 6O-per· AIde·rotation gravIty at hols as Odorno. cent ethyl hydesat 20° C.l 20°/15° ('. gera·alcohol 
niol 

Purl., Perce lit r heck____ ....... +0° 42' lin 2••, 
 O.8iU AbsenL. 89.7 ('hllr8clerlstic of b""t grades. 
BesV... . .•.-J 0° 0' lin 2.5 .874 88. (l.do_._. Do.2. _~ __ ... +0° 22' .••do ••_.. I in 2. 7 .8iO __ 87.8 Do.
Int.crmed int e:


:1. ......... . +0° 30' 11/1 3.5 .888 PresenL 82.7 Do. 

oj ............ . _0° 22' I in 5. Ii .8ia • do..... 82.3 
 Strong citroneJlllllone.

+0° .17' I in 2.8 .&>4 Absent.. 85.0 Strong gernn~'1 ncetato tone.(i. __ "~. ~~~ __ 00 0' I in 3. I •SiG Presenl.. 81. 2 r hamel erisUe of hesl. grudes. 7, ..,. - '" -.. ~ ~, +2° 7' 1 in2.0 .8i8 A bsc/lt.. 84.0 Wenk.

R..•..••••.•• +2Q 11' 1 in 2.., 
 .8i8 ,10.... 84.3 Characteristic of bes~ grndes.'l'echnicnl: 

11----._.... . _1° ~I:~' I in 7.5 .8U8 Present. iO. af> Strong citroneJlllltO/lo.
HI.. _... . 0° 0' (') . SUO • do.. . 75.0:1 )0. 

Boiling range 

(lrn<lo /lnd loL flU. 

----------------------·1-----
Percent Percent Percent Percent Percent Percent DoliarsCheck._.__ • ____•• _____ •___ •• 

-~--- ..- 0 58 35 i 0 -------_.._-_ .... 1.59Best: 
1._.___- ........ 


~. ----*- ..... ----.. :I 86 9 2 0 2.9 ±2.762__ •_________ ... _._. __• _____ • __•• I. 700 60 :I., 2 a 10.5 ±4.1 2.00IntermedIate:
:1.._............................ __ 2i 61 
 0 a 0 8.3 ±2.49 1.134....... __....................... 21 4i 27 
 5 0 20.0 ±2. i4 1.135__ • ... ~.., .......-.."'-- ..... ....... .. 0 U i2 14 5 24. 87±2. 91 1.30
~ ~~ ---~ 

0. '_"" __ ............... __ ...... 0 60 27 
 7 07_________ •____• __ . __...... __ .... 6.1 ±2.9 1.402 30 6.3 :I 2 22.0 ±3.H 1.808.________......______ ..•.•.•.••. 0 40 52 5 3 i.O ±3.51 1.00Techincal: 
9-- ...-- ......................... ai 13 3 0 :18 -15.0 ±4.0fi .I~I

0 0 45 20 :15 45.0 ±5.0 1.25
10.___...._____.... ____....... __ • 


-----------"--'----'----'-----'-----..-.--'-
f Determined with sodiumllgbt llnd II tube length oC 100 mID, allli checked wtth whtte light through

various liquid filters. 
, InsolUble 1 tn 10.0. 

http:Jll'o/lrrf.ie
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GERANIOL AND ITS ATTRAOTIVENESS TO JAPANESE BEETLES 

BmT GRADES OF GERANIOL 

Commercial geraniol is essentially a mixture of geraniol and cit
ronellol. As citronellol may have an optical rotation ranging from 
-1°40' to about +4°, depending on its source, the best grades of 
commercial geraniol usually have an optical rotation of from +45' 
to -45'. Geraniol in its purest form has an optical rotation of 0°0'. 
Such material is not, however, an article of commerce and, while com
mercial geraniol may sometimes have an optical rotation of 0°0', as 
in the case of lot 1, manufacturers will not agree to furnish commer
cial material that meets this specification. The check and lots 1 and 
2 have optical rotations that are within the limit established for the 
best grades. 

The specific gravities of these three lots at 20° C. are in the narrow 
range of 0.005, both the test materials being slightly below the check 
in this respect. 

