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¢Õß “√„π·°ä ‚§√¡“‚µ°√“øï

∫∑§—¥¬àÕ

§à“‡Õπ∑—≈ªï¢Õß°“√≈–≈“¬ ¢Õß “√°≈ÿà¡πÕ√å¡—≈Õ—≈‡§π ·≈–°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å ∑’Ë

«‘‡§√“–Àå¥â«¬§Õ≈—¡πå‰¡à¡’¢—È« ∫’æ’1  “¡“√∂∑”π“¬‰¥â®“°§à“®”π«π§“√å∫Õπ‚¥¬Õ“»—¬ ¡°“√°“√∑”π“¬‡Õ°≈—°…≥å

 “√„π·°ä ‚§√¡“‚µ°√“øï (GC) ´÷Ëß‡ πÕ‚¥¬ Krisnangkura ·≈–§≥– [1] ¥—ß„π ¡°“√∑’Ë (1)

 (1)

‡¡◊ËÕ k §◊Õ§à“µ—«ª√–°Õ∫§ß§â“ß T §◊ÕÕÿ≥À¿Ÿ¡‘ —¡∫Ÿ√≥å (k)  à«π a, b, c ·≈– d §◊Õ§à“§ß∑’Ë∑“ß

‡∑Õ√å‚¡‰¥π“¡‘° å¢Õß§Õ≈—¡πå

¢âÕ¥’¢Õß°“√„™â«‘∏’∑’Ëπ”‡ πÕπ’È‡¡◊ËÕ‡∑’¬∫°—∫«‘∏’°“√‡¢’¬π°√“ø¢Õß vanût Hoff §◊Õ “¡“√∂∑”π“¬§à“

¢Õß “√„πÕπÿ°√¡‡¥’¬«°—π‰¥â‚¥¬µ√ß®“°§à“®”π«π§“√å∫Õπ‚¥¬‰¡à®”‡ªìπµâÕß©’¥ “√‡¢â“‡§√◊ËÕß GC

πÕ°®“°π’È °“√π”«‘∏’∑’Ë‡ πÕπ’È¡“„™â√à«¡°—∫°“√À“§à“‡Õπ∑—≈ªï¢Õß°“√°≈“¬‡ªìπ‰Õ ´÷Ëß‡ πÕ‚¥¬

Chickos ·≈–§≥– [2] æ∫«à“ “¡“√∂∑”π“¬§à“         ∑’Ë 298.15 K ¢Õß “√∑—Èß Õß°≈ÿà¡π’È‰¥âÕ¬à“ß·¡àπ¬” ‚¥¬

§«“¡·µ°µà“ß Ÿß ÿ¥√–À«à“ß§à“∑’Ë§”π«≥‰¥â°—∫§à“®“°‡Õ° “√Õâ“ßÕ‘ß¢Õß “√πÕ√å¡—≈Õ—≈‡§π ·≈–°√¥‰¢¡—π‡¡∑‘≈

‡Õ ‡∑Õ√å∑’Ë„™â‡ªìπ¡“µ√∞“π‡ª√’¬∫‡∑’¬∫ ‡∑à“°—∫√âÕ¬≈– 1.74 ·≈– 2.56 µ“¡≈”¥—∫

®“°º≈°“√«‘®—¬∑’Ë‰¥âπ’È∑”„Àâ§“¥À¡“¬«à“ “¡“√∂„™â«‘∏’∑’Ëπ”‡ πÕ„π°“√∑”π“¬§à“       ·≈–       ¢Õß

 “√°≈ÿà¡Õ◊ËπÊ ‡™àπ §’‚µπ Õ—≈¥’‰Œ¥å À√◊Õ‰¢¡—π·Õ≈°ÕŒÕ≈å ‰¥â‡™àπ‡¥’¬«°—π

§” ”§—≠ : °√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å / ·°ä ‚§√¡“‚µ°√“øï / πÕ√å¡—≈Õ—≈‡§π / ‡Õπ∑—≈ªï¢Õß°“√≈–≈“¬ /

‡Õπ∑—≈ªï¢Õß°“√°≈“¬‡ªìπ‰Õ

√—∫‡¡◊ËÕ 21 °ÿ¡¿“æ—π∏å 2548  µÕ∫√—∫‡¡◊ËÕ 25 æƒ…¿“§¡ 2548
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Forecasting Enthalpies of Solution (-∆H
sol

)

and Enthalpies of Vaporization (∆H
vap

)

of Solute in Gas Chromatography

The enthalpy of solution of n-alkanes and fatty acid methyl esters (FAMEs) on BP1
(non-polar) column can easily be estimated from their carbon numbers (z) by the equation (1) which
was proposed by Krisnangkura et al. [1]

(1)

where k is retention factor, T is the absolute temperature, and a, b, c and d are thermodynamic
constants of the column.

The advantage of the present method compared to the vanût Hoff plot method     is that the
of solute in the homologous series can be directly estimated and by passing the GC

analyses.

In addition, combining the proposed method to that of Chickos et al. [2] could be used for
calculating the molar enthalpy of vaporization (         at 298.15 K). The highest difference between
the calculated           and reference data are 1.74% and 2.56% for the standard n-alkanes and FAMEs,
respectively.

It is speculated that the and of other compounds such as ketones, aldehydes
and fatty alcohols could also be estimated by using the methods as proposed in this study.

Keywords : Fatty Acid Methyl Ester / Gas Chromatography / n-Alkane / Enthalpy of
Solution / Enthalpy of Vaporization

Abstract

Received 21 Febuary 2005 ; accepted 25 May 2005

(-∆Hsol)

-∆Hsol

∆Hvap

∆Hvap

-∆Hsol ∆Hvap

 Ink   =   a + bZ +     +    
c
T

dZ

T



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 4 µÿ≈“§¡-∏—π«“§¡ 2548 391

1. ∫∑π”

·°ä ‚§√¡“‚µ°√“øï (gas chromatography; GC) ‡ªìπ‡∑§π‘§Àπ÷Ëß∑’Ë‡À¡“– ¡„π°“√π”¡“„™â«—¥ ¡∫—µ‘∑“ß

‡∑Õ√å‚¡‰¥π“¡‘° å¢Õß “√ ·≈–¡’¢âÕ‰¥â‡ª√’¬∫°«à“«‘∏’¥—Èß‡¥‘¡∑’Ë„™â„π°“√À“ ¡∫—µ‘∑“ßøî ‘° å‡§¡’ (physicochemical

properties) À≈“¬ª√–°“√§◊Õ  “√∑’Ëπ”¡“«‘‡§√“–Àå‰¡à®”‡ªìπµâÕßÕ¬Ÿà„π√Ÿª “√∫√‘ ÿ∑∏‘Ï „™âª√‘¡“≥ “√µ—«Õ¬à“ß„π

°“√«‘‡§√“–ÀåπâÕ¬ ‡ªìπ«‘∏’∑’Ëßà“¬ ·≈–√«¥‡√Á« §à“∑’ËÀ“‰¥â¡’§«“¡·¡àπ¬”·≈–‡™◊ËÕ∂◊Õ‰¥â πÕ°®“°π’È GC ¬—ß‡ªìπ‡∑§π‘§

∑’Ë¡’ª√–‚¬™πå„π°“√À“ªØ‘ —¡æ—π∏å√–À«à“ß “√°—∫«—Ø¿“§π‘Ëß (solute-stationary phase (solvent) interaction) ´÷Ëß

 ¡¥ÿ≈√–À«à“ß·°ä -¢Õß‡À≈«„π§Õ≈—¡πå GC ¡—°· ¥ß¥â«¬§à“§ß∑’Ë¢Õß°“√·∫àß≈–≈“¬ (distribution constant; K)

À√◊Õ§à“æ≈—ßß“πÕ‘ √– (free energy) §à“‚¡≈“√å‡Õπ∑—≈ªï ·≈–‚¡≈“√å‡Õπ‚∑√ªï¢Õß°“√≈–≈“¬ (enthalpy- ; -∆Hsol

·≈– entropy of solution; ∆Ssol) ‚¥¬ -∆Hsol ‡ªìπ§à“∑’Ë ”§—≠∑’Ë ÿ¥ ·≈–¡—°®–À“‡æ◊ËÕ· ¥ß„Àâ‡ÀÁπ∂÷ßªØ‘‘ —¡æ—π∏å

√–À«à“ß “√°—∫«—Ø¿“§π‘Ëß §à“π’È “¡“√∂π”‰ª„™â„π°“√À“§à“Õÿ≥À¿Ÿ¡‘µË” ÿ¥∑’Ë«—Ø¿“§π‘Ëßπ—Èπ “¡“√∂„™âß“π‰¥â √«¡∂÷ß

°“√‡≈◊Õ°µ—«∑”≈–≈“¬ (solvent) ∑’Ë¥’∑’Ë ÿ¥ ”À√—∫„™â‡ªìπ«—Ø¿“§π‘Ëß (polymer stationary phase) ·≈–µ—«∑”

≈–≈“¬∑’Ë®–„™â ”À√—∫≈â“ß (rinsing) bonded phase „π·§æ‘≈≈“√’§Õ≈—¡πå πÕ°®“°π’È¬—ß “¡“√∂„™â· ¥ß∂÷ß‚æ≈“√‘µ’

¢Õß§Õ≈—¡πå‰¥â„π¢≥–∑’Ë ∆Hvap °Á¡’ª√–‚¬™πå„π°“√À“§à“Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥¢Õß§Õ≈—¡πå∑’Ë«—Ø¿“§π‘Ëßπ—Èπ “¡“√∂„™âß“π‰¥â

