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∫∑§—¥¬àÕ

1 π—°»÷°…“√–¥—∫∫—≥±‘µ»÷°…“  “¬«‘™“‡∑§‚π‚≈¬’™’«‡§¡’ §≥–∑√—æ¬“°√™’«¿“æ·≈–‡∑§‚π‚≈¬’
2 √Õß»“ µ√“®“√¬å   “¬«‘™“‡∑§‚π‚≈¬’™’«‡§¡’ §≥–∑√—æ¬“°√™’«¿“æ·≈–‡∑§‚π‚≈¬’

°√≥å°π° Õ“¬ÿ ÿ¢1  ¥“√“√—µπå ‡¬Áπ∑√«ß1  ·≈–  §≥‘µ °ƒ…≥—ß°Ÿ√2

¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ∫“ß¡¥ ∑ÿàß§√ÿ °√ÿß‡∑æœ 10140

§à“Õÿ≥À¿Ÿ¡‘‡∑’¬∫‡∑à“ (Teq) ‡ªìπÕÿ≥À¿Ÿ¡‘́ ÷Ëß∑”„Àâ “√∑’Ë«‘‡§√“–Àå„π ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë ·≈– ¿“«–‚ª√·°√¡

Õÿ≥À¿Ÿ¡‘ (TPGC) ¡’§à“‡«≈“§ß§â“ß‡∑à“°—π (t
R(iso)

) = t
R(TPGC)

) §à“ Teq ¡’ª√–‚¬™πå¡“°µàÕ°“√«‘‡§√“–Àå‡Õ°≈—°…≥å

 “√„π ¿“«–‚ª√·°√¡Õÿ≥À¿Ÿ¡‘®“°∞“π¢âÕ¡Ÿ≈„π ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë́ ÷Ëß¡’Õ¬Ÿà·≈â« (‡™àπ§à“¥—™π’§ß§â“ß¢Õß‚°·«° ǻ (I)

À√◊Õ§à“§«“¡¬“«§“√å∫Õπ‡∑’¬∫‡∑à“(ECL))  ¡°“√∑”π“¬‡Õ°≈—°…≥å “√„π·°ä ‚§√¡“‚µ°√“øï´÷Ëß‡ πÕ‚¥¬

Krisnangkura ·≈–§≥– ¥—ß ¡°“√ (1)  “¡“√∂π”¡“„™â„π°“√§”π«≥§à“ Teq ¢Õß°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å (FAMEs)

®“°πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’ (Brassica juncea) ∑’Ë«‘‡§√“–Àå¥â«¬§Õ≈—¡πå BPX-70 „π ¿“«–‚ª√·°√¡Õÿ≥À¿Ÿ¡‘

·∫∫ 1 ¢—Èπ 2 ¢—Èπ 3 ¢—Èπ ·≈– 4 ¢—Èπ ‰¥âÕ¬à“ß∂Ÿ°µâÕß

«‘∏’∑’Ë·¡àπ¬”„π°“√∑”π“¬§à“Õÿ≥À¿Ÿ¡‘‡∑’¬∫‡∑à“
¢ÕßÕÿ≥À¿Ÿ¡‘‚ª√·°√¡·°ä ‚§√¡“‚µ°√“øï

‡¡◊ËÕ a, b, c ·≈– d  §◊Õ§à“§ßµ—«∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å¢Õß§Õ≈—¡πå; T §◊ÕÕÿ≥À¿Ÿ¡‘‡∑’¬∫‡∑à“ (Teq) „πÀπà«¬‡§≈«‘π

(K); z §◊Õ®”π«π§“√å∫ÕπÕ–µÕ¡¢Õß “√À√◊Õ§à“§«“¡¬“«§“√å∫Õπ‡∑’¬∫‡∑à“ (equivalent chain length; ECL); t
R

·≈– t
M
 §◊Õ§à“‡«≈“§ß§â“ß¢Õß “√µ—«Õ¬à“ß ·≈–‡«≈“¢Õß “√‰¡à§ß§â“ß µ“¡≈”¥—∫

®“°°“√∑¥≈Õßæ∫«à“§à“ t
R
 ∑’Ë‰¥â®“° Teq (tR(Teq)