The three lots are soluble in small proportions of SO-percent ethyl 
alcohol, indicating the absence of appreciable quantities of citronellal 
and geranyl acetate, which are insoluble in alcohol of that 
concentration. 

The total alcohol as geraniol is high. The importance of this 
specification has been ,overemphasized, however, as the term" total 
alcohols as geraniol" sometimes includes citronellal, if the aldehyde 
is present, because this material is converted quantitatively into iso
pulegolacetate along with geraniol and citronellol in the process of 
total-alcohol determmation (1). Since no aldehyde is present in 
these lots, this factor is of no importance. Some manufacturers state 
this factor as " alcohol in the original oii ", which includes ester ge
raniol in the saponification number and gives the impression of a very 
high alcohol content. Where the presence of esters is suspected, it is 
necessary to make a separate. test for them after removing any 
aldehydes that may be present. 

The odor of geraniol of good quality is characteristic and can easily 
be recognized by one famIliar with it. The check and lots 1 and 2 
appear to be free from any impurities that can be detected by their 
odor. 

Examination of the boiling ranges of these samples shows that 
practically no material boiled below 225° C. or above 245°, while the 
greaterjortion of each lot distilled over between 225° and 235°, the 
accepte range for geraniol of good quality. Excessive quantities of 
citronellal and citronellal tend to lower the range appreciably, while 
geranyl acetate and sesquiterpenes have the opposite effect. 

In attractiveness to ,Japanese beetles samples 1 and 2 show no sig
nificant difference from the check, since the probable error of tIl(' 
mean is so high as to show the fallacy of the slIght apparent increase 
given in the table. 

The range in price indicates the wide variation encountered in 
purchasing material of this nature. 

GERANIOl. O~' INTERMF..DIATE QUALITY 

The variation in the optical rotation from -0°22' (lot 4) to +2°7' 
(lot 7) shows that this specification is of little value in materials of 
this grade.. 
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In specific gravity there is also a much wider variation than in thefirst group, there being a difference of 0.015 between lot 4 and lot3. When attractiveness to the beetles is considered, however, thevariation from the standard specification of 0.879-0.882 does notappeal' to be significant.

There is also a wide range in the solubility of these materials in
60-percent alcohol, from 1 part in 2.5 parts of alcohol, corresponding
in this respect to two materials in the first group, to 1 part in 5.5parts of alcohol. The attractiveness of this group to the beetlesindicates that a wider range :in solubility than is given in the specifications could be tolerated. .
The qualitative test for aldehydes revealed their presence in lots 3,4, and 6. The odor of lot 4 indicates that it contains an appreciablequantity of citronellal.

In I~ll cases total alcohols as geraniol nrc lower by several perce~t
than 111 the check and lots 1 and 2. 
 As the odor of the latter 1Scharacterized by a strong geranyl acetate" tone ", no doubt a testfor the ester would reveal the fact that the alcohol figure is increasedby the presence of ester in the original oil. 'rhe materials comprisingthis group have no general characteristic odor.

In lot 5 the presence of geranyl acetate is again indicated by the
larger percentage boiling between 235° and 245°. None of the mate
rials appears to contain an a.ppreciable quantity of sesquiterpenes,
etc., as evidenced by the small percentages boiling above 245°.In attractiveness to beetles lots 3, 6, and 8 show no significant in
crease over the check, while lots 4, 5, and 7 give increases of more
than 20 percent. Since no detailed analysis was made, the cause of
this increase cannot be determined.

None of the materials in this group is inferior to the check in
attractiveness, and it appears that any of them could be substituted
for the check or the materials of the 'first group without the loss of
effectiveness. 

TECHNICAl'. G1!AllES OF GEI!ANIOI~ 

Lots 9 and 10 are obviously inferior to the others. This fact is notshown in the optical rotation, since that of lot 10 is 0°0', a figure notgenerally found in the better grades. The specific gravity, however!is higher than that of any of the other materials, an indication ofthe presence of impurities.
LOt 10 was found to be insoluble in 10 parts of 60-percent ethylalcohol, while lot 9 is soluble in the J.'atio of 1 part to 7,5 parts ofthe alcohol. This test is important, since the solubility is much lessthan in the best or intermediate grades.
The qualitative test showed aldehydes to be present. The odorof both samples also indicates the presence of citronellal in an appreciable quantity. Total alcohols as geraniol are comparatively lowin this group.
These two materials have a wide difference in distillation range,with 37 percent of lot 9 boiling below 225° C.,. and none of lot' 10.'I'he percentage of each distilling between 225 0 and 235° is comparatively small, but a large percentage boils above 245°, showing thatthe sesquiterpene content is high. The difference in distillation 

j 
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range and cost illustrates the fluctuation that may be expected when 
material is not purchased on definite specifications. 