πÕ°®“°π’È°“√∑√“∫∂÷ß ¡∫—µ‘∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å¢Õß “√ ‡™àπ °√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å (fatty acid methyl

ester; FAMEs) ´÷Ëßπ‘¬¡„™â„πÕÿµ “À°√√¡´—°≈â“ß ‡ªìπ‡™◊ÈÕ‡æ≈‘ß ”À√—∫‡§√◊ËÕß¬πµå ¥’‡´≈ À√◊Õ‡ªìπ “√À≈àÕ≈◊Ëπ ¬—ß¡’

§«“¡®”‡ªìπµàÕ«‘»«°√‡§¡’„π°“√ÕÕ°·∫∫∂—ß‡°Á∫ °“√‡≈◊Õ°™π‘¥¢Õß “√Õ‘π∑√’¬å∑’Ë„™â °—¥ (solvent extractor) À√◊Õ

°“√ÕÕ°·∫∫§Õ≈—¡πå°≈—Ëπ ‡ªìπµâπ

1.1 °“√À“§à“‡Õπ∑—≈ªï¢Õß°“√≈–≈“¬ (-∆Hsol) ‚¥¬ GC
°“√À“§à“‡Õπ∑—≈ªï¢Õß°“√≈–≈“¬ (-∆Hsol) ‚¥¬ GC π—Èπ ¡’√“¬ß“π‰«âÀ≈“¬«‘∏’ ‰¥â·°à

1.1.1 °“√§”π«≥®“°§à“§«“¡™—π¢Õß°√“ø√–À«à“ß§à“¢Õß lnVg °—∫ 1/T

«‘∏’π’È‡À¡“–°—∫°“√À“§à“ -∆Hsol ®“°§Õ≈—¡πå·∫∫·æ§‡π◊ËÕß®“°°“√«—¥§à“ Vg ¢Õß·§æ‘≈“√’

§Õ≈—¡πå∑”‰¥â¬“° ‡æ√“–‰¡à∑√“∫§«“¡Àπ“∑’Ë·πàπÕπ¢Õßøî≈å¡‡§≈◊Õ∫ ∑”„Àâ‰¡à∑√“∫¡«≈∑’Ë·πàπÕπ¢Õß«—Ø¿“§π‘Ëß

πÕ°®“°π’È°“√«—¥Õ—µ√“°“√‰À≈¢Õß·°ä µ—«æ“∑’Ë§«“¡‡√Á«µË”Ê ∑”‰¥â¬“° Cai ·≈–§≥– [3] ‡ πÕ ¡°“√∑’Ë‚¬ß¡“®“°

∑ƒ…Æ’°“√‡§≈◊ËÕπ∑’Ë¢Õß “√„π‚§√¡“‚µ°√“øï·∫∫·∫àß≈–≈“¬¡“„™â„π°“√§”π«≥§à“°“√‡ª≈’Ë¬π·ª≈ß‡Õπ∑—≈ªï ·≈–

‡Õπ‚∑√ªï¢Õß°“√≈–≈“¬„π·°ä -¢Õß‡À≈«‚§√¡“‚µ°√“øï ¥—ß ¡°“√∑’Ë (2)

(2)

‚¥¬ §◊Õ ª√‘¡“µ√§ß§â“ß®”‡æ“– T §◊Õ Õÿ≥À¿Ÿ¡‘¢Õß§Õ≈—¡πå R §◊Õ §à“§ß∑’Ë¢Õß·°ä  Vs §◊Õ ª√‘¡“µ√¢Õß

«—Ø¿“§π‘Ëß ·≈– W
s 
§◊Õ ¡«≈¢Õß«—Ø¿“§π‘Ëß

´÷Ëß ¡°“√π’ÈπÕ°®“°À“§à“ -∆Hsol ·≈– ∆Ssol ®“°§«“¡™—π ·≈–®ÿ¥µ—¥·°π¢Õß°√“ø√–À«à“ß

°—∫ 1/T ¢Õß “√™π‘¥µà“ßÊ µ“¡≈”¥—∫·≈â« ß“π«‘®—¬π’È¬—ß‡ª√’¬∫‡∑’¬∫„Àâ‡ÀÁπ§«“¡¡’¢—È« —¡æ—∑∏å¢Õß«—Ø¿“§π‘Ëß

(relative polarity of stationary phase) ®“°§à“ -∆Hsol ¢Õß “√∑’Ë·¬°¥â«¬§Õ≈—¡πå·∫∫·æ§∑’Ë¡’¢—È«µà“ßÊ °—π¥â«¬

‡™àπ‡¥’¬«°—∫ß“π«‘®—¬¢Õß Polanuer ·≈–§≥– [4] ´÷ËßÀ“§à“‡Õπ∑—≈ªï®“° ¡°“√∑’Ë (3)

 InVg   =   − ∆Hsol
RT

∆Ssol
R

0 + + In(R × 273.2 × VsIWs)

Vg 
0

 InVg
0
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(3)

´÷Ëß„πß“π«‘®—¬π’È‰¥âπ”§à“‡Õπ∑—≈ªï·≈–‡Õπ‚∑√ªï¢Õß°“√≈–≈“¬∑’ËÀ“‰¥â‰ª„™âª√–‚¬™πå„π°“√À“

§à“Õÿ≥À¿Ÿ¡‘„π°“√„™âß“π (Temperature limit; Tlim) ¢Õß§Õ≈—¡πå¥â«¬

1.1.2 °“√§”π«≥®“°§«“¡ —¡æ—π∏å¢Õß§à“‡«≈“§ß§â“ß°—∫®ÿ¥‡¥◊Õ¥

Héberger ·≈– Kowalska [5] π”‡ πÕ«‘∏’°“√´÷Ëß‡À¡“–°—∫°“√ª√–¡“≥§à“ -∆Hsol ∑’Ë»÷°…“

‚¥¬„™â§Õ≈—¡πå™π‘¥‰¡à¡’¢—È«À√◊Õ¡’¢—È«‡≈Á°πâÕ¬ ‚¥¬°“√§”π«≥®–‰¡à§”π÷ß∂÷ßº≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕ¢âÕ¡Ÿ≈§à“§ß§â“ß

1.1.3 °“√§”π«≥®“°§à“µ—«ª√–°Õ∫§ß§â“ß (retention factor; k)

«‘∏’π’Èπ‘¬¡„™â°—π¡“°‡π◊ËÕß®“°§”π«≥‰¥âßà“¬®“°‚§√¡“‚µ·°√¡ ‡™àπß“π«‘®—¬¢Õß Li ·≈–§≥–

[6] ´÷Ëß»÷°…“°≈‰° (mechanism) °“√§ß§â“ß¢Õß “√ aromatic 37 ™π‘¥ ∑’Ëª√–°Õ∫‰ª¥â«¬ “√ positional isomer

12 °≈ÿà¡∫π§Õ≈—¡πå crown ether polysiloxane 2 ™π‘¥ ‚¥¬«—¥§à“µ—«·ª√∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å ‰¥â·°à §à“‡Õπ∑—≈ªï

(-∆Hsol) ‡Õπ‚∑√ªï (∆Ssol) æ≈—ßß“πÕ‘ √–¢Õß°“√≈–≈“¬ (∆Gsol) ·≈–§«“¡·µ°µà“ß¢Õß§à“‡Õπ∑—≈ªï

[∆ (-∆H)] ·≈–‡Õπ‚∑√ªï [∆ (∆S)] ‚¥¬Õ“»—¬ ¡°“√∑’Ë (4)

(4)

‚¥¬§à“ -∆Hsol ·≈– ∆Ssol ¢Õß “√§”π«≥¥â«¬«‘∏’ least-square methods ®“°§«“¡™—π (-Hsol/R) ·≈–®ÿ¥µ—¥

·°π ¢Õß°√“ø√–À«à“ß Ink °—∫ 1/T ‚¥¬„™âÕÿ≥À¿Ÿ¡‘„π™à«ß 90 ∂÷ß 240 °´ Àà“ß°—π™à«ß≈–

10 °´  à«π§à“ ∆ (-∆H) ·≈– ∆ (∆S) À“‰¥â®“° ¡°“√∑’Ë (5)

(5)

‡¡◊ËÕ α §◊Õ §à“ª√– ‘∑∏‘¿“æ°“√·¬° (separation factor)

 ¡∫—µ‘∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å∑’Ë«—¥‰¥âπ”‰ª„™â„π°“√æ‘®“√≥“°“√§ß§â“ß °“√‡≈◊Õ°™π‘¥¢Õß«—Ø¿“§π‘Ëß ·≈–Õÿ≥À¿Ÿ¡‘∑’Ë

‡À¡“– ¡¢Õß§Õ≈—¡πåµàÕ°“√·¬° “√ positional isomer ∑—Èß 12 °≈ÿà¡ ÕÕ°®“°°—π‡™àπ‡¥’¬«°—∫ Li ·≈– Carr [7]

regression logk °—∫ 1/T (vanût Hoff plot) ·≈–À“§à“ -∆Hsol
 ®“° ¡°“√∑’Ë (6)

(6)

0dInVg

d(1/T)
∆Hsol     =    − R 

RT
Ink     =    − ∆Hsol

R
∆Ssol+ − Inβ

−(∆H1 − ∆H2) 
RT

∆S1 − ∆S2

R
Inα     =    +

−∆(∆H) 
RT

∆(∆S) 
R

+=

dlog k
d(1/T)

∆Hsol

2.303R
=    −

R
∆Ssol − Inβ(                     )
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1.1.4 °“√§”π«≥®“°§«“¡™—π¢Õß°√“ø√–À«à“ß ln(k/T) °—∫ 1/T

«‘∏’π’È Görgényi ·≈– Héberger [8] ‰¥âæ—≤π“¢÷Èπ‚¥¬‡ÀÁπ«à“§à“ -∆Hsol
   ∑’Ë§”π«≥®“°§à“ lnVg

