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   The  saturated  vapor  pressures of  three  compounds  identified as  a  sex  pheromone  of

Lepidoptera  and  related  compounds  are  measured  by the  
"gas-saturation

 method."  The
values  of  saturated  vapor  pressure of  these  rnaterials  are  10-4-10JimmHg  at  BOeC,
Vapor-liquid  equilibrium  of  these  pheromonal compounds  is discussecl in regard  te these

values  for vapor  pressure and  rnele  fraction (or weight  %),

IN'1'RODUCTION

    In a  preceding paper  (HiRooKA and  SuwANAi,  1976), we  dcscribed the  relation

between sex  pheromone  diflUsion and  male  (pr¢ copulatory)  Ilight. Then, we  assumed

sex  pheromone  release  by a  virgin  female to  be simple  physical evaporation  and  that

the  evaporation  (release) rate  depended  on  the  diflUsion coeMcient  andi  vapor  pressure
of  the  sex  pheromone  as well  as  size and  form of  the pheromone  gland: if the  gland
was  a  hemisphere, the  radius  of  the  gland was  the charactcristic  length, Then,  a  value

for the vapor  pressure and  size  of  the  pheromone  gland  should  be deterrnined in order
to  study  the physicochemical  aspects  ofsex  pheromone  release  by  a  female moth.  How-
ever,  few experimental  values  for vapor  pressure and  equilibrium  ofactual  sex  pheromone
and  related  compounds  at  ordinary  temperature  were  obtained.  In th.is paper, we  will

report  data for saturated  vapor  pressurcs of  three  matcrials  found to be a  sex  pheromone
ofa  lepidopterous species  (TAMAKi et  al,, 1971 a, b) and  some  related  compounds

and  discuss their  significance.  Related  compounds  coexist  with  the  pheromone  on

a  gland. Release ofthe  pheromone  fbllows evaporation  of  these  rnaterials,  Thus, it is
important  to measure  not  on]y  the  saturated  vapor  prcssure of  thc  pheromone  itself but
also  that  of  the  relatecl  compounds.

MATERIALS  AND  METHODS

    Saturated vtipor  Pressure, As shown  in Fig. 1, O.5 or  1.0ml ofsolution  with  a  known
amount  of  sample  was  put  in a  sample  evaporator  for use  in the  

C`gas-saturation
 method"

(SuwANAi, 1957). After the solvent  was  removed,  the  evaporator  tube  was  installed
in this apparatus.  Dry  air  was  then  passed into the  evaporator  tube  at  a  constant  flow
rate  for a  specific  period of  time.  The  residue  of  sample  in the  tube  was  quantified with
GLCi.  The  diflbrence between the  initial and  final amount  of  the  sample  was  thc

i Shimadxu GC-4CPF,  3%  SE-SO or  3%  OV-l,  O3 mmx1,5-in  stainlcss  column,
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  Fig. 1, Apparatus  used  in the  
"gas-saturation

C: fiew rricter; D:  thermostat  vessel  with  stirrcr;

evaporator.

-,,,

        A

method",  A: ballast; B: dessicator;

E: air-warrn-up  channel;  F: samplc

amount  rerpoved  during the  specific  pcriodl thus,  a  quantity by unit  timc  (i.e., the

evaporation  rate)  was  obtained.  Reasoning that  air  passed  through  the  evaporator

tube  and  was  saturated  by the  samplc  vapor,  the  saturated  vapor  pressure of  the sample

was  estimated  by the  fo11owing equation:

                                     wT'

                            
Pr-62'4 × 

.M'
 (1)

where  P is the saturated  vapor  pressure (mmHg), w  is the  evaporation  rate  (mg/rnin),
T  is temperaturc  (OK), a  is the  air  flow rate  (ml/min), and  M  is the molecular  wcight.