Both these lots are considerably more attractive to the beetle than 
is the check geraniol. 

TESTS CONDUCTED IN 1934 

From the foregoing tests it is evident that the limits of the prop
erties of the varIOUS lots are so far apart that almost any product 
sold as geraniol would conform to specifications drawn from the 
data. Although lots 9 and 10 appeared to be satisIactory for use as 
an attractant, it seemed possible that all geraniol coming within the 
wide limits of these two lots might not be so attractive as the two 
samples tested. The work was continued the following year in an 
attempt to develop more definite specifications for a cheap grade of 
geraniol. 

The tests in 1934 were made on 11 lots of technical or soap geraniol 
purchased from as many manufacturers. The physical properties 
of each lot were determined as in 1933, and each was analyzed for 
its geraniol, citronellol, citronellal, and ester content. 

PROCEDURE 

The methods of analysis for geraniol are still unsatis factory in 
several respects, and there is a difference of opinion regarding the 
most accurate procedure. The methods used by the writers were 
adopted after consultation of the literature and with several leading 
manufacturers of geraniol. The proced1ll'es are based upon thoSe 
given by Gildemeister and Hoffman (1, v. 1, pp. 5'15-589) and Parry 
(7, v. 1, p. 174). 

Each lot was tested in the field for attractiven~ss to the Japanese 
beetlt' by the procedure followed in 1933, except that in all cases, 
jncluding the check, eugenol was added at the rate of 1 part to 10 
parts of thc geraniol. 

RESULTS 

The results of both the laboratory and the field tests al'e suJr..
mal'ized in table 2. 

TAIlLg 2.-Ph1!,~ical propel·tic8, attmcti'l,,"(JII(,S,s to Jap(Hl.CSC beetle8, (intl m.~t of 
lots of !/emm ;0/. t(!'~le(l in 19B4 

f;oluhillty In ethyl
nlcohol' SpecInc

grnvlty
Ornda nnd lot. no. Color Odor1-------1 lit 

GO 11er"llllt 70 percent 20°/15° C. 

-------J----I----II--- ---~-~~~ -.. 

Check__ . ___ .... 
PUTI.If Purlx

lin :1.. ; ___ • lin 1.5.___ 0.8784 Colorless.. _..... - Chllr8cterlstlc of best 

Slmllllr to cbeek: 
IL.._. __ •___ ._._.~.~ 
12_____ . __ ..._••• __ •• 
13._................. 
14._•• _••" •••••••••• 

lin 3.3_.__ lIn 1.0_.__ 
Iln3.5••_. lin 1.0•••_ 
11114.11••• _ lIn 1.6_••_ 
1111 :l.0.___ I In 1.5•• _. 

.8798 

.8823 
,8811 
.8770 

.••••tlo....... ...... 
.....du._...... __ ._. 
..... do.. '" -....... 
.....110.............. 

grades. 

Do. 
Do. 
Do. 
Do. 

Sllghtlylnferlorin qual·
ity, superior In attrac· 
tiveness: 

15•••••• ~ ••••...••.... 
16••___ •• _.......... 

1 in 4.2~__ • 1 in J.O_~_. 
lIn 5.0___• 1 in 1,6__._ 

•8881 
•8777 

Very light yelloll'. 
_,...du....... ...... 

Do• 
Do. 

, Solubility In both GQ. und 7Q.percent alcohol Is given, because none of tho cheuper grades of geraniol
was soluble ill small quantities of (lQ.percent IIlcohol. 
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TABLE 2.-Physical properties, attractiveness to Japanese 'beetles, and cost of 
lots of geraniol tested in 1934~Continued 

Solubllfty In ethyl 
SpecUlcalcohol gravity

Grade aIld lot no. Color Odor---------- at 
20°/1,,0 C.