) ¡’§à“„°≈â‡§’¬ß°—∫ t
R
 ®“° TPGC (t

R(TPGC)
) ‚¥¬§«“¡

·µ°µà“ß Ÿß ÿ¥¢Õß t
R
 ®“°·µà≈–‚§√¡“‚µ·°√¡¡’§à“πâÕ¬°«à“ 0.5% „π¢≥–∑’Ë§à“ ECL ∑’Ë§”π«≥‰¥â®“°·µà≈–«‘∏’

‰¥â·°à ECL ∑’Ë‰¥â®“° ¿“«– TPGC (ECL(TPGC)), ECL ́ ÷Ëß§”π«≥‰¥â®“° ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë Teq (ECL(Teq)) ·≈–

ECL ∑’Ë ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë Teq ́ ÷ËßÀ“®“°«‘∏’‡¢’¬π°√“ø (ECL(G)) ¡’§à“„°≈â‡§’¬ß°—π ®÷ß∑”„Àâ¡—Ëπ„®‰¥â«à“°“√§”π«≥§à“

Teq ‚¥¬«‘∏’π’È¡’§«“¡∂Ÿ°µâÕß·≈–·¡àπ¬”æÕ∑’Ë®–π”‰ª„™â„π°“√«‘‡§√“–Àå‡Õ°≈—°…≥å¢Õß FAMEs √«¡∑—Èß “√Õ‘π∑√’¬å

∑—Ë«‰ª∑’Ë«‘‡§√“–Àå¥â«¬ TPGC ®“°∞“π¢âÕ¡Ÿ≈„π ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë‰¥â

§” ”§—≠ : §«“¡¬“«§“√å∫Õπ‡∑’¬∫‡∑à“ / Õÿ≥À¿Ÿ¡‘‡∑’¬∫‡∑à“ / °√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å / §à“¥—™π’§ß§â“ß /

 ·°ä ‚§√¡“‚µ°√“øï„π ¿“«–‚ª√·°√¡Õÿ≥À¿Ÿ¡‘

(1)In = a+ bz+ +
tR-tM

tM

c

T

dz
T
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Equivalent temperature (Teq)  is the temperature at which the isothermal retention time (t
R(iso)

) equal
to the temperature-programmed retention time (t

R(TPGC)
). The correct Teq is useful for the identification of

compounds analyzed with temperature-programmed gas chromatography (TPGC) by using isothermal database
(e.g. Kováts retention index (I) or equivalent chain length (ECL)).

The equation (1) proposed by Krisnangkura et al. can be used to calculate Teq of fatty acid methyl esters
(FAMEs) from Chinese mustard seed oil (Brassica juncea) analyzed on BPX-70 in one-, two-, three- and four steps
TPGC correctly.
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where a, b, c and d are thermodynamically related to column constants; T (K) is the Teq; z is the carbon number
or equivalent chain length (ECL); t

R
 and t

M
 are retention time of solute and gas hold-up time, respectively.

From these experimental results, all the t
R
 values obtained at the Teq (tR(Teq)) are very close to the

tR(TPGC) values. The highest difference for each chromatogram is less than 0.5 %. The ECL values calculated from
different methods; including ECL(TPGC), ECL(Teq) and the ECL from the graphical method at the Teq (ECL(G)), are
also in good agreement. Therefore, it can be proposed that the presented method is suitable for and can facilitate
in the gas chromatographic identification of FAMEs as well as other general organic compounds in the TPGC
from the database of ECL or Kováts retention index.
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1. ∫∑π”

°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√ (identification) ‚¥¬·°ä ‚§√¡“‚µ°√“øï (GC) ¡’À≈“¬«‘∏’ ·µà«‘∏’∑’Ëπ‘¬¡§◊Õ

°“√„™â§à“¥—™π’§ß§â“ß¢Õß‚°·«°´å (retention index; I)  ”À√—∫ “√Õ‘π∑√’¬å∑—Ë«‰ª [1] ·≈–§à“§«“¡¬“«§“√å∫Õπ‡∑’¬∫‡∑à“

(equivalent chain length; ECL)  ”À√—∫«‘‡§√“–Àå°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å (fatty acid methyl ester; FAMEs)

[2][3] ´÷Ëß Kittiratanapaiboon ·≈–§≥– [4] · ¥ß„Àâ‡ÀÁπ«à“∑—Èß§à“  I ·≈– ECL ¡’§«“¡ —¡æ—π∏å°—π§◊Õ “¡“√∂

