Measuring the Relationship Between Liquid and Vapor Phase o
Concentrations for Esters Diluted in Mineral Oil Using a N e
Photoionization Detection-Based Approach f

Vinaya Mapitiyage, Austin Pauley, and Adam Dewan FLORIRARENY
Department of Psychology and Program of Neuroscience, Florida State University

ntroductior T wethods M Resuts

® Liquid dilutions are commonly used in olfactory research to adjust the vapor- Photoionization detector Measuring the liquid- / vapor-Phase ® VMineral Oil deal Behavior
phase concentrations of volatile odorants. ’ calibration ., relationships
] < 5 10000 . L e 5
. . . . . B /\)J\O e _° 10000 9 o7 NP . ° * 2 ojv ° - 10000 Q
® Goal: assess the relationship between liquid and vapor-phase concentrations of o 11 I. F‘ : |‘ ‘I A 5 ae ‘ 1000 & P
: . : : L 7 A -1000 3 2 3
ester acetates using our photoionization detector (PID) based method (Jennings o =1 o P o0 & P
et al’ 2022 . E 1 Carrier MFC — ! Dilutor MFC %,J,_ % 5
) %:Zzz__ 1X Solvent Only | 5 dCf)ptilonaI " - 10 = 10 = 10 g
_ _ _ _ o _ Sa001 [/ _— - A . Sigrificant jonization energles . , , , Ly 2 | . . | Ly 2 § T T N N L
® By subjecting a vapor sample to a strong ultraviolet light, PID ionizes the volatile 1000- | ; S e N e e S e N e e S acete oy
- . 0 N ' ' ' i utyrate] (%v/v iglate] (%v/v sec-Butyl Acetate] (Yov/v
molecules, producing a current that corresponds to the vapor concentration. o o a0 sin 460 sho | J IE ) i Bl v e TaRtel Cou)
= — __V:ive N ué B PNl B N _
S o o | PID is calibrated to isobutylene A SEe - S Bl Y T [ ). oo 10000 o N
® Significance: The liquid-/vapor-phase equilibrium equations can be used by gas at different gain levels ! | o000 & 0 oo, N
other researchers to obtain accurate vapor-phase ester concentrations : : Exaust 1000 g o B L 100§
Measurlng PID correction @ [ o Optional 100 g g ¢ EiBuyrae 1100 %
fa Cto rS D(i)lgt?):al\r/]ItFC high salij;?gg rvz(;j)g;acrgic\;lg:t]rations -10 %‘ - 10 %\ o ?:ft:gldgll ':gzgf[z - 10 g
O d t R I F I I th L f Diagram of PID-based method for measuring vapor-phase . . l . — 2 . . . . — 2 T S
orants dre y OIlIOW e dWS O i S odorant concentrations in different solvents. N T N N S
spacer [tert-Butyl Acetate] (%v/v) [methyl-2-furoate] (%v/v) Liquid Dilution (%v/v)
P rono rti ona I it Solvent responses Example PID trace _ | _
p y | ooy e 0.36% Odorant Ideal Behavior Mineral Oil
450- Propylene Glycol . ] e “r A Propanol
g ] 3 500 — 1.00 — 0.93
Raoult’'s Law for Ideal Solutions £ 3504 Diethyl Phthalate %400- Ethyl BUtyrate y 1 O56X y 4998X
/ Henry’'s Law The headspace above a liquid is proportional to its molar fraction. A £ Ethyl Tlglate y_39 9X1 00 y_287 3XO 08
' S ( . W a B 5 250- § ) = . ' - . '
/I *e .' . 1/2 vapor O . CO:]/C.'Ze:argoign B °. 1/2 vapor . . § Dipropylene Glycol & %00-
o J co:j:ntraltlon) B o © — r;o;r _ B co:(;zntraltlon %150_ /ﬁ §100_ L_L SeC_ButyI Acetate y=2934x100 y:2234x093
Non-ld | Soluti \ ) racr:ni%r?r l\ J fraction ra(r?i(());\r “\ J : o 50 Ao LA ) [~ T Water only
on-ldeal Solution \ ) fract k / t fract | . . A Stea/edli)OﬂzedVl;IthtpLg'el 1 V V- Lﬁ 0 . — tert'BUtyI Acetate y=582.4X1'00 y=835OXO'98
’ i ' ogorant was heated 1o Its boiling 05 0 05 10 15 20 25 30 h T'me(se.‘) | | — 1.00 — 0.82
At inifite dilutions, the heHa?jgg?a/cse Igt?:\gef(ajﬁwl(?\-ei?;a?;gttjﬁofgl;')”r:::;)aggional to its molar fraction. pO[nt p["[or tO PID measurement .  Time (se(.:) - | . The Slgnal IS CaICUlated as MethyI'Z'Furoate y_336x . y_837ox .
caoult's L 2| Jmited changen f "3 -] lmed change i s | Vvepor [ ] The vapor concentration was Solvent responses can the difference between the Propyl Acetate y=496.5x1:00 y=5924x1.00
aoult s Law vapor concentration *. * | vapor concentration concentration * . . . . . . .
——— - > confound estimations of vapor- = odorant in the solvent and
| | 1/2 molar /2 molar | ,} di v:_ded by the_ resulting signal P Butyl Acetate y=151.5x1.00 y=1408x0-92
GLDELY  fraction fraction —_J calibrated to isobutylene gas. phase odorant concentrations. the solvent alone.
Pentyl Acetate y=51.7x1.00 y=965.1x0-93

Odorants often deviate from the laws of proportionality resulting in higher-than-expected vapor-
phase concentrations.

Comparing our data to a published gas chromatography study
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animals tested with the same odorant in different solvents.