00 percent 70 percent 

Much InCerlor in qual·
Ity,superlorlnattrnc'
tlveness: Pari. Parts 

17••••••••••••••••••• (3) lin 2.0•••• 0.8922 Ambcr..•.•••••••• Strang citronellal tone, 
underlying tone oC 
unknown character. 

18••••••••••••••••••• (3) 1 in 1.75.... .8854 Light yellow •••.•. Strong citronellal ton~ 
odor oC organic acl 
prominent.

Much InCerior in qual· 
ity, equal in attrac· 
tlveness: 

19.••••.••••••••••••• (3) lin 2.0•••• .8904 Yello\\'•••••••••••_ strong geranyl acetate 
tone. 

20...._•• _........... 1 in 2.0•••• •8859 __ .do••____ ....... Sirong citronellal tone . 

21.................. 1:J 1 in 2.3.... .8970 Amber•••••••••• __ No outstanding char· 

acter. 
. 

Boiling range Analyses 
Mean in· 
crense in Cost 

Grade and lot no. Un· 225.1 230.1 235.1 '1'olnl attractive· perOver Cit· Cit·der to to to Gera· free Es· ness over pawld245° ron- ron·22.,° 230° 236° 245° nlol alco· ters check'O. eilol eilnlC. C. C. C. hols 

Per· Per· Per· Per· Per· Per· Per· P~r· Per· Per· Per· Dol
cent cent cent cent cent cent cent cent cent cent cent lars 

Check •••••••••••• 0.0 87.0 2.0 6.0 5.0 20.70 57.42 87.12 0.0 0.35 I. 49------------""'-
Similar to check: 

11 ••_•••_..•_. .0 60.0 25.5 0.5 5.0 35.35 48.96 84.31 1.15 I. 26 o.07±2.21 1.40 
12••••__ ..__•. .0 50.0 31.0 10.0 9.0 31. 20 52.39 83.65 1. III 1.21 2. 67±1. 74 1.50 
13__ ••.••••••• .0 40.0 50.0 5.0 5.0 34.30 48.25 82.55 .0 1.23 1. 03±2. 01 :l.UO 
14............ .0 .0 92.0 5.0 3.0 34.95 51.20 80.15 .&1 .80 3. 28±1. 99 1.85 

Slightly InCerior 
in fluality, suo 
perlor In at· 
tractiveness: 

15••___....... .0 .0 70.0 18.0 12.0 28.85 40.77 69.02 .87 11.51 15. 54±1. 85 .90 
16..........__ .0 65.0 10.0 !l.0 10.0 37.31 36.50 73.81 2.77 8.04 10. 59±2. 23 1.09 

Much inCerior in 
,\uality , supe· 
r or In attrac· 
tiveness: 

17••.__ •• _•••• 0.0 39.0 25.0 13.5 10.5 23.55 44.97 08.52 3.55 8.34 24. 9O±2. 07 .93 
18•.•••••••__ • .0 5.0 00.0 15.0 20.0 30.85 44.00 75.45 3.49 2.30 10. 03±1. 93 1.25 

Much inferior in 
quality, equal 

In attractive· 

ness: 

19••__ •••••••• .0 15.0 47.0 25.5 12.5 34.15 27.80 01. 9.1 2.46 20.31 0.17±2.04 1.25 
20............ 13.0 51.0 211.0 5.0 5.0 3,.05 28.82 59.87 9.87 20.21 1. 21±1.98 .05
21••••• ____ ••. .0 Q.5 ai.1i 31.5 24.5 20.10 24.12 ii:l.22 6.23 15.25 . 1i±1. 94 1.25 

, For lhese tests I. part oC eugenol was added to 10 (lurts oC lho geraniol. 

, Insolubie 1 (lnrt in JO:O. 


A preliminary examination of the data reveals that the various 
lots of geraniol, although purchased as a cheap material, differ ap
preciably in many respects and can be placed in the following groupS: 
{I) Lots corresponding closely to the check in attractiveness to the 
beetle, in analysis. and in physical properties; (2) lots slightly in
ferior to the cheCK in quality, but superIOr in attractiveness; (3) lots 
much inferior to the check m quality but superior in attractiveness; 
and (4) lots much inferior. to the check in quality and equal to it 
in attractiveness. Each of these groups will be discussed separately 

http:0.17�2.04
http:o.07�2.21
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and the reasons pointed out for the relationship which exists be
tween attractive value and the various other factors under con
sideration. 