Saturated vapor  pressures of  sample  materials  were  obtained  at  SOO, 400, 500, and

600C.  This  procedure  Nvas  repeated  fbr each  of  eleven  compounds,  including cis-9-

TDA,  cis-II-TDA  and  cis-9, trans-11-TDDA  (Table 1).
    Liguicl-vopor eeuilibrium.  According to physicocheinical properties, the  authors

(1976) chose  laur}rl acetate  and  myristy･1  acetatc  as  a  mode]  sex  pheromone.  Here,
in order  to consider  equilibrium  of  the binary sex  phcromone,  liquid-vapor equilibrium
ef  a  mixture  of  lauryl and  myristyl  acetate  was  examined  by distillation of  the mixture

undcr  recluced  pressure (SHoEMAKER and  GARLAND,  1967),

RESULTS

    Experimental results  for saturated  vapor  pressures of  sample  chemicals  are  sum-

marized  in Table 1. The  saturated  vapor  prcssures of  these  materia]s  are  10-4-10-i
mrnHg  at  300C.  The  values  for each  material  at  300, 400, 500, and  600C were  not  sig-

nificantly  dilllerent fi'om those  estimated  by the  CLAusius-CLApEyRoN  equation  accor-

ding to the  t-test (Table I),

    Thc  liquid-vapor  equilibrium  c)f the  mixture  of  lauryl acetate  and  myristyl  acetate

exhibited  a  sl{ghtly  positive deviation from Rault's Law,  according  to  the  t-test (Fig.
2). This leads te the  assumption  that  the  pheromone  mixturc  behaves according  to

RAuLT's  Law,

DISCUSSION

    The  saturated  vapor  prcssures of  the sample  materials  were  10-4-10Ji rnmHg

at  300C  (Table 1), Correspondcncc bctween  the  measurcd  and  calculated  lines of  sa-

turated vapor  pressure of  the  sample  was  obtained,  Tlie saturated  vapor  pressure, actually

partial pressure in air,  of  each  mat ¢ rial  at  a  constant  tcmperature  is maximum  at this
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Table 1. SATuRATEDlvTApORPRESSURES OFSEXPHEROMONEANDRET.ATEDCOMPOI]NDS

Saturatedvaporpressure(mmHg)

3oo 4oo 5oo 6oo a* b*

n-Dodccanc  (D)
n-Tctradecane  (T)
n-Nonyl  acetate  (NA)
LauryI  acetate  (LA)**
Myristyl acetate  (MA)**
cts-9-Tetradeccnyl

acetate  (cis-9-TDA)
cis-11-Tetradecenyl

acetate  (cis-ll-TDA)
cis-9,trans-11-Tctradeea-

dienyl acetate  (cis-9,
trans-11-TDDA)

Cety! acetate  (CA)
Lauryl  alcohol  (LAI)
Methyl  Iaurate (ML)

2,<L,5,3.9,LSxlO-i

8 × 10-21

× 10-21xlO-3OxlO-41

× 10-3

9.7× 10-4

8,3 × 10-4

4,2xlO-4

S.OxlO-3

1,Oxlo-2

381522,6× 10-i

,4× 10-2

.oxle-i3xlO-a

 1× 10-3

.5× 10-3

2.6× 10-3

1.5× 10-s

7 5 × 10-4
6,6xlO-3

2.4 × 10-2

612146.7× lo-t

.6 × lo-z

.2× 10-1

.2× lo-z

,3xtO-3

,7× lo-a

6.2xlo-e

4.5 × 10-a

125...3 × 10-a

9xlO-2

8 × 10-2

843211.6× 10-i

,2 × 10-i

OxlO-i
.6xlO-2

,OxlO-2

Axlo-a

1.2× 10-2

1,2 × 10-2

241.-.4 × 10-A7

× 10-22

× 10-i

587789,98,95,44･,83,44.43

9.23

9.87

41110,-.971416

232333Ol,13,64,14,48.76

8,70

3,95

243,,-532569

 *  a  and  b : Lines of  CLAusius-CLAFEyRoN  equat{on,  il'c., logP(mmiig)  =a-  (b×  lo3)fT(ok),

  are  not  significantly  diflk]rent from observed  lines according  to the  t-test,

**
 cf.  HIRooKA  and  SuwANAr  (1976),

which
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  Fig. 2, Mole  fraction of  lauryl acetate  vapor  above  mixture  of  lauryl acetate  and

myristyl  acetate.  Saturated vapor  pressure of  lauryl acetatc  is different from  that  of

myristyl  acetate,  The  broken line is consistent  with  Rault:s Law.  According  to the

t-test, there  is practically no  significant  difference betwcen  the  data values  and  RAuLT's  Law.