§”π«≥§à“ I ¢Õß FAMEs ‰¥â®“°§à“ ECL À√◊Õ„π∑“ß°≈—∫°—π§à“ ECL °Á “¡“√∂§”π«≥‰¥â®“°§à“ I Õ¬à“ß‰√°Áµ“¡

∑—Èß I ·≈– ECL ¡’§à“‡ª≈’Ë¬π·ª≈ßµ“¡Õÿ≥À¿Ÿ¡‘ °“√„™â§à“∑—Èß Õßπ’È„π°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√®÷ß®”°—¥Õ¬Ÿà∑’Ë°“√

„™â„π ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë (isothermal GC; IGC) ‡ªìπ à«π„À≠à „π¢≥–∑’Ëªí®®ÿ∫—ππ’Èª√–¡“≥√âÕ¬≈– 75 ¢Õß°“√

«‘‡§√“–Àå “√¥â«¬ GC ®–„™â ¿“«–‚ª√·°√¡Õÿ≥À¿Ÿ¡‘ (temperature program GC; TPGC) ‡π◊ËÕß®“° “¡“√∂

·¬° “√∑’Ë¡’Õß§åª√–°Õ∫´—∫´âÕπÕÕ°®“°°—π‰¥â ¡∫Ÿ√≥å ¡’§«“¡ –¥«° √«¥‡√Á«  √«¡∑—Èßº≈„π‚§√¡“‚µ·°√¡· ¥ß

«à“ “√µà“ßÊ ·¬°®“°°—π‰¥â¥’·≈–¡’§«“¡∫√‘ ÿ∑∏‘Ï ¥—ßπ—Èπ®÷ß¡’§«“¡æ¬“¬“¡®–À“§à“ I ¢Õß “√∑’Ë«‘‡§√“–Àå„π ¿“«–

TPGC (ITP) °—π¡“°¡“¬ [5]-[8] ·µà ¡°“√∑’Ë∂Ÿ°π”¡“„™â¡“°‰¥â·°à  ¡°“√¢Õß Van den Dool ·≈– Kratz [5]  ·≈–

 ¡°“√¢Õß Halang ·≈–§≥– [7]

 ¡°“√ (2) ‡ªìπ ¡°“√¢Õß Van den Dool ·≈– Kratz [5] À“§à“ I „π ¿“«– TPGC ·µà„™â‰¥â‡©æ“–„π

TPGC ·∫∫¢—Èπ‡¥’¬«∑’Ë‰¡à¡’™à«ßÕÿ≥À¿Ÿ¡‘§ß∑’Ë (linear TPGC; LTPGC) ‡∑à“π—Èπ

‡¡◊ËÕ T
R
  (retention temperature) §◊ÕÕÿ≥À¿Ÿ¡‘∑’Ë “√∂Ÿ°™–ÕÕ°®“°§Õ≈—¡πå  —≠≈—°…≥å x, z ·≈– z+1 À¡“¬∂÷ß

 “√µ—«Õ¬à“ß ·≈– “√Õâ“ßÕ‘ßπÕ√å¡—≈Õ—≈‡§π∑’Ë¡’®”π«π§“√å∫Õπ®”π«π z ·≈– z+1 µ“¡≈”¥—∫

 ”À√—∫ ¡°“√∑’Ë‡ πÕ‚¥¬ Halang ·≈–§≥– [7]  “¡“√∂∑”π“¬§à“ ITP ‰¥â∑—Èß„π ¿“«– LTPGC ·≈–

TPGC ∑’Ë¡’™à«ßÕÿ≥À¿Ÿ¡‘§ß∑’Ë (non-linear TPGC) ·µà‡π◊ËÕß®“°§à“ ITP ¢Õß “√‰¡à‰¥â¢÷ÈπÕ¬Ÿà°—∫ ¡∫—µ‘¢Õß«—Ø¿“§π‘Ëß

‡æ’¬ßÕ¬à“ß‡¥’¬«‡À¡◊Õπ°“√«‘‡§√“–Àå¿“¬„µâ ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë (IGC) ·µà¬—ß‡°’Ë¬«¢âÕß°—∫ ¿“«–¢Õß TPGC ‡™àπ

Õÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ ‚ª√·°√¡Õÿ≥À¿Ÿ¡‘∑’Ë„™âß“π √Ÿª·∫∫¢Õß§Õ≈—¡πå (column geometry) Õ—µ√“°“√‰À≈¢Õß·°ä µ—«æ“