LOTS CORRESPONDING CLOSELY TO THE CHECK IN ATTRACTIVENESS, IN ANALYSIS, 
AND IN PHYSICAL PROPERTIES 

This groupincludes four materials,lots 11, 12, 13, and 14. Although 
all were purchased as soap or technical geraniol, it is evident that 
they approach the better grades of geranio~ in quality. 

In attractiveness to the beetle there is no significant difference from 
the check in any case. The results correspond closely to those ob
tained with lots 1 and 2 in 1933. 

These data indicate that several purveyors of geraniol apparently 
have only a vague conception of the exact composition of their 
materials. 

LOTS SLIGHTLY INFERIOR TO THE CHECK IN QUAl.ITY BUT SUPERIOR IN 

A'l'TRACTIVENESS 


This group includes lots 15 and 16. Both are less soluble in 60
percent ethyl alcohol than most of the materials in the first group. 
The 0(1.01' is characteristic of a good grade, with less of the roselike 
" tone ", however, which is pronounced in the best material. 

Lot 15 is characterized by a ve~y high boiling range, as none of the 
substance distilled under 230.10 C. while 10 percent came over under 
2350• On the other hand, 65 percent of lot 16 distilled between 
225.10 and 2300. 

Free alcohols as geraniol and citronellol are lower than in the 
first group. Lot 15 contains a very small quantity of citronella.], 
while lot 16 contains 2.11 percent. There is an appreciable quantity 
of ester in both lots. 

In attractiveness to the Japanese beetle there is an appreciable 
increase over the check in both lots. 

These two materials have a total alcohol content below that of the 
lots in the first group, but above that of the materials in the subse
quent gr,oups. The relatively high percentage of esters seems to be 
the factor which causes the increased attractiveness over the check. 

LOTS )[u'CH' INFERIOR TO THEl CHEl()l: IN QUALITY BUT SUPf;RIOR IN ATTI!ACTIVENESS 

Lots 11 and 18 are included in this group. The specific gravity 
(jf both materials is higher than that of the check and of all the lots 
included in the first group. Both are insoluble in 60-percent alcohol, 
a definite indication of geraniol of inferior qualit,. The odor of 
each is characterized by a strong citronellal "tone', and that of lot 
11 by an underlying" tone" of an unknown character. Lot 18 has 
an underlying odor of an organic acid, possibly valeric. 

The low quality of these materials is further indicated by the wide 
boiling range. Only 64 percent of lot 11 and 65 percent of lot 18 
boiled between 225.10 and 2350 C., and 30 percent of lot 11 and 35 
percent of lot 18 boiled above 235°. 

There is a difference of nearly 1 percent in the total free alcohol 
content of these materials. In.1ot 18 it is higher than in either of the 
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materials in the second group. This lot cannot be classed with lots 
15 and 16, however, because of its insolubility in 10 parts of 60-per
cent ethyl alcoh'Ol, its color, odor, and high-boiling fractions. Lots 
17 and 18 contain citronellal in approximately the same quantities. 
The ester conteI}.t of lot 17 is comparable with that of the materials 
in the second group, while that of lot 18 is low. 

Lot 17 proved to be con;:;iderably more attractive than tIlt' check, 
showing the hll'gest increase of any of the materials tested in 1934. 
Lot 18 gave a. much smaller increase. 

It is evident that the two lot.s in this group are as unlike in several 
respects as they are similar in others. The ;:;ignificant point, however, 
is that both are cheap grades of geraniol which proved to be more 
attractive than the check. In respect to lot 18, it is believed that the 
organic acid, which was deterted from the odor and also by fractional 
(listillation, may be It significant factor. No obvious reason can be 
given for the pi'esence of such a material in geraniol. " 

l~OTS :MUCH INI'ERJOU 1'0 TH~: CHECK IN Ql1,\U'I'Y IIll'I' 1':Qt'AI. TO IT IN 
ATTRACTI\'Jo:NE!JS 

The ;:;pecific gravities of aU three materials in this group (lots 19, 
20, and 21) are considerably hi~her than that of the check geraniol. 
All are insoluble in 10 parts of GO-percent ethyl alcohol. The odor 
of these materials varies considerably. ~he high ester content o,f lot 
19 is reflected in the large percentage boiling between 235.1° and 
245 0 C. The large quantIty of citronellal in lot 20 is indicated by 
the fact that 13 percent boils below 225°. Lot 21 has a high boiling 
range, 56 percent coming over above 235°. 