·≈– lnk °—∫ 1/T „Àâ§à“∑’Ë·µ°µà“ß°—πÕ—π‡π◊ËÕß¡“®“° ¿“«–¡“µ√∞“π∑’Ë„™â §«“¡‡¢â¡¢âπ À√◊Õ§«“¡¥—π¢Õß “√„π

«—Ø¿“§‡§≈◊ËÕπ∑’Ë·µ°µà“ß°—π ®÷ß‚¬ß§«“¡ —¡æ—π∏å√–À«à“ß Vg °—∫ k ‡¢â“¥â«¬°—π‰¥â‡ªìπ ¡°“√∑’Ë„™âÕ∏‘∫“¬∂÷ß∫∑∫“∑

¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕ°“√§ß§â“ß¥—ß ¡°“√∑’Ë (7) À√◊Õ ¡°“√∑’Ë (8)

(7)

À√◊Õ (8)

‚¥¬ Ws §◊Õ §à“¡«≈¢Õß«—Ø¿“§π‘Ëß M §◊Õ relative molar mass of stationary phase, VM §◊Õ ª√‘¡“µ√§ß§â“ß

¢Õß “√‰¡à§ß§â“ß∑’Ëª√—∫·°â·≈â« (corrected gas hold-up volume)

´÷ËßµàÕ¡“ Héberger ·≈– Görgényi [9] ‰¥â√“¬ß“π«à“ ¡°“√¥â“π∫ππ’È„™â‰¥â„π™à«ßÕÿ≥À¿Ÿ¡‘∑’Ë

®”°—¥ §◊ÕµâÕß∂◊Õ«à“ -∆Hsol
  ·≈– ∆Ssol

 ‰¡à¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘‡∑à“π—Èπ ®÷ß‰¥â‡ πÕ ¡°“√„À¡à¢÷Èπ¡“‡æ◊ËÕ„Àâ„™â‰¥â°—∫™à«ß

Õÿ≥À¿Ÿ¡‘∑’Ë°«â“ß¢÷Èπ‚¥¬π”°Æ¢Õß Kirchoff ·≈–°Æ¢âÕ∑’Ë 3 ¢Õß‡∑Õ√å‚¡‰¥π“¡‘° å´÷ËßÕ∏‘∫“¬º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕ§à“

‡Õπ∑—≈ªï ·≈–‡Õπ‚∑√ªï¡“„™â ‰¥â‡ªìπ ¡°“√∑’Ë (9)

(9)

‡¡◊ËÕ To §◊Õ Õÿ≥À¿Ÿ¡‘Õâ“ßÕ‘ß ∆Cp §◊Õ º≈µà“ß¢Õß§à“§«“¡®ÿ§«“¡√âÕπ∑’Ë§«“¡¥—π§ß∑’Ë (difference in molar heat

capacity at constant P) ·≈–      §◊Õ §à“§ß∑’Ë

 ¡°“√ (9) π’È  “¡“√∂„™â„π°“√§”π«≥§à“ -∆Hsol ‰¥â·¡àπ¬”¡“°¢÷Èπ Õ¬à“ß‰√°Áµ“¡ §à“ -∆Hsol

∑’Ë§”π«≥‰¥â®“°·µà≈–«‘∏’∑’Ë‡ πÕ¡“®”‡ªìπµâÕß©’¥ “√µ—«Õ¬à“ß‡¢â“‰ª„π§Õ≈—¡πå GC ∑ÿ°§√—Èß ®÷ß®–§”π«≥§à“ -∆Hsol

ÕÕ°¡“‰¥â ∑”„Àâ‰¡à –¥«°„π°“√„™âß“π·≈–‡ ’¬§à“„™â®à“¬ Ÿß ‚¥¬‡©æ“–„πµ—«Õ¬à“ß∑’Ë¡’√“§“·æß

„πªï 1997 Krisnangkura ·≈–§≥– [1] ‰¥â‡ πÕ ¡°“√∑’Ë‚¬ß§«“¡ —¡æ—π∏å√–À«à“ß§à“‡«≈“™–

(tR) ®”π«π§“√å∫Õπ (Z) °—∫æ“√“¡‘‡µÕ√å∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å‡¢â“‡ªìπ ¡°“√∑”π“¬°“√‡§≈◊ËÕπ∑’Ë¢Õß “√„π GC

‚¥¬‰¡àÕ“»—¬ “√Õâ“ßÕ‘ß¥—ß ¡°“√∑’Ë (10) À√◊Õ ¡°“√∑’Ë (1)

(10)

À√◊Õ (1)

0

k
T
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R
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WsRIn
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o
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R
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T
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∆Cp

R
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‚¥¬∑’Ë a, b, c ·≈– d §◊Õ §à“§ß∑’Ë¢Õß§Õ≈—¡πå´÷Ëß®”‡æ“– ”À√—∫ “√µ—«Õ¬à“ß·≈–«—Ø¿“§π‘ËßÀπ÷ËßÊ ¡’§à“

‡∑à“°—∫ µ“¡≈”¥—∫ T §◊ÕÕÿ≥À¿Ÿ¡‘§Õ≈—¡πå (K), Z §◊Õ®”π«π§“√å∫Õπ

k §◊Õµ—«ª√–°Õ∫§ß§â“ß (retention factor) ¡’§à“‡∑à“°—∫ ‡¡◊ËÕ tR  
·≈– tM §◊Õ ‡«≈“§ß§â“ß¢Õß “√µ—«Õ¬à“ß

·≈– “√‰¡à§ß§â“ß µ“¡≈”¥—∫

-∆Ho ·≈– -δH  §◊Õ §à“‡Õπ∑—≈ªï¢Õß°“√≈–≈“¬¢Õß “√ ¡¡ÿµ‘∑’Ë¡’®”π«π§“√å∫Õπ‡ªìπ 0 ·≈–§à“‡Õπ∑—≈ªï∑’Ë‡ª≈’Ë¬π·ª≈ß

‰ªµàÕÀπ÷Ëß§“√å∫ÕπÕ–µÕ¡ µ“¡≈”¥—∫

∆So ·≈– δS §◊Õ §à“‡Õπ‚∑√ªï¢Õß°“√≈–≈“¬¢Õß “√ ¡¡ÿµ‘∑’Ë¡’®”π«π§“√å∫Õπ‡ªìπ 0 ·≈–§à“‡Õπ‚∑√ªï∑’Ë

‡ª≈’Ë¬π·ª≈ß‰ªµàÕÀπ÷Ëß§“√å∫ÕπÕ–µÕ¡ µ“¡≈”¥—∫

·≈– β (phase ratio of column) §◊Õ Õ—µ√“ à«π√–À«à“ßª√‘¡“µ√¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’ËµàÕª√‘¡“µ√¢Õß«—Ø¿“§π‘Ëß

 ¡°“√ (1)  “¡“√∂π”¡“„™â„π°“√§”π«≥§à“‡«≈“™– §à“¥—™π’§ß§â“ß¢Õß‚°·«°´å (I) ·≈–§à“

§«“¡¬“«§“√å∫Õπ‡∑’¬∫‡∑à“ (ECL) ¢Õß “√‰¥âÕ¬à“ß∂Ÿ°µâÕß [10, 11]

®“°§«“¡ —¡æ—π∏å√–À«à“ß§à“§ß∑’Ë a, b, c ·≈– d °—∫§à“∑“ß‡∑Õ√‚¡‰¥π“¡‘° å„π ¡°“√∑’Ë (10)

·≈– ¡°“√∑’Ë (1) ¢â“ßµâπ ¥—ßπ—ÈπÀ“°µâÕß°“√À“§à“‡Õπ∑—≈ªï ·≈–‡Õπ‚∑√ªï¢Õß°“√≈–≈“¬¢Õß “√„¥Ê ∑’Ë·¬°∫π

§Õ≈—¡πå™π‘¥‰¡à¡’¢—È« “¡“√∂À“‰¥â®“° ¡°“√∑’Ë (11) ·≈– ¡°“√∑’Ë (12) µ“¡≈”¥—∫

(11)

·≈– (12)

1.2 °“√À“§à“ ∆Hvap ®“° -∆Hsol ‚¥¬«‘∏’ Correlation Gas Chromatography
Chickos ·≈–§≥– [11] ‰¥âÕ∏‘∫“¬«‘∏’°“√À“§à“ ∆Hvap ¢Õß “√∑’ËÕÿ≥À¿Ÿ¡‘ª°µ‘ (25 o´ À√◊Õ 298.15

K) ‚¥¬«‘∏’ Correlation Gas Chromatography ¢Õß “√Õ‘π∑√’¬å‰«âÀ≈“¬°≈ÿà¡¥â«¬°—π √«¡‰ª∂÷ß “√°≈ÿà¡πÕ√å¡—≈Õ—≈‡§π

[12] polychlorinated biphenyl [13] ·≈– °≈ÿà¡ crown ether [14] ´÷Ëß Verevkin ·≈–§≥– [15-17] ‰¥âπ”À≈—°

°“√π’È¡“„™â„π°“√À“§à“ ∆Hvap ¢Õß “√°≈ÿà¡Õ◊ËπÊ ‡æ‘Ë¡‡µ‘¡‰¥â·°à  “√°≈ÿà¡ branched esters, monoolefin hydro-

carbons ·≈– branched chain alcohols ‚¥¬‰¥âæ‘ Ÿ®πå„Àâ‡ÀÁπ«à“°“√À“§à“ Hvap ‚¥¬«‘∏’π’È¡’§à“„°≈â‡§’¬ß°—∫«‘∏’°“√