･temperature.

    The  saturatecl  vapor

estimated  from  the values

the  fo11owing equation:

density (concentration), Co
of  saturated  vapor  pressure(pglml),

 of  these eompounds  is
at  a  constant  temperature  with
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                           C,=PM/RT  (2)
where  R  is the gas constant.  Values of  saturated  vapor  density of  materials  used

here are  calculated  as  3-100  ELg,,iml at  SOCC, using  equation  (2), which  shows  the  maxi-

mum  concentration  at  30eC.

    There  are  many  phcromone-related compounds  relcasecl  by t'emale m()ths.  For
example,  TAMA-  et  al, (1976) reported  that  the  female of  EPodeptera litura F, released

nonyl,  lauryl, myristyl,  cetyl,  and  similar  esters,  Saturated  vapor  prcssures of  nonyl,

lauryJ, myristyl,  and  cetyl  acetate  are  5.1 × 10-2, 3.1 × 10-n, 9,0 × 10-4, and  4.2× 10-4
mrnHg  at  SOC'Cl, rcspcctively,  as  shown  in Table  1, Relatively straight-chain  chemicals

having ten-odd  carbons  posscss a  simitar  degree of  saturated  vapor  pressure to those

chcmicals  founcl as  sex  pheromonc,  Actual release  of  phcromone  consists  of  evapora-

tion  ofa  mixture  ofpheromonc  comp()nents  and  related  cempounds,  The  cvaporation

occurs  through  liquid-vapor cquilibrium  among  these  materials  on  the  phcromone
glancl, Then,  vapor  pressure, i. c,, vapor  concentration  of  sex  phcromone  in thc  air,

depends  on  its mo]e  fraction (or weight  9!,) on  the  gland. This  depcndence  is based

on  RAuLT's  Law,  which  shows  the  liquid-vapor equilibrium  of  thc  mixture  of  lauryl

and  myristyl  acetate,  Then,  vapor  of  sex  pheromone  and  the  analogues  behavc
as  an  ideal gas.
    Evaporation of  volatilc  componcnts  on  a  phcromone  giand cannot  be clisregarded
fbr the  purpose of  cstimating  pheromone  release.  Thus, in order  to  examinc  sex  phe-
romone  release  (i,e., release  rate  and  component  ratio  of  sex  pheromone), quantity
and  composition  of  the mixture  of  volatile  and  nonvolatile  compounds  emitted  by  a

virgin  female must  bo known.

    In the case  of  a  rnultiple  componcnt  pheromone  system,  the  ratio  of  pheromone
components  is known  to be significant  .[br reproductivc  isolation (R.oELoFs and  CARDi,
1974) and  the  male  approach  to a  virgin  female (YusmMA, 1976), Thcse  systems  may

contain  many  relatcd  compounds  in addition  to pheromonc  components.  TAMAKi
et  al. (I97Ia, b) sccm  to think  that the ratio  bctwecn pheromone  components  is not  in-

Iluenced by  volatile  compounds  other  than  scx  pheromone. Other  investi.aators
understand  it similarly  (RoELoFs and  CARDE,  1974; YusmMA,  1976). Physicochcmical

discussion also  yields the  same  results,  Thus,  the  question of  the  ratio  of  sex  pheromone
eomponcnts  must  bc answered  by studying  the  evaporatien  of  components  which  affbct

male  attraction,  positive.Iy or  negatively,

    On  the  other  hand, it is cxpectcd  that a  binary･ sex  pheromone  system  behaves
approximately  according  to RAuur's I:aw, sho"Tn  as:

                          atXl  Pl

                   
Yi

 
=1+

 (.- 1) x,  
',
 

･X
 
:'-

 ?,' (3)

wherc  Xi  ancl  Yi are  the  mole  fraction of  the  liquid ancl  vapor  phases, respectively;

Pi and  P2 are  thc  saturated  vapor  pressure ofthe  first and  second  materials,  respectively.