À√◊Õ°“√‡ª≈’Ë¬π·ª≈ß ¿“«–∑’Ë‡°‘¥¢÷Èπ„π√–À«à“ß°“√∑” TPGC ¥â«¬ ‚¥¬‡©æ“–Õ¬à“ß¬‘ËßÕ—µ√“°“√‚ª√·°√¡Õÿ≥À¿Ÿ¡‘

‡ªìπªí®®—¬À≈—°∑’Ë¡’º≈µàÕ§«“¡§≈“¥‡§≈◊ËÕπ¢Õß§à“ I [9] ¥—ßπ—Èπ°“√∑”´È”¢Õß¢âÕ¡Ÿ≈ (reproducibility) ‚¥¬§«∫§ÿ¡

µ—«·ª√µà“ßÊ ‡À≈à“π’È„Àâ§ß∑’Ë®÷ß∑”‰¥â¬“° ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß§à“ ITP ∑’Ë«‘‡§√“–Àåµà“ßÀπà«¬ªØ‘∫—µ‘°“√°—π‰¡à “¡“√∂

π”¡“‡ª√’¬∫‡∑’¬∫°—π‰¥â ®÷ß‰¡à –¥«°∑’Ë®–«‘‡§√“–Àå‡Õ°≈—°…≥å “√¥â«¬«‘∏’π’È‡π◊ËÕß®“°‰¡à¡’¢âÕ¡Ÿ≈¡“µ√∞“π¢Õß ITP

¥—ßπ—Èπ®÷ß¡’§«“¡æ¬“¬“¡®–À“§«“¡ —¡æ—π∏å√–À«à“ß§à“ ITP °—∫§à“ I ∑’Ë«‘‡§√“–Àå¿“¬„µâ IGC (Iiso) ‡æ◊ËÕ

π”¢âÕ¡Ÿ≈ Iiso ́ ÷Ëß‡ªìπ§à“∑’Ë‰¥â√—∫°“√¬Õ¡√—∫·≈–¡’√«∫√«¡‡ªìπ∞“π¢âÕ¡Ÿ≈‰«â·≈â«¡“„™â„π°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√„π

TPGC ‚¥¬¡’ß“π«‘®—¬¡“°¡“¬ [10]-[13] ∑’Ëæ¬“¬“¡À“§à“Õÿ≥À¿Ÿ¡‘‡∑’¬∫‡∑à“ (equivalent temperature; Teq) ´÷Ëß

(2)ITP =  100z + 100
TR,X

-TR,z

TR,z+1
-TR,z
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‡ªìπÕÿ≥À¿Ÿ¡‘§ß§â“ß (TR)  ∑’Ë‰¥â®“°°“√§”π«≥∑’Ë∑”„Àâ “√∑’Ë«‘‡§√“–Àå®“°∑—Èß Õß ¿“«–∂Ÿ°™–ÕÕ°®“°§Õ≈—¡πåæ√âÕ¡°—π

π—Ëπ§◊Õ ITP  = Iiso(Teq)  À√◊Õ t
R,TP

 = t
R,iso

(Teq) ‡™àπ Guiochon [10] ‡ πÕ«à“§à“ Teq = TR -20  Ì´ Gidding [11]

‡ πÕ§à“ Teq = 0.92TR  ‡ªìπµâπ Õ¬à“ß‰√°Áµ“¡§à“ Teq ∑’Ë‰¥â®“°·µà≈–«‘∏’‰¡à¡’§«“¡·¡àπ¬”æÕ∑’Ë®–π”¡“„™â„π°“√

‡∑’¬∫§à“ ITP ®“° Iiso ‰¥â ‚¥¬ Sun ·≈–§≥– [14] ‰¥â √ÿª‰«â«à“°“√π”§à“ Teq ¡“„™â„π°“√À“§à“ ITP ®–„Àâ§«“¡∂Ÿ°

µâÕßπâÕ¬°«à“«‘∏’¢Õß Curvers ·≈–§≥– [15] ·≈– Guan ·≈–§≥– [16] ‡™àπ‡¥’¬«°—∫ García  Domínguez ·≈–

Santiuste [17] ∑’Ë‡ª√’¬∫‡∑’¬∫«‘∏’§”π«≥§à“ ITP ¥â«¬«‘∏’°“√µà“ßÊ ·≈– √ÿª«à“°“√À“§à“Õÿ≥À¿Ÿ¡‘§ß§â“ßµ“¡ ¡°“√