√–‡À¬ (transpiration method) ¡“° ·≈– “¡“√∂À“§à“ ∆Hvap ¢Õß “√µ—«Õ¬à“ß∑’ËµâÕß°“√∑√“∫‰¥âÕ¬à“ß√«¥‡√Á«

·≈–·¡àπ¬”

∆So

R

∆Ho

RT

δS

R

δH

R
− Inβ,      , − −·≈–

tR − tM

tM

=−∆Hsol (∆Ho) + (ZδHo) −∆Hsol  =  (c × R)  +  (dZ × R)À√◊Õ

=∆Ssol ∆So + ZδS ∆Ssol  =  (a + Inβ)R  +  (bZ × R)À√◊Õ
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1.2.1 À≈—°°“√À“§à“ ∆Hvap 
®“° -∆Hsol ‚¥¬«‘∏’ Correlation Gas Chromatography ¢Õß

Chickos ·≈–§≥– [2]

Chickos ·≈–§≥– [2] ‰¥â„™â°√“ø§«“¡ —¡æ—π∏å√–À«à“ß§à“  ∆Hsol   ´÷Ëß„Àâ§”π‘¬“¡«à“‡ªìπ

‡Õπ∑—≈ªï¢Õß°“√‡§≈◊ËÕπ¬â“¬ “√®“° ∂“π– “√≈–≈“¬‰ª¬—ß ∂“π–·°ä  (enthalpies of transfer from solution

to the gas phase) °—∫§à“ ∆Hvap ́ ÷Ëß§à“ ∆Hvap ¢Õß “√ “¡“√∂À“‰¥â®“°‡Õ° “√Õâ“ßÕ‘ß °√“ø∑’Ë‰¥â®–‡ªìπ‡ âπµ√ß

∑”„Àâ§”π«≥§à“ ∆Hvap ¢Õß “√∑’ËµâÕß°“√‰¥â®“°§«“¡™—π·≈–®ÿ¥µ—¥·°π¢Õß°√“ø °“√À“§à“ ∆Hvap ‚¥¬«‘∏’

correlation GC ¡’¢—ÈπµÕπ¥—ßπ’È§◊Õ

1.2.1.1 À“§à“  ∆Hsol   ¢Õß “√µ—«Õ¬à“ß·≈– “√Õâ“ßÕ‘ß‚¥¬«‘∏’∑“ß GC

‚¥¬©’¥ “√º ¡√–À«à“ß “√µ—«Õ¬à“ß°—∫ “√Õâ“ßÕ‘ß‡¢â“‰ª„π§Õ≈—¡πå™π‘¥‰¡à¡’¢—È« (‡™àπ

DB-1) À√◊Õ¡’¢—È«‡≈Á°πâÕ¬ (‡™àπ DB-5) ‡°Á∫¢âÕ¡Ÿ≈§à“‡«≈“§ß§â“ß¢Õß “√µ—«Õ¬à“ß·≈– “√‰¡à§ß§â“ß·≈â«π”¡“

æ≈Õ∑°√“ø√–À«à“ß§à“ ‡ªìπ§à“§ß§â“ß¢Õß “√∑’Ëª√—∫·°â·≈â« ‚¥¬°√“ø§«“¡ —¡æ—π∏å

√–À«à“ß§à“ ¡’∑’Ë¡“®“°°√“ø§«“¡ —¡æ—π∏å  Clausius-Clapeyron  √–À«à“ß

„π ¡°“√¢Õß Clausius-Clapeyron ¥—ß ¡°“√ (13)

(13)

‡¡◊ËÕ p §◊Õ §à“§«“¡¥—π‰Õ (vapor pressure) ¡’Àπà«¬ Pa, T  §◊Õ Õÿ≥À¿Ÿ¡‘ (K), c §◊Õ §à“§ß∑’Ë

‡π◊ËÕß®“°§à“‡«≈“§ß§â“ß∑’Ëª√—∫·°â¢Õß “√∑’Ë·¬°∫π§Õ≈—¡πå∑’Ë¡’«—Ø¿“§π‘Ëß™π‘¥‰¡à¡’¢—È«

·ª√º°º—π°—∫§à“§«“¡¥—π‰Õ¢Õß “√ ¥—ß„π√Ÿª∑’Ë 1 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“ ¢Õß “√∑’Ë

¡’À¡Ÿàøíß°å™—πµà“ßÊ ‡™àπ Õ—≈‡§π Õ—≈§’π ·Õ≈°ÕŒÕ≈å ‡Õ ‡∑Õ√å ·≈–Õ’‡∏Õ√å ‡ªìπµâπ ®”π«π 99 µ—«Õ¬à“ß ´÷Ëß‰¥â§«“¡

 —¡æ—π∏å¥—ß ¡°“√∑’Ë (14)

(14)

=    −            + cIn(p)
∆Hsol

vap

RT

vap

In(1/tR)  °—∫  1/T    ‡¡◊ËÕ  tR' '

In(1/tR)  °—∫  1/T  ' In(p)  °—∫  1/T  

In(p)  °—∫  In(1/tR)'

=    1.0704In(1/tR) + 2.8657, R2    =    0.965In(p) '

vap
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®“°§«“¡ —¡æ—π∏å¥—ß ¡°“√∑’Ë (13) ·≈– (14) ¥—ß°≈à“« Chickos ·≈–§≥– [2]  “¡“√∂À“§à“  ∆Hsol  ‰¥â®“°

§«“¡™—π¢Õß°√“ø §Ÿ≥¥â«¬§à“§ß∑’Ë¢Õß·°ä 

µ—«Õ¬à“ß°√“ø§«“¡ —¡æ—π∏å√–À«à“ß ¢Õß “√Õâ“ßÕ‘ß·≈– “√µ—«Õ¬à“ß„π°≈ÿà¡ poly-

chlorinated biphenyl · ¥ß‰«â¥—ß√Ÿª∑’Ë 2 (™◊ËÕ “√µ—«Õ¬à“ß· ¥ß‰«â„πµ“√“ß∑’Ë 1)

√Ÿª∑’Ë 1  §«“¡ —¡æ—π∏å√–À«à“ß§à“≈Õ°“√‘∑÷¡¢Õß§«“¡¥—π‰Õ°—∫§à“≈Õ°“√‘∑÷¡

¢Õß§à“‡«≈“§ß§â“ß∑’Ëª√—∫·°â·≈â«¢Õß “√À¡Ÿàøíß°å™—πµà“ßÊ

®“°°“√∑¥≈Õß‡¥’¬«°—π [2]

vap

In(1/tR)  °—∫  1/T  '

In(1/tR)  °—∫  1/T  '

√Ÿª∑’Ë 2  §«“¡ —¡æ—π∏å√–À«à“ß                       ¢Õß “√Õâ“ßÕ‘ß·≈– “√µ—«Õ¬à“ß„π°≈ÿà¡

polychlorinated biphenyl [13]

In(1/tR)  °—∫  1/T  '



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 4 µÿ≈“§¡-∏—π«“§¡ 2548 397

1.2.1.2 À“¢âÕ¡Ÿ≈§à“ ∆Hvap ∑’ËÕÿ≥À¿Ÿ¡‘ 298.15 K ¢Õß “√∑’Ë„™âÕâ“ßÕ‘ß„π¢âÕ 1.2.1.1 ®“°

‡Õ° “√Õâ“ßÕ‘ß

1.2.1.3 ‡¢’¬π°√“ø§«“¡ —¡æ—π∏å√–À«à“ß ∆Hsol   ∑’ËÀ“‰¥â„π¢âÕ 1.2.1.1 °—∫§à“ ∆Hvap ¢Õß

 “√Õâ“ßÕ‘ß„π¢âÕ 1.2.1.2 ´÷Ëß®–‰¥â°√“ø‡ âπµ√ß¥—ß· ¥ßµ—«Õ¬à“ß‰«â„π√Ÿª∑’Ë 3

vap

√Ÿª∑’Ë 3  §«“¡ —¡æ—π∏å√–À«à“ß ∆Hvap (∑’ËÕÿ≥À¿Ÿ¡‘ 298.15 K, ®“°‡Õ° “√Õâ“ßÕ‘ß)

·≈–„π GC ¢Õß “√Õâ“ßÕ‘ß ÷́ËßÀ“‰¥â®“°§«“¡™—π¢Õß°√“ø

§Ÿ≥¥â«¬§à“§ß∑’Ë¢Õß·°ä ¢Õß°√“ø√Ÿª∑’Ë 2 [13]

®“°°√“ø√Ÿª∑’Ë 3 ‰¥â ¡°“√‡ âπµ√ß∑’Ë· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß  ∆Hsol  ·≈– ∆Hvap  
¥—ß„π

 ¡°“√∑’Ë (15)

(15)

1.2.1.4 §”π«≥§à“ ∆Hvap ¢Õß “√µ—«Õ¬à“ß‚¥¬„™â ¡°“√ (15)

´÷Ëß®“°¢âÕ¡Ÿ≈∑’Ë¬°µ—«Õ¬à“ß¡“ “¡“√∂§”π«≥§à“ ∆Hvap ¢Õß “√µ—«Õ¬à“ß polychlorinated

biphenyl ‰¥â¥—ß· ¥ß„πµ“√“ß∑’Ë 1

vap

=    1.851(∆Hsol  ) − 11.99∆Hvap
vap
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°“√À“§à“ ∆Hvap 
‚¥¬«‘∏’ correlation GC ¢Õß “√°≈ÿà¡Õ◊ËπÊ °Á∑”„π≈—°…≥–‡¥’¬«°—π [12-17] ‚¥¬§«“¡