Rault's Law  represents  thc  ratio  ofbinary  pheromone  components  in a  pheromone  gland
and  in the  air  as  closely  related  through  the  law ef  partial pressure (liqu{d-vapor
equilibrium),

    For cxample,  it was  rcported  by TAMAKi  et  al. (I971 a, b) that  the  smaJler  tea

tortr'ix, Adbxophyes fasiciala W,  and  the  summerfiruit  tortrix, A. orana  F. voN  R. havc cis-

9-TDA  and  cis-11-TDA  as  their sex  pheromone  and  that  the  ratio  of  eis-9-TDA  of  thc

two  components  utilizcd  by  both  species  are  X(cis-9)=O,64  and  X(cis-9)=O.78, respec-

tively. The  ratio  of  the  two  components  of  A. fasiciaxa and  A, orana  was  obtained
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by  SATo  et al. (1974) by the  
"filter-paper-absorption

 methocl",  The  ratios  of  sex

pheromone  arc  Y(eis-9)===O.63 and  O.82, respectively,  Let  us  assume  that  the  values

are  the  ratio  of  sex  pheromone  released  by a  female and  drifting in the  air.

    Saturated vapor  pressure of  cis-9-  and  cis-11-TDA  arc  P(cis-9) and  P(cis-11), re-

spectively.  X(cis-9) and  Y(cis-9) are  mole  fraction ofcis-9-TDA  on  a  gland and  in the
air,  respectively.  Saturatedvapor pressures ofcis-9-TDA  are  almost  equal  to those of

cis-11-TDA,  as  shown  in Table  1; P(cis-9)=P(cis-ll). Thus,  ct=I  and

                           aX(cis-9)

                                      , 
Y(cis-9)= × (cis-9) (4)               Y(cis-9) =

                       1+(ct-1)X(cis-9),

    If the ratios  of  the  sex  pheromone  component  on  a  gland are  thc  values  given by
TAMAKi  et al. (1971a, b), those  of  the  pheromonal  component  released  by females
of  A, fasiciata and  A. orana  are  estimatcd  to be Y(cis-9)=O,64  and  O.78, respectively,

firom equation  (4). These values  are  equal  te those  obtained  by SATo  et  al. (1974),
Finally, this evidence  leads to the  conclusion  that  the  ratio  ofpheromone  components

on  a  gland is identical to that  in the  air  when  the  saturated  vapor  pressures of  the  com-

ponents  are  the  same.

    However, let us  consider  the  mixture  of  lauryl and  myristyl  acetate  as  a  model

of  sex  pheromone.  The  relationship  bctwcen lauryl and  myristyl  acetate  is assumed

to be expressed  by  equation  (3). Lauryl and  myristyl  acetate  are  the  first and  second

materials,  respectively.  Equation  (3) may  be rewritten  as

                         ctXm  PIA

                 
YL･{=

 1-[. (or-1)xLA, 
a=L'

 p,,. (5)

where  Xm  and  YL.  are  mole  firactions of  liquid and  vapor  phases, respectively,  and  Pi,A
and  PM.  arc  saturated  vapor  pressures of  lauryl and  myristyl  acetate,  respectively,  at

3eOC. The  value  of  the saturated  vapor  pressure of  lauryl acetate  is not  equal  to that
ofmyristyl  acetate  (Table 1). Equation (5) may  be rewritten  as  equation  (6) when

Pm  and  P.A are  3.l× IO-a and  9,Ox10-4mmHg,  respectively,  at  300C.

                     3.4ilXLA 3.1 × 10-3

              
YT`'4=1+2.4L4x,.,"'

 
"=g.o

× lo-4 
="::3'44

 (6)

If the  mole  fraction of  lauryl acetate  in the  liquid phase, XL.,  is O.l, thcn  the  mole

fraction in the  vapor  phase, YLA, is calculated  as  O.28, using  equation  (6). Similarly,
when  XiA  is O,5, YLA  is estimated  as  O.80, and  when  XLA  is O.9, Y..  is estimated  as

O.97 (Fig, 2). When  P, is not  equal  to P,, X,  diflbrs from  Y,  Cand X2  from Yu),

Finally, this indicates that  the  ratio  of  pheromone  components  on  a  gland is difllerent
from that  in the  air  when  the  saturated  vapor  pressures of  the  components  are  not

iclentical.