¢Õß Curvers ·≈–§≥– [15] ¥—ß· ¥ß„π ¡°“√∑’Ë (3) „Àâ§«“¡·¡àπ¬”„π°“√∑”π“¬§à“ ITP ¡“°∑’Ë ÿ¥

‡¡◊ËÕ r §◊ÕÕ—µ√“°“√‚ª√·°√¡Õÿ≥À¿Ÿ¡‘; Ti ·≈– TR §◊ÕÕÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ ·≈–Õÿ≥À¿Ÿ¡‘§ß§â“ßµ“¡≈”¥—∫; T §◊Õ§à“Õÿ≥À¿Ÿ¡‘

 —¡∫Ÿ√≥å; tM §◊Õ§à“‡«≈“¢Õß “√‰¡à§ß§â“ß; α = exp(∆S/R) ; β §◊Õ Õ—µ√“ à«π√–À«à“ßª√‘¡“µ√¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë

µàÕª√‘¡“µ√¢Õß«—Ø¿“§π‘Ëß (phase ratio) ¢Õß§Õ≈—¡πå; ∆S ·≈– ∆H §◊Õ§à“‡Õπ‚∑√ªï ·≈–‡Õπ∑—≈ªï¢Õß°“√≈–≈“¬  µ“¡

≈”¥—∫

Gonzalez ·≈– Nardillo [18]  √ÿª‰«â«à“§à“ ITP  ‰¡à‰¥â¢÷ÈπÕ¬Ÿà°—∫µ—«·ª√∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å‡æ’¬ßÕ¬à“ß

‡¥’¬«‡∑à“π—Èπ ·µà¬—ß¢÷ÈπÕ¬Ÿà°—∫°“√‡§≈◊ËÕπ∑’Ë¢Õß¢Õß‡À≈« (fluid dynamic) √«¡∑—Èß°√–∫«π°“√™– (elution process)

¥â«¬ ¥—ßπ—Èπ®÷ß‰¡à “¡“√∂π‘¬“¡§«“¡À¡“¬¢Õß ITP ‰¥â‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å‡æ’¬ßÕ¬à“ß‡¥’¬«

‡À¡◊Õπ„π ¿“«– IGC ´÷ËßÕ“®‡ªìπ‡Àµÿº≈∑’Ë«à“∑”‰¡®÷ß‰¡à “¡“√∂‡ª√’¬∫‡∑’¬∫§à“ ITP  °—∫ Iiso ‰¥â

Õ¬à“ß‰√°Áµ“¡ À“°¡’«‘∏’„π°“√À“§à“ Teq ‰¥â∂Ÿ°µâÕß·¡àπ¬”·≈â«°“√π”¢âÕ¡Ÿ≈¢Õß Iiso √«¡∂÷ß§à“ ECL(iso)

¡“„™â„π°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√Õ‘π∑√’¬å ·≈– FAMEs „π ¿“«– TPGC °Á¡’§«“¡‡ªìπ‰ª‰¥â

„πß“π«‘®—¬π’È®÷ßπ”‡ πÕ«‘∏’°“√∑’Ë·¡àπ¬” ‚¥¬Õ“»—¬ ¡°“√∑’Ë„™â„π°“√∑”π“¬°“√‡§≈◊ËÕπ∑’Ë¢Õß “√„π GC ́ ÷Ëß

‡ πÕ‚¥¬ Krisnangkura ·≈–§≥– [19] ¡“„™â„π°“√§”π«≥§à“ Teq ¢Õß FAMEs ®“°πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’

∑’Ë«‘‡§√“–Àå„π ¿“«– TPGC

2. ∑ƒ…Æ’

Krisnangkura ·≈–§≥– [19] ‰¥â‡ πÕ ¡°“√´÷Ëß· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“‡«≈“§ß§â“ß ®”π«π§“√å∫Õπ

Õÿ≥À¿Ÿ¡‘ ·≈–§ÿ≥ ¡∫—µ‘∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å¢Õß “√„π GC ¡“„™â„π°“√∑”π“¬‡Õ°≈—°…≥å “√„π ¿“«–Õÿ≥À¿Ÿ¡‘

§ß∑’Ë¥—ß ¡°“√ (1)

(3)

(1)