·¡àπ¬”¢Õß§à“ ∆Hvap 
∑’Ë§”π«≥‰¥â¢÷ÈπÕ¬Ÿà°—∫§«“¡∂Ÿ°µâÕß¢Õß§à“ ∆Hvap ∑’Ë‰¥â®“°‡Õ° “√Õâ“ßÕ‘ß Õ¬à“ß‰√°Áµ“¡«‘∏’

°“√∑’Ëπ”‡ πÕπ’È¡’¢âÕ®”°—¥ §◊Õ “√µ—«Õ¬à“ß∑’ËµâÕß°“√À“§à“ ∆Hvap 
µâÕß¡’‚§√ß √â“ß§≈â“¬§≈÷ß°—∫ “√Õâ“ßÕ‘ß ·≈–®–

µâÕß©’¥ “√µ—«Õ¬à“ß‰ªæ√âÕ¡°—∫ “√Õâ“ßÕ‘ß∑ÿ°§√—Èß

¥—ßπ—Èπ®“°§”®”°—¥§«“¡¢Õß§à“§ß∑’Ë c ·≈– d ¢Õß§Õ≈—¡πå®÷ß‡ÀÁπ«à“ “¡“√∂π”¡“„™â„π°“√À“§à“ −∆Hsol

¢Õß “√„π GC ‰¥â ‚¥¬Õ“»—¬À≈—°°“√‡¥’¬«°—∫°“√§”π«≥®“°§à“µ—«ª√–°Õ∫§ß§â“ß (k) À√◊Õ vanût Hoff plots

(lnk °—∫ 1/T) ·µà«‘∏’°“√π’È¡’¢âÕ‰¥â‡ª√’¬∫°«à“ §◊Õ “¡“√∂∑”π“¬§à“ −∆Hsol ¢Õß “√∑’ËÕ¬Ÿà„πÕπÿ°√¡‡¥’¬«°—∫ “√∑’Ë

¡’§à“§ß∑’Ë¢Õß§Õ≈—¡πå‰«â·≈â« ‚¥¬‰¡à®”‡ªìπµâÕß∑√“∫§à“‡«≈“§ß§â“ß¢Õß “√∑”„Àâª√–À¬—¥‡«≈“·≈–§à“„™â®à“¬„π°“√

«‘‡§√“–Àå≈ß

πÕ°®“°π’È°“√π”«‘∏’°“√À“§à“‡Õπ∑—≈ªï¢Õß°“√°≈“¬‡ªìπ‰Õ (∆Hvap) ‚¥¬«‘∏’∑’Ë‡√’¬°«à“ correlation gas

chromatography ́ ÷Ëß‡ πÕ‚¥¬ Chickos ·≈–§≥– [2] ¡“‚¬ß§«“¡ —¡æ—π∏å√–À«à“ß§à“ -∆Hsol ∑’ËÀ“‰¥â°—∫§à“ ∆H
vap

´÷Ëß¡’Õ¬Ÿà„π‡Õ° “√Õâ“ßÕ‘ß∑”„Àâ “¡“√∂À“§à“ ∆Hvap ¢Õß “√®“°§à“¥—™π’§ß§â“ß¢Õß‚°·«°´å (I) À√◊Õ§à“§«“¡¬“«

§“√å∫Õπ‡∑’¬∫‡∑à“ (ECL) ¢Õß “√‰¥â‚¥¬‰¡à®”‡ªìπµâÕß©’¥ “√µ—«Õ¬à“ß

¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ßπ”‡ πÕ«‘∏’∑”π“¬§à“ -∆Hsol ·≈– ∆Hvap ¢ÕßπÕ√å¡—≈Õ—≈‡§π ·≈– FAMEs ¥â«¬«‘∏’

∑“ß GC ‚¥¬°“√À“§à“ -∆Hsol ®“°§à“§ßµ—« c ·≈– d „π ¡°“√ (1) ́ ÷Ëß¡’§«“¡§≈â“¬§≈÷ß°—∫°“√§”π«≥§à“ k „π¢âÕ

3 ·µà ‘Ëß∑’Ëµà“ß°—π§◊Õ«‘∏’°“√„π¢âÕ‡ πÕπ’È¡’§«“¡ –¥«°°«à“ ‡π◊ËÕß®“° “¡“√∂§”π«≥§à“ -∆Hsol ¢Õß “√™π‘¥Õ◊ËπÊ

∑’ËÕ¬Ÿà„πÕπÿ°√¡‡¥’¬«°—π‰¥â‚¥¬‰¡àµâÕß∑”°“√∑¥≈Õß©’¥ “√µ—«Õ¬à“ß‡¢â“‡§√◊ËÕß GC ®“°π—Èπ®–‚¬ß§«“¡ —¡æ—π∏å√–À«à“ß§à“

µ“√“ß∑’Ë 1 §«“¡™—π¢Õß°√“ø√Ÿª∑’Ë 2 §à“  ∆Hsol   ÷́Ëß§”π«≥®“°§«“¡™—π¢Õß°√“ø §à“ ∆Hvap ®“°‡Õ° “√

Õâ“ßÕ‘ß·≈–  ∆Hvap  
∑’Ë§”π«≥®“°§«“¡ —¡æ—π∏å¢Õß  ∆Hsol   °—∫  ∆Hvap 

 „π ¡°“√∑’Ë (15) [13]

2,6-dichlorostyrene -4176 34.7 53.0 52.3

Hexachlorobenzene -5569 46.3 72.3 73.7

p,p,-DDT -7642 63.5 106.0 105.6

m-terphenyl -7070 58.8 95.1 96.8

eicosane -7227 60.1 101.8 99.2

pentacosane -9049 75.2 126.9 127.3

2,2û,4,5û-tetrachlorobiphenyl (PCB 49) -6418 53.4 86.8

2,2û,3,5û,6-pentachlorobiphenyl (PCB 95) -6747 56.1 91.9

2,2û,4,4û,5,5û,-hexachlorobiphenyl  (PCB 153) -7494 62.3 103.4

2,2û,3,3û,4,4û,6-heptachlorobiphenyl (PCB 171) -7869 65.4 109.1

§«“¡™—π
¢Õß°√“ø
√Ÿª∑’Ë 2

∆Hsol

(correlation GC),
kJ/mol

∆Hvap 
(298.15 K), kJ/mol

§à“®“°
‡Õ° “√Õâ“ßÕ‘ß

§à“§”π«≥®“°
 ¡°“√ (15)

vap

 “√

vap

vap
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-∆Hsol ∑’Ë§”π«≥‰¥â°—∫§à“ ∆Hvap ¢Õß “√™π‘¥π—ÈπÊ ∑’ËÕÿ≥À¿Ÿ¡‘ 298.15 K (25 o´) ‡æ◊ËÕ„™â„π°“√∑”π“¬§à“ ∆Hvap

2. ∑ƒ…Æ’

®“° ¡°“√∑’Ë (10) ·≈–/À√◊Õ ¡°“√∑’Ë (1) ´÷Ëß· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“ lnk °—∫®”π«π§“√å∫Õπ (Z)

·≈– à«π°≈—∫¢ÕßÕÿ≥À¿Ÿ¡‘ (1/T) ®–‡ÀÁπ«à“§à“ lnk ¢÷ÈπÕ¬Ÿà°—∫ 2 ªí®®—¬ §◊Õ ®”π«π§“√å∫Õπ·≈–Õÿ≥À¿Ÿ¡‘ ¥—ßπ—Èπ

À“°æ‘®“√≥“∑’≈–ªí®®—¬®–‰¥â§«“¡ —¡æ—π∏å¥—ßπ’È

æ‘®“√≥“∑’Ë®”π«π§“√å∫Õπ (Z) §ß∑’Ë  ¡°“√ (1) ®–≈¥√Ÿª≈ß‡ªìπ‰ªµ“¡ ¡°“√ (16) ´÷Ëß‰¥â‡ªìπ ¡°“√¢Õß

vanût Hoff π—Ëπ‡Õß

(16)

‚¥¬∑’Ë aû §◊Õ ®ÿ¥µ—¥·°π y

bû §◊Õ §«“¡™—π¢Õß°√“ø

‡¡◊ËÕæ‘®“√≥“∑’ËÕÿ≥À¿Ÿ¡‘ (T) §ß∑’Ë  ¡°“√∑’Ë (1) ®–≈¥√Ÿª≈ß‡ªìπ‰ªµ“¡ ¡°“√∑’Ë (17) ´÷Ëß‡ªìπ‰ªµ“¡ ¡°“√

¢Õß James ·≈– Martin [18] ∑’Ë· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß logk °—∫®”π«π§“√å∫Õπ¢Õß “√„πÕπÿ°√¡‡¥’¬«°—π

´÷Ëß¡’§«“¡ —¡æ—π∏å‡ªìπ‡ âπµ√ß

(17)

‚¥¬∑’Ë aé §◊Õ ®ÿ¥µ—¥·°π y

bé §◊Õ §«“¡™—π¢Õß°√“ø

¥—ßπ—Èπ ¡°“√ (1) π’È πÕ°®“°®–π”‰ª„™â„π°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√À¡Ÿàøíß°å™—πµà“ßÊ ‰¥â·≈â« ¬—ß “¡“√∂

π”¡“„™â„π°“√À“§à“‡Õπ∑—≈ªï·≈–‡Õπ‚∑√ªï¢Õß°“√≈–≈“¬¢Õß “√„π GC ‰¥âÕ’°¥â«¬ Õ¬à“ß‰√°Áµ“¡ °“√À“§à“‡Õπ

‚∑√ªï¡—°‰¡àπ‘¬¡∑”°—π‡π◊ËÕß®“°¡’‡∑Õ¡¢Õß β ‡¢â“¡“‡°’Ë¬«¢âÕß ´÷Ëß§à“π’ÈÀ“§à“·¡àπ¬”‰¥â§àÕπ¢â“ß¬“°