                               CONCLUSION

    It is necessary  to regard  the  saturated  vapor  pressure and  mole  fraction (or weight
%) ofsex  pheromone  in the secretory  cell,  on  the  gland, and  in the  air  when  discussing
the role  of  a sex  pheromone  system  with  many  related  compounds.  The  discussion
can  be divided into two  cases.  The  first case  is on  such  as  A..fasiciata and  A. orana  (TAMA-
-  et  al., !971 a, b), in which  the ratio  of  pheromonal  components  on  the  gland is
equal  to that in the  air.  In  the  second  case,  the ratio  on  the gland  is diffbrent from
that  in the  air  when  each  pheromonal  component  has a  different saturated  vapor  pres-
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sure.

    The  above  discussion suggests  that release  rate  ofsex  pheromone  dcpends not  only

on  the  saturated  vapor  pressures of  pheromonal  components  but also  on  those  of  ma-

tcrials other  than sex  pheromone  as  well  as  the  composition  of  the  mixture  with  phero-
rnone  components.  Experimental rcsults  and  physicochemical discussion ofpheromone
release  rate  will  be providecl in the  future.

ACKNOWLEDGEMENT

   We  wish  te thank  Dr, T. YusHiMA, National  Institute of  Agricultural Sciencc, fbr supply  ef

three unsaturated  acetates.

REFERENCES

HiRooKA, Y. and  M,  SuwANAi  (r976) Role  of  insect sex pheromone  in mating  behavior. I, Theo-

   retical  consideration  on  release  and  difrUsion of  sex  pheromonc  in the air.  APPI. Ent. Zoot. 11:
   126-l32,

RoEi･oFs, W.  L. and  R.  T. CARDE  (1974) Sex pheromones in the  reproductive  isolation of  lepidop-

   terous  specics,  In Rheremones (ed. BmcH,  M. a.), pp  96-114. North-Holland.
SATo,  R., K, HoNMA,  Y. TAMAKi,  H.  NoGuaHi  and  T. YusHiMA  (1974) Reproductive  isolation be-

   tween  the  smaller  tea tortrix and  the  summerfruit  tortrix IX. Ratio of the  two  sex  pheromonal

   components  and  related  compuunds,  Abstr. I8th ConjZ JbP. Soa. aPibl.  Ent. Zeet. p 208 (in Japanese).
SHoEMAKER, D. P. and  C, W.  GARLAND  (1967) ExPeriments in Ilopsical Chemistny. 2nd  Ed., Inter-
   national  Student Edition,
SuwANAi, M.  (1957) Physico-chemical studies  on  the  mode  of  action  of  several  organic  insecticides

   (Part II and  III). Butl, IVIit, inst. Agr. Sci, C, No.  9: l-64 (in Japanese),
TAMAKT,  Y., H. NoGucm  and  T. YusHiMA  (1971a) Two  sex  pheromenes  of  the  smaller  tea tortrix:

   Isolaltion, identication and  synthesis.  APPI. Ent. Zeot. 6: 141-l42,
:'AMAKi, Y,, H,  NoGucHT, T. YusHiMA,  C. HiRANo,  K,  HoNMA  and  H.  SuGAwARA  (l971b) Sex

   pheromone  of  the  surnmerfruit  tortrix; Isolation and  identification. Kondyu  39: 338-340.
TAMAKi,  Y., T, OsAwA, T. YusHiMA and  H.  NoGuciii  (1976) Sex pheromone and  related  compounds

   secreted  by the  virgin  females of  SPedoPtera litura F. JLiP. J. aPPI.  Ent. Zeol. 20: 81-86 (in Japanese).
YusHiMA,  T, (1976) insect Pheromones, UP  Biology Series, No.  16, Tokyo  University Press (in Japa-
   nese).