Analyses show that the total free alcohols as geraniol and citronel
101 are cOl1;:;iderably lower than in any of the materials discussed 
previollsly. There are appreciable quantities of cit,ronellal in all 
three l<)ts. The ~ster content of all three is much greater than that 
of the materials in the other groups, 

In at.ractiveness to the beetles none of these materials ,showed any 
sig-nificant increase or decrease over the chec}\:. 

The duta of these materialc:; show that a geraniol containing high 
percentages of ester and aldehyde and a comparatively low. percent
age of free alcohol is less attractive to the beetle than a geraniol 
containing a higher percentage of free alcohol with a large. quantity 
of ester. The data also indicate that the materials in this group are 
fully as attractive as. the best grades included in the first group, 
To obtain the best result;:; in the field. however, it is believed advis
able to limit the ester, aldehyde, total alcohols,.etc., to appr?ximately 
the range o,f the materials in the second and t1urd groups, smce there 
is no appreciable difference in cost between these lots and those in 
the last group. 

PHYSICAL PROPERTIES AND A'ITRACTIVENESS OF SOME OF THE 
COMPONENTS OF GERANIOL 

To correlate the analyses of the various lots of geraniol with their 
attractiveness to the beetle, it was necessary to obtain information 
regarding the attractiveness of several of the components of geraniol. 
The substances con;:;idered were as follow;:;: Citrone1101, citronellal, 
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geranyl acetate, and geraniol sesquiterpenes. These data are given 
in table 3. 

TABLE 3.-Physical propertie8, attractiveness to the Japanese beetle as comparea 
'!vitl/. tl/.e oheck geraniol, ana cost of several components of gel'aniol with aml 
without tlte addition of e-ugenol 

Mean decrease In ottractiveness 
below thnt oC check geraniol I 

Specific Solubn:ty In CostBollingMaterial gravltb 6().percont perrangeat 200 
• ethyl alcohol With 1 part oC poundWithout eugenol to 10eugenol portsoCmaterlal 

Parts o C. Percent Percent DollarsCitronello\. ______________ 
0.8619 11n4 225-226 46.3:1:1.33 10.4:1:2.10 2.20CltronellaL ______________ .8671 205-208 68.8:1:1.89 54.7:1:1.89 .SO 

Oe~~t? IlOOtata__________ .9091 242-245 57.4:1:1.74 17.0:1:2.02 2.30 
Oe 01 sesqultarpenes __ .8673 ---_ ..........- 30.5:1:2.63 31.4:1:4.27 .45
m 

I The check geraniol was that described In table 2, and In these testa contained 1 port oC eugenol to 10 
parts ot geraniol.

, Insoluble. 

It is evident that citronellal and geraniol sesquiterpenes are much 
cheaper than even the most inexpensive grades of geraniol and can, 
consequently, be employed as adulterants to greater advantage than 
can CItronellol or geranyl acetate, although the ester is probably 
present in an impure state in geraniol whereas the price quoted is 
for the best-quality ester. 

Appreciable quantities of the ester would tend to raise the specific 
gravity. The sesquiterpenes may have the same effect, as they are 
extremely variable in compositIOn even though the lot examined 
has a low specific gravHy. 

Citronellol is the only substance tested that is soluble in 60-percent 
ethyl alcohol. It is obvious, therefore, that any lot of geraniol 
containing an appreciable quantity of any of the other materials 
would not be soluble in alcohol of that strength. 

Citronellol and citronellal boil below the boiling range of geraniol 
and therefore tend to lower its boiling range when they are present 
in excessive quantities. Geranyl acetate boils above the range for 
~eraniol, as do the sesquiterpencs, and both would therefore raise the 
!Joiling range of geraniol. 