Ink    =    a  +' b
T

'

a    =    a + bZ      =' ∆S
R

ZδS
R

− Inβ +

Ink    =    a  + b Z'' ''

a    =    a +''
∆So

R

c

T

∆Ho

RT
− Inβ −=

b    =    b +''
δS

R

δH

RT

d

T
−=

b    =    c + dZ      =    −         −'
∆Ho

R

ZδH

R
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3. «— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

3.1  “√µ—«Õ¬à“ß
 “√¡“µ√∞“ππÕ√å¡—≈Õ—≈‡§π ·≈– FAMEs ®“°∫√‘…—∑´‘°¡“‡§¡‘§Õ≈ ®”°—¥ (Sigma Chemicals,

St. Louis, USA)

3.2 §Õ≈—¡πå
„π°“√∑¥≈Õß„™â·§æ‘≈“√’§Õ≈—¡πå∫’æ’1 (BP1) ¢π“¥ 25 ¡. x 0.32 ¡¡. x 0.25 ‰¡‚§√‡¡µ√ ®“°∫√‘…—∑

SGE (Ringwood, Australia) ∑’Ë‡§≈◊Õ∫¥â«¬«—Ø¿“§π‘Ëß™π‘¥‰¡à¡’¢—È« (100% dimethylpolysiloxane)

3.3 ·°ä ‚§√¡“‚µ°√“øï
„™â‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“øï√ÿàπ Shimadzu 14A ¡’µ—«µ√«®«—¥·∫∫ flame ionization detector (FID)

µàÕæà«ß‡§√◊ËÕßª√–¡«≈º≈ CR-4A (∑—ÈßÀ¡¥®“°∫√‘…—∑™‘¡—∑´÷ ª√–‡∑»≠’ËªÿÉπ) °“√«‘‡§√“–Àå “√∑”‚¥¬„™â√–∫∫°“√

©’¥ “√·∫∫ split-splitless ‚¥¬¡’·°ä ‰π‚µ√‡®π‡ªìπ·°ä µ—«æ“∑’ËÕ—µ√“°“√‰À≈ 0.5-1.5 ¡‘≈≈‘‡¡µ√/π“∑’ Õÿ≥À¿Ÿ¡‘

¢Õß à«π©’¥ “√·≈–µ—«µ√«®«—¥ 250 ·≈– 270 o´ Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√∑¥≈Õß¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß “√

4. º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈

4.1 ‡ª√’¬∫‡∑’¬∫°“√À“§à“ -∆Hsol ®“° lnk ·≈–®“°§à“§ß∑’Ë c ·≈– d
°“√À“§à“ -∆Hsol ®“° lnk     ∑’Ë„™â°—π∑—Ë«‰ª‰¥â®“°°“√‡¢’¬π°√“ø vanût Hoff √–À«à“ß lnk °—∫ 1/T ‚¥¬

„™â¢âÕ¡Ÿ≈§à“‡«≈“§ß§â“ß¢Õß “√µ—«Õ¬à“ß·≈– “√‰¡à§ß§â“ß (tR ·≈– tM) ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ ·µà„πß“π«‘®—¬π’È®–π”

‡ πÕ«‘∏’°“√À“§à“ -∆Hsol ®“° lnk Õ’°√Ÿª·∫∫Àπ÷Ëß §◊ÕÀ“®“°§à“§ß∑’Ë c ·≈– d „π ¡°“√∑”π“¬‡Õ°≈—°…≥å “√

 ¡°“√∑’Ë (10)

µ“√“ß∑’Ë 2 ·≈– 3 · ¥ß§à“ lnk §à“§«“¡™—π ®ÿ¥µ—¥·°π ·≈–§à“§ß∑’Ë¢Õß ¡°“√∑’Ë (1) ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ

´÷Ëß·¬°∫π§Õ≈—¡πå∫’æ’1 ¢Õß “√πÕ√å¡—≈Õ—≈‡§π ·≈– FAMEs µ“¡≈”¥—∫
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µ“√“ß∑’Ë 2 §à“≈Õ°“√‘∑÷¡∏√√¡™“µ‘¢Õßµ—«ª√–°Õ∫§ß§â“ß (lnk) ¢ÕßπÕ√å¡—≈Õ—≈‡§π∑’Ë·¬°∫π§Õ≈—¡πå∫’æ’1

∑’ËÕÿ≥À¿Ÿ¡‘ 190 › 220 o´ ·≈–§à“§ß∑’Ë a, b, c ·≈– d ¢Õß ¡°“√∑’Ë (1)

µ“√“ß∑’Ë 3 §à“≈Õ°“√‘∑÷¡∏√√¡™“µ‘¢Õßµ—«ª√–°Õ∫§ß§â“ß (lnk) ¢Õß FAMEs ∑’Ë·¬°∫π§Õ≈—¡πå∫’æ’1

∑’ËÕÿ≥À¿Ÿ¡‘ 210 › 240 o´ ·≈–§à“§ß∑’Ë a, b, c ·≈– d ¢Õß ¡°“√∑’Ë (1)

16 0.304 0.140 -0.015 -0.162 -0.311 -0.456 -0.587 -14.367 6792.45 0.9999

17 0.677 0.503 0.339 0.183 0.025 -0.129 -0.268 -14.875 7200.37 0.9999
18 1.051 0.867 0.694 0.529 0.362 0.199 0.052 -15.393 7613.16 0.9999
19 1.425 1.232 1.050 0.874 0.699 0.528 0.373 -15.899 8021.00 0.9999
20 1.800 1.597 1.405 1.220 1.037 0.856 0.694 -16.420 8435.54 0.9999
21 2.173 1.961 1.760 1.566 1.373 1.184 1.013 -16.932 8845.54 0.9999
22 2.546 2.323 2.114 1.910 1.709 1.512 1.332 -17.435 9251.03 0.9999

Intercept -6.169 226.98

(aû) -5.677 -5.684 -5.695 -5.690 -5.701 -5.706 -5.707 (a) (c) 0.9619

Slope -0.512 410.30

(bû) 0.374 0.364 0.355 0.346 0.337 0.328 0.320 (b) (d) 0.9999

* 1/Tx10-3 (K-1); a, b, c ·≈– d §◊Õ §à“§ß∑’Ë¢Õß§Õ≈—¡πå„π ¡°“√∑’Ë (1)

Natural logarithm of retention factor (lnk)

190 o´ 195 o´ 200 o´ 205 o´ 210 o´ 215 o´ 220 o´

2.159* 2.136* 2.113* 2.091* 2.070* 2.049* 2.028*

Z
Intercept

(aééééé)

Slope

(bééééé)
R

2

16 0.710 0.546 0.385 0.226 0.077 -0.072 -0.218 -15.158 7665.69 1.0000
17 1.054 0.880 0.711 0.544 0.386 0.231 0.076 -15.657 8072.55 1.0000

18 1.395 1.213 1.036 0.861 0.695 0.531 0.369 -16.133 8467.29 1.0000

19 1.735 1.544 1.358 1.176 1.002 0.831 0.661 -16.609 8861.52 1.0000
20 2.072 1.874 1.680 1.489 1.307 1.128 0.952 -17.091 9257.41 1.0000

Intercept -7.458 1314.56
(aû) -4.738 -4.765 -4.791 -4.822 -4.844 -4.871 -4.898 (a) (c) 0.9996

Slope -0.482 397.24

(bû) 0.341 0.332 0.324 0.316 0.308 0.300 0.293 (b) (d) 1.0000

* 1/Tx10-3 (K-1); a, b, c ·≈– d §◊Õ §à“§ß∑’Ë¢Õß§Õ≈—¡πå„π ¡°“√∑’Ë (1)

Natural logarithm of retention factor (lnk)

210 o´ 215 o´ 220 o´ 225 o´ 230 o´ 235 o´ 240 o´

2.070* 2.049* 2.028* 2.007* 1.987* 1.968* 1.949*

Z
Intercept

(aééééé)

Slope

(bééééé)
R

2
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4.1.1 °“√À“§à“ -∆Hsol ®“°§à“ lnk ‚¥¬«‘∏’‡¢’¬π°√“ø vanût Hoff

®“°¢âÕ¡Ÿ≈§à“ lnk „πµ“√“ß∑’Ë 2 ·≈–µ“√“ß∑’Ë 3  “¡“√∂À“§à“ -∆Hsol ®“°°“√‡¢’¬π°√“ø

vanût Hoff (lnk °—∫ 1/T) ‚¥¬Õ“»—¬§«“¡ —¡æ—π∏å¢Õß ¡°“√ ‰¥â¥—ß√Ÿª∑’Ë

4 ´÷Ëß°√“ø·µà≈–‡ âπ¡’§à“§«“¡™—π¥—ß· ¥ß„π§Õ≈—¡πå∑’Ë 10 ¢Õßµ“√“ß∑’Ë 2 ·≈–µ“√“ß∑’Ë 3 ‚¥¬¡’§à“§«“¡‡™◊ËÕ¡—Ëπ

(R2) ‡∑à“°—∫ 0.9999 ·≈– 1.0000  ”À√—∫ “√πÕ√å¡—≈Õ—≈‡§π·≈– FAMEs µ“¡≈”¥—∫ ®“°§à“§«“¡™—π¥—ß°≈à“«´÷Ëß

¡’§à“‡∑à“°—∫ -∆Hsol/R ∑”„Àâ “¡“√∂§”π«≥§à“ -∆Hsol ‰¥â‚¥¬π”§à“§ß∑’Ë¢Õß·°ä  (R = 1.98588 cal/g-mol-K)