TR

tM

Tir
1+ exp

=

∫dT

α
β

∆H
RT

In = a+ bz+ +
tR-tM

tM

c

T

dz
T
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‡¡◊ËÕ T   §◊ÕÕÿ≥À¿Ÿ¡‘ (K) t
R
 §◊Õ§à“‡«≈“§ß§â“ß¢Õß “√µ—«Õ¬à“ß t

M
 §◊Õ§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß z §◊Õ

®”π«π§“√å∫ÕπÕ–µÕ¡¢Õß “√  a, b, c ·≈– d §◊Õ§à“§ß∑’Ë∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å¢Õß ¡°“√

β §◊Õ phase ratio ¢Õß§Õ≈—¡πå; ∆S 
0 ·≈– ∆H 

0 §◊Õ‡Õπ‚∑√ªï ·≈–‡Õπ∑—≈ªï¡“µ√∞“π¢Õß°“√≈–≈“¬; δS ·≈– δH

§◊Õ§à“‡Õπ‚∑√ªï ·≈–‡Õπ∑—≈ªï∑’Ë‡ª≈’Ë¬π·ª≈ß‰ªµàÕÀπ÷ËßÀπà«¬‡¡∑‘≈’π µ“¡≈”¥—∫; R §◊Õ§à“§ß∑’Ë¢Õß·°ä 

µàÕ¡“ Kittiratanapiboon ·≈–§≥– [20] π” ¡°“√ (1) ¡“„™â√à«¡°—∫«‘∏’°“√·∫àß§Õ≈—¡πå‡ªìπ à«πÊ ‡æ◊ËÕ

„™â„π°“√∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√„π ¿“«– TPGC ¢Õß Cavalli ·≈– Guinchard [21] ‰¥â ¡°“√´÷Ëß„™â„π

°“√∑”π“¬°“√‡§≈◊ËÕπ∑’Ë¢Õß “√„π ¿“«– TPGC ¥—ß ¡°“√∑’Ë (4)

‡¡◊ËÕ g  §◊Õ§à“ t
M
 ∑’Ë‡ª≈’Ë¬π·ª≈ß‰ªµàÕÀπà«¬Õÿ≥À¿Ÿ¡‘; m §◊Õ®”π«π°“√·∫àß§Õ≈—¡πåÕÕ°‡ªìπ à«π Ê; θi §◊ÕÕÿ≥À¿Ÿ¡‘∑’Ë à«π

i ¢Õß§Õ≈—¡πå;  T
i
 §◊ÕÕÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ¢Õß§Õ≈—¡πå

´÷Ëß ¡°“√ (4)  “¡“√∂§”π«≥¥â«¬‚ª√·°√¡ Qbasic ¥—ßÕ∏‘∫“¬‰«â‚¥¬ Lomsugarit ·≈–§≥– [22]

3. «— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

3.1  “√µ—«Õ¬à“ß

 “√µ—«Õ¬à“ß‰¥â·°à°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å¡“µ√∞“π (C16:0 ∂÷ß C22:0) ®“°∫√‘…—∑´‘°¡“‡§¡‘§Õ≈ (‡´πÀ≈ÿ¬ å

 À√—∞Õ‡¡√‘°“) ‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’́ ◊ÈÕ®“°√â“π¢“¬‡¡≈Á¥æ—π∏ÿå §Õ≈—¡πå BPX-70 (¢π“¥ 30 ‡¡µ√ x ‡ âπºà“π»Ÿπ¬å°≈“ß

0.25 ¡¡.)  ‡§≈◊Õ∫¥â«¬ 70% cyanopropyl polysiloxane Àπ“ 0.25 ‰¡‚§√‡¡µ√ ®“°∫√‘…—∑‡Õ ®’Õ’ (ÕÕ ‡µ√‡≈’¬)

3.2 ·°ä ‚§√¡“‚µ°√“øï

„™â‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“øï√ÿàπ Shimadzu 14A ¡’µ—«µ√«®«—¥·∫∫‡ø≈¡‰ÕÕÕ‰π‡´™—πµàÕæà«ß°—∫‡§√◊ËÕß

ª√–¡«≈º≈ C-R-4A (∑—ÈßÀ¡¥¢Õß∫√‘…—∑™‘¡—¥´÷ ª√–‡∑»≠’ËªÿÉπ) °“√·¬°«‘‡§√“–Àå “√∑”‚¥¬§Õ≈—¡πå·∫∫·§æ‘≈≈“√’