The attractiveness of these materials was compared with that of the 
check geraniol and eugenol mixture, the geraniol being the ma
terial described under the check in table 2. The data given in table 
3 show that both with and without eugenol none of the components 
was so attractive as the check. The addition of eugenol increased 
the attractiveness of all these materials, but this increase was con
siderable (about 30 and 40 percent, respectively) only in the case of 
citronellol and geranyl acetate. 

These results shed further light on the data obtained in 1933, 
which showed certain technical grades of geraniol to be much more 
attractive than the 1?urer grades when tested alone, but of approxi
mately equal attractIVeness when eugenol was added to both. They 
indicate that citronellol and geranyl acetate are the principal attrac
tants. among the components of geraniol, and that citronellvl and 
terpenes are of negligible importance. It is impossible to obtain 

http:31.4:1:4.27
http:30.5:1:2.63
http:17.0:1:2.02
http:57.4:1:1.74
http:54.7:1:1.89
http:68.8:1:1.89
http:10.4:1:2.10
http:46.3:1:1.33
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cheap grades of ~eraniol free from aldehyde and terpenes, but it is 
believed that theIr presence in geraniol in rest.rict€d quantities does 
not lower its attractive power. Geranyl acetate appears to increase 
the attractiveness of geraniol when present in appreciable quantities, 
although the ester itself is less attractive than geraniol. This may 
be due to the fact that the ester and geraniol form a blend that is 
more attractive than the geraniol it has displaced. The citronellol 
content is not believed to be of appreciable importance, since this 
material is usually found in quantities somewhat proportional to 
the geraniol present. 

REVISED SPECIFICATIONS FOR GERANIOL 

As a result of the tests and analyses cliscussed in this bulletin, it 
appears possible to propose specifications for a grade of geraniol 
which will be more attractive to the Japanese beetle than the ma
terial formerly employed and which cun be obtained at a lower 
cost. These specifications are as follows: 
Specific grnvity at 200 C_______________ ~_____ .. _ 0.875-0.895. 
Solubility in 70-percent etllyl alcohoL ________• __. 1. part in not more than 2 

parts of alcohol. 
Aldehydes as citronellaL_______________________ Not more than 3.5 percent. 
Esters as gerunyl acetate _______________________ Not more than 15 percent. 
Total free nlcohols ns citronellol und gel'llnloL__ More than 70 percent, Odor--________________________________________. Absence of any significant In

dication of added mate
rials.

Boiling range__________________________________ Not more than 5 percent 
boiling under 225 0 C. 01' 
more thun 18 percent boil
over 245 0 (760 111m pres
sure) . 

These specifications have been sent to Reveral manufacturers vf gera
niol, who quoted on a commercial grade meeting the stlllldnrds at an 
average of approximately $0.60 per pound as of April 1, 1935, which 
is $0.90 pel' pounc11ess than the price formerly paid. 

SUMMARY 

The speciiications that have been used in purchasing geraniol for 
Japanese beetle traps call for a material of good quality with a mini
mum of impurities. 

Tests conducted during 1933 and 1934 on a total of 21 lots of gem
11iol indicate that a material of high quality is not essential for maxi. 
mum attractiveness to the beetle. 

The cheap grades of geraniol, known as "technical or soap ge
ranio] ", vary widely in composition, and none of theRe grades 1S en
tirely satisfactory for llse in attracting the beetles. 

A certain percentage of esters in geraniol incr~ases the attractive
ness over a sample that is free from esters. 

Aldehydes and sesquiterpenes in limited quantities do not inhibit 
attractiveness. 

None of the components of geraniol that were tested is so attractive 
as the recommended mixture of geraniol and eugenoL When used 
with eugenol, citronellol and geranyl acetate are more attractive 
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than when used alone. The addition of eugenol has very little in
fluence on the attractiveness of citronellal and ~l'aniol ter1?enes. 

The iuvestigation has made it possible to devIse specificatIOns fora 
cheap grade of _geraniol which can be met by aU'mauufacturers of 
this material; Gerll,niol meeting these specifications can be obtained 
for about $0.60 per pound, and it is more attractive to the Japanese
beetle than the more expensive grades, which cost in quantity ap
proximately $1.50 per pound. 
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