¡“§Ÿ≥ §à“∑’Ë§”π«≥‰¥â· ¥ß‰«â„π§Õ≈—¡πå∑’Ë 2 ·≈– 5 ¢Õßµ“√“ß∑’Ë 4

4.1.2 °“√À“§à“ -∆Hsol 
®“°§à“§ß∑’Ë c ·≈– d ¢Õß ¡°“√∑’Ë (10)

„πµ“√“ß∑’Ë 2 ·≈– 3 ‰¥â√“¬ß“π§à“§ß∑’Ë (a, b, c ·≈– d) ¢Õß§Õ≈—¡πå ”À√—∫ “√πÕ√å¡—≈Õ—≈‡§π

·≈– FAMEs ‰«â ´÷Ëß§à“§ß∑’Ë c ·≈– d ‡°’Ë¬«¢âÕß‚¥¬µ√ß°—∫§à“ -∆Hsol     
¥—ß· ¥ß„Àâ‡ÀÁπ„π ¡°“√∑’Ë (11) ¥—ßπ—Èπ®÷ß

 “¡“√∂§”π«≥§à“ -∆Hsol ¢Õß “√·µà≈–™π‘¥∑’Ë·¬°∫π§Õ≈—¡πå∫’æ’1 ‰¥â‚¥¬°“√·∑π§à“ R ·≈–®”π«π§“√å∫Õπ

Õ–µÕ¡‡¢â“‰ª„π ¡°“√∑’Ë (11) ¬°µ—«Õ¬à“ß‡™àπ  “√πÕ√å¡—≈Õ—≈‡§π∑’Ë¡’®”π«π§“√å∫Õπ‡∑à“°—∫ 16  “¡“√∂À“§à“

-∆Hsol ‰¥â‚¥¬°“√·∑π§à“ R ·≈–®”π«π§“√å∫Õπ≈ß„π ¡°“√∑’Ë (11) ‰¥â§à“¥—ß ¡°“√∑’Ë (18)

(18)

§à“ -∆Hsol ¢Õß “√πÕ√å¡—≈Õ—≈‡§π ·≈– FAMEs ™π‘¥Õ◊ËπÊ ∑’Ë§”π«≥‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 4

-∆Hsol    =   (226.98 × 1.98588) + (16 × 410.30 × 1.98588)    =    13.49 kcal/mol-K

-1.0
-0.5
0.0
0.5
1.0
1.5
2.0
2.5
3.0

0.002 0.00205 0.0021 0.00215 0.0022

1/T

ln
k

C16 C20C17

C21

C18 C19

C22

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

0.0019 0.00195 0.002 0.00205 0.0021

1/T

C16 C17 C18 C19 C20

ln
k

(°) (¢)

√Ÿª∑’Ë 4 §«“¡ —¡æ—π∏å√–À«à“ß lnk °—∫ 1/T (vanût Hoff plot) ∑’Ë·¬°∫π§Õ≈—¡πå∫’æ’1

(°)  “√πÕ√å¡—≈Õ—≈‡§π (C
16
-C

22
) „™âÕÿ≥À¿Ÿ¡‘§Õ≈—¡πå 190-220 o´ §à“§«“¡™—π¢Õß°√“ø·µà≈–‡ âπ

· ¥ß‰«â„π§Õ≈—¡πå∑’Ë 10 ¢Õßµ“√“ß∑’Ë 2

(¢) FAMEs (C
16
-C

20
) „™âÕÿ≥À¿Ÿ¡‘§Õ≈—¡πå 210-240 o´ §à“§«“¡™—π¢Õß°√“ø·µà≈–‡ âπ

· ¥ß‰«â„π§Õ≈—¡πå∑’Ë 10 ¢Õßµ“√“ß∑’Ë 3

Ink
∆Hsol

RT

∆Ssol

R
− Inβ= +−
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®“°µ“√“ß∑’Ë 4 ®–‡ÀÁπ«à“°“√§”π«≥§à“ -∆Hsol ®“°§à“§ß∑’Ë c ·≈– d „Àâ§à“„°≈â‡§’¬ß°—∫°“√§”π«≥®“°

°√“ø vanût Hoff ´÷Ëß‡ªìπ«‘∏’∑’Ë„™â°—π∑—Ë«‰ª πÕ°®“°π’È«‘∏’π’È¬—ß¡’¢âÕ‰¥â‡ª√’¬∫§◊Õ “¡“√∂∑”π“¬§à“ -∆Hsol ¢Õß “√

™π‘¥Õ◊ËπÊ „πÕπÿ°√¡‡¥’¬«°—π∑’Ë‰¡à‰¥â∑¥≈Õß¥â«¬ ‚¥¬°“√·∑π§à“®”π«π§“√å∫ÕπÕ–µÕ¡¢Õß “√‡¢â“‰ª„π ¡°“√∑’Ë (11)

´÷Ëß™à«¬„Àâª√–À¬—¥‡«≈“„π°“√‡µ√’¬¡·≈–«‘‡§√“–Àå “√ √«¡∂÷ßª√–À¬—¥§à“„™â®à“¬„π·ßà¢Õß§à“ “√¡“µ√∞“π´÷Ëß¡’

√“§“·æß

4.2 °“√π”À≈—°°“√¢Õß Chickos ·≈–§≥– [11] ¡“„™â„π°“√À“§à“ ∆Hvap

®“°°“√À“§à“ -∆Hsol ¢Õß “√®“°§à“§ß∑’Ë c ·≈– d ¥—ß∑’Ëπ”‡ πÕ¡“·≈â«¢â“ßµâπÀ“°π”¡“ —¡æ—π∏å

°—∫§à“ ∆Hvap 
∑’Ë‰¥â®“°‡Õ° “√Õâ“ßÕ‘ß‡æ◊ËÕπ”¡“„™â„π°“√À“§à“ ∆Hvap 

¢Õß “√µ“¡«‘∏’∑’Ë‡ πÕ‚¥¬ Chickos ·≈–§≥–

[11] πà“®–¡’§«“¡‡ªìπ‰ª‰¥â „π∑’Ëπ’È®÷ßπ”§à“ -∆Hsol ¢Õß “√πÕ√å¡—≈Õ—≈‡§π (C15-C20) ·≈– FAMEs (C12-C20) ∑’Ë

‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 4 °—∫§à“ ∆Hvap 
¢Õß “√πÕ√å¡—≈Õ—≈‡§π∑’Ë√“¬ß“π‰«â‚¥¬ Ruzicka ·≈– Mayer [19]  ·≈–

FAMEs ∑’Ë√“¬ß“π‰«â‚¥¬ Krop ·≈–§≥– [20] ‡æ◊ËÕÀ“§à“ ∆Hvap 
¢Õß “√πÕ√å¡—≈Õ—≈‡§π ·≈– FAMEs ™π‘¥Õ◊ËπÊ

∑’Ë‰¡à‰¥â∑¥≈Õß«à“¡’§à“·µ°µà“ß®“°‡Õ° “√Õâ“ßÕ‘ßÕ¬à“ß‰√ °√“ø§«“¡ —¡æ—π∏å∑’Ë‰¥â· ¥ß‰«â„π√Ÿª∑’Ë 5

µ“√“ß∑’Ë 4 §à“ -∆Hsol ¢Õß “√πÕ√å¡—≈Õ—≈‡§π∑’Ë‰¥â®“°°“√§”π«≥®“°§«“¡™—π¢Õß°√“ø lnk °—∫ 1/T

‡ª√’¬∫‡∑’¬∫°—∫§à“∑’ËÀ“‰¥â®“°§à“§ß∑’Ë c ·≈– d ¢Õß ¡°“√ (1)

8 _ 6.97 _ 8.92

9 _ 7.78 _ 9.71
10 _ 8.60 _ 10.50
11 _ 9.41 _ 11.29

12 _ 10.23 _ 12.08

13 _ 11.04 _ 12.87
14 _ 11.86 _ 13.65
15 _ 12.67 _ 14.44

16 13.49 13.49 0.01 15.22 15.23 -0.06

17 14.30 14.30 -0.02 16.03 16.02 0.06
18 15.12 15.12 0.01 16.82 16.81 0.03
19 15.93 15.93 -0.02 17.60 17.60 -0.01

20 16.75 16.75 0.03 18.38 18.39 -0.02

21 17.57 17.56 0.02 _ 19.18
22 18.37 18.38 -0.03 _ 19.97
23 _ 19.19 _ 20.75
24 _ 20.01 _ 21.54

25 _ 20.82 _ 22.33

*√âÕ¬≈–§«“¡µà“ß√–À«à“ß§à“∑’Ë§”π«≥‰¥â®“°§«“¡™—π¢Õß°√“ø°—∫§à“®“°§à“§ß∑’Ë c ·≈– d

Carbon

(z)
§”π«≥®“° slope §”π«≥®“° c, d ∆*

πÕ√å¡—≈Õ—≈‡§π

§”π«≥®“° slope §”π«≥®“° c, d ∆*

°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å

-∆Hsol  (kcal/mol-K)
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®“°°√“ø√Ÿª∑’Ë 5 ‰¥â§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß√–À«à“ß -∆Hsol 
·≈– ∆Hvap 

¢Õß “√πÕ√å¡—≈Õ—≈‡§π ( ¡°“√

(19)) ·≈– FAMEs ( ¡°“√ (20)) ∑’Ë§«“¡‡™◊ËÕ¡—Ëπ 0.9996 ·≈– 1.0000 µ“¡≈”¥—∫

(19)

(20)

®“°§à“ -∆Hsol ∑’Ë∑”π“¬‰«â„πµ“√“ß∑’Ë 4 π”¡“·∑π§à“„π ¡°“√ (19) ·≈– ¡°“√∑’Ë (20)  “¡“√∂§”π«≥