·≈– à«π©’¥ “√ (injector) ·∫∫ split-splitless Õ—µ√“°“√‰À≈¢Õß·°ä ‰π‚µ√‡®π (·°ä µ—«æ“) 0.7-1.5 ¡‘≈≈‘≈‘µ√/

π“∑’ Õÿ≥À¿Ÿ¡‘¢Õß à«π©’¥ ·≈– µ—«µ√«®«—¥ (detector) 230 Ì´  ¿“«–∑’Ë„™â„π TPGC · ¥ß‰«â„πµ“√“ß∑’Ë 1

(4)

a = ∆S 0

R
b = δS

R
c = ∆H 0

R
d = −δH 0

R
‚¥¬

tR
tM

= Σ l+e
(a+bz+ +c

i=1 m

m 1+g(θi-Ti) θi

dz
θi

)



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 26 ©∫—∫∑’Ë 4 µÿ≈“§¡-∏—π«“§¡ 2546434

3.3 °“√‡µ√’¬¡°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å¢ÕßπÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’

π”µ—«Õ¬à“ß¡“·¬°‡Õ“‡ª≈◊Õ°Àÿâ¡‡¡≈Á¥ÕÕ° ∫¥„Àâ≈–‡Õ’¬¥ ®“°π—Èππ”‰ªÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 105 Ì´ §â“ß§◊π

(18-24 ™—Ë«‚¡ß) ·≈–∑‘Èß„Àâ‡¬Áπ„π‚∂¥Ÿ¥§«“¡™◊Èπ (desiccator) ™—Ëßµ—«Õ¬à“ß∑’ËÕ∫·Àâß·≈â«ª√–¡“≥ 10-20 ¡‘≈≈‘°√—¡

®“°π—Èπ∑”„ÀâÕ¬Ÿà„π√Ÿª‡¡∑‘≈‡Õ ‡∑Õ√åµ“¡«‘∏’¢Õß Harrington ·≈– Evans [23]

3.4 °“√À“§à“§ßµ—« a, b, c ·≈– d
§à“§ßµ—«∑—Èß 4 (a, b, c ·≈– d) À“µ“¡«‘∏’¢Õß Krisnangkura ·≈–§≥– [19] ‚¥¬°“√©’¥ “√¡“µ√∞“π

FAMEs ∑’ËÕÿ≥À¿Ÿ¡‘§ß∑’Ë 160-200 Ì´ Àà“ß°—π™à«ß≈– 5 Ì´ ‰¥â ¡°“√ ”À√—∫∑”π“¬‡Õ°≈—°…≥å “√ FAMEs ∫π§Õ≈—¡πå

BPX-70 §◊Õ

µ“√“ß∑’Ë 1  ¿“«–‚ª√·°√¡Õÿ≥À¿Ÿ¡‘ (TPGC) ¢Õß FAMEs ®“°πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’∑’Ë„™â„π°“√∑¥≈Õß∫π§Õ≈—¡πå
BPX-70 (30 ¡. x 0.25 ¡¡.) Õÿ≥À¿Ÿ¡‘¢Õß à«π©’¥ ·≈– à«πµ√«®«—¥ 230 Ì´

3.5 °“√§”π«≥§à“§«“¡¬“«§“√å∫Õπ‡∑’¬∫‡∑à“ (ECL) „π ¿“«–‚ª√·°√¡Õÿ≥À¿Ÿ¡‘

©’¥ “√µ—«Õ¬à“ß FAMEs ®“°πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’ „π ¿“«– TPGC ∑’ËÕÿ≥À¿Ÿ¡‘ 160 Ì́  ∂÷ß 220 Ì́

¥â«¬‚ª√·°√¡Õÿ≥À¿Ÿ¡‘·∫∫µà“ßÊ ¥—ß· ¥ß„πµ“√“ß∑’Ë 1 ·≈â«§”π«≥§à“ z À√◊Õ ECL ¢Õß°√¥‰¢¡—π∑’Ë‡ªìπÕß§åª√–°Õ∫

‚¥¬„™â ¡°“√ (6)

(5)
tR-tM(Teq) 2272.36

tM(Teq) Teq

356.09z(Teq)

Teq

In = -9.839 -0.487z(Teq)
+ +

√Ÿª·∫∫

A (1 ¢