§à“ ∆Hvap ‰¥â¥—ß· ¥ß„πµ“√“ß∑’Ë 5

(°) (¢)
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√Ÿª∑’Ë 5  §«“¡ —¡æ—π∏å√–À«à“ß§à“ -∆Hsol (kcal/g-mol-K) ·≈– ∆Hvap 
(kcal/g-mol-K ∑’Ë 298.5 K)

(°)  “√πÕ√å¡—≈Õ—≈‡§π (C
15
-C

20
) ´÷Ëß§”π«≥®“°§à“§ß∑’Ë c ·≈– d ¢Õß ¡°“√ (10)

·≈–§à“∑’Ë√“¬ß“π‰«â‚¥¬ Ruzicka ·≈– Mayer [19]

(¢) °√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å (C
12
-C

20
) ´÷Ëß§”π«≥®“°§à“§ß∑’Ë c ·≈– d ¢Õß ¡°“√ (1)

·≈–§à“∑’Ë√“¬ß“π‰«â‚¥¬ Krop ·≈–§≥– [20]

∆Hvap (kcal/mol - K)    =    1.4257(−∆Hsol) + 0.2631

∆Hvap (kcal/mol - K)    =    1.4914(−∆Hsol) + 0.3297
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µ“√“ß∑’Ë 5 §à“ ∆Hvap ∑’Ë®“°°“√§”π«≥ ·≈–§à“∑’Ë‰¥â®“°‡Õ° “√Õâ“ßÕ‘ß¢ÕßπÕ√å¡—≈Õ—≈‡§π ·≈–

FAMEs √«¡∂÷ß√âÕ¬≈–§«“¡µà“ß√–À«à“ß§à“∑’Ë§”π«≥‰¥â®“° ¡°“√°—∫§à“∑’Ë√“¬ß“π‰«â

„π‡Õ° “√Õâ“ßÕ‘ß

a §◊Õ§à“ ∆Hvap 
(298.15 K) ´÷Ëß§”π«≥‚¥¬«‘∏’ group contribution method ´÷Ëß√“¬ß“π‰«â‚¥¬

Basarova ·≈– Svoboda [21]
 b §◊Õ§à“ ∆Hvap 

(298.15 K) ´÷Ëß§”π«≥®“°§à“§«“¡¥—π‰Õ∑’Ë√“¬ß“π‰«â‚¥¬ Stull [22]
c §◊Õ§à“ ∆Hvap  

(298.15 K) ´÷Ëß§”π«≥®“°§à“§«“¡¥—π‰Õ∑’Ë√“¬ß“π‰«â‚¥¬ Piacente ·≈–§≥– [23]
d §◊Õ§à“ ∆Hvap 

(298.15 K) ´÷Ëß§”π«≥®“°§à“§«“¡¥—π‰Õ∑’Ë√“¬ß“π‰«â‚¥¬ Piacente ·≈– Scardala [24]
e, f, g, h, i §◊Õ§à“ ECL ¢Õß°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å C18:1, C18:2, C18:3, C20:1 ·≈– C22:1 µ“¡≈”¥—∫

∑’Ë·¬°∫π§Õ≈—¡πå SE30 ´÷Ëß√“¬ß“π‰«â‚¥¬ Dorris ·≈–§≥– [25]

®“°µ“√“ß∑’Ë 5 ®–‡ÀÁπ‰¥â«à“ “¡“√∂∑”π“¬§à“ ∆Hvap ∑’Ë 298.15 K ¢Õß “√πÕ√å¡—≈Õ—≈‡§π ·≈– FAMEs

®“°§à“ -∆Hsol ∑’Ë∑”π“¬‰«â‚¥¬„™â§à“§ßµ—« c ·≈– d ¢Õß ¡°“√∑’Ë (1) ‰¥â ‚¥¬§à“ ∆Hvap ∑’Ë‰¥â®“°°“√∑”π“¬·≈–

®“°‡Õ° “√Õâ“ßÕ‘ß„Àâ§à“√âÕ¬≈–§«“¡·µ°µà“ß Ÿß ÿ¥‡∑à“°—∫√âÕ¬≈– 1.74  ”À√—∫ “√πÕ√å¡—≈Õ—≈‡§π (C21:0) ∑’Ë‡ªìπ

‡™àππ’ÈÕ“®‡π◊ËÕß®“°¢âÕ¡Ÿ≈§à“ ∆Hvap ∑’Ëπ”¡“„™â‡ª√’¬∫‡∑’¬∫¡“®“°µà“ß·À≈àß°—π  ”À√—∫ FAMEs  „Àâ§à“√âÕ¬≈–

§«“¡·µ°µà“ß Ÿß ÿ¥‡∑à“°—∫√âÕ¬≈– 2.56 (C18:3) ·≈–®–‡ÀÁπ«à“ FAMEs ™π‘¥‰¡àÕ‘Ë¡µ—«„π°≈ÿà¡ C18 
Õ◊Ëπ „Àâ§à“§«“¡

·µ°µà“ß Ÿß‡™àπ‡¥’¬«°—π ∑’Ë‡ªìπ‡™àππ’ÈÕ“®‡π◊ËÕß®“°¢âÕ¡Ÿ≈¢Õß§à“ ECL ∑’Ëπ”¡“„™â„π°“√§”π«≥§à“ -∆Hsol ‰¥â¡“

8 9.94 9.93 a 0.09 10 15.99 15.98 0.04
9 11.13 11.13 0.01 12 18.34 18.35 -0.03

10 12.32 12.28 0.36 14 20.69 20.69 0.02
11 13.52 13.52 -0.02 16 23.05 23.05 0.00

12 14.71 14.69 0.13 18 25.40 25.39 0.05
13 15.90 15.93 -0.18 17.72e 25.07 24.68 1.58

14 17.10 17.13 -0.18 17.64f 24.98 24.43 2.23
15 18.29 18.34 -0.31 17.69g 25.04 24.41 2.56

16 19.48 19.44 0.19 20 27.75 27.76 -0.03

17 20.67 20.66 0.06 19.71h 27.41 - -
18 21.87 21.83 0.16 22 30.11 30.14 -0.10
19 23.06 23.03 0.14 21.66i 29.71 29.66 0.16

20 24.25 24.31 -0.24

21 25.44 25.01     b 1.74
22 26.64 26.56 c 0.29
23 27.83 28.16     c -1.18
24 29.02 28.62 c 1.43

25 30.22 29.98d 0.80

z
 ¡°“√ (19) ‡Õ° “√Õâ“ßÕ‘ß

∆*
∆Hvap (298.15 K ) (kcal/mol-K)

 ¡°“√ (19) ‡Õ° “√Õâ“ßÕ‘ß
∆*

∆Hvap (298.15 K ) (kcal/mol-K)

πÕ√å¡—≈Õ—≈‡§π °√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å

ECL
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®“°§Õ≈—¡πå‰¡à¡’¢—È«∑’Ëµà“ß®“°§Õ≈—¡πå∫’æ’1 ´÷Ëß„™â„π°“√∑¥≈Õß∑”„Àâ°“√§”π«≥§à“¡’§«“¡§≈“¥‡§≈◊ËÕπ ¥—ßπ—Èπ°“√À“

§à“ ECL ¢Õß “√∫π§Õ≈—¡πå‰¡à¡’¢—È«„¥Ê ·≈–°“√‡≈◊Õ°π”¢âÕ¡Ÿ≈§à“ ∆Hvap ¡“„™â„π°“√Õâ“ßÕ‘ß®÷ß¡’§«“¡ ”§—≠‚¥¬

µâÕß‡≈◊Õ°®“°‡Õ° “√Õâ“ßÕ‘ß∑’Ë¡’§«“¡·¡àπ¬”·≈–‡™◊ËÕ∂◊Õ‰¥â

5.  √ÿªº≈°“√«‘®—¬

 ¡°“√ ”À√—∫„™â∑”π“¬‡Õ°≈—°…≥å “√ ( ¡°“√∑’Ë 1)  “¡“√∂π”¡“„™â„π°“√§”π«≥∑”π“¬§à“ -∆Hsol  ¢Õß

 “√πÕ√å¡—≈Õ—≈‡§π ·≈– FAMEs ∑’Ë«‘‡§√“–Àå¥â«¬§Õ≈—¡πå‰¡à¡’¢—È« ∫’æ’1 ‰¥âÕ¬à“ß·¡àπ¬”‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’°“√

‡¢’¬π°√“ø¢Õß vanût Hoff ‚¥¬√âÕ¬≈–§«“¡·µ°µà“ß√–À«à“ß§à“∑—Èß Õß¡’§à“√–À«à“ß ±0.03 ·≈– ±0.06  ”À√—∫

 “√πÕ√å¡—≈Õ—≈‡§π ·≈– FAMEs µ“¡≈”¥—∫ ·≈–®“°§à“  -∆Hsol  ∑’Ë§”π«≥‰¥â “¡“√∂π”‰ª„™â„π°“√À“§à“  ∆Hvap

∑’Ë 298.15 K ¢Õß “√‚¥¬«‘∏’ Correlation gas chromatography ‰¥â§àÕπ¢â“ß·¡àπ¬” ‚¥¬„Àâ§à“√âÕ¬≈–§«“¡·µ°

µà“ß Ÿß ÿ¥√–À«à“ß§à“∑’Ë§”π«≥‰¥â‡∑’¬∫°—∫§à“®“°‡Õ° “√Õâ“ßÕ‘ß ‡∑à“°—∫ 1.74 ·≈– 2.56  ”À√—∫ “√πÕ√å¡—≈Õ—≈‡§π

·≈–°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å µ“¡≈”¥—∫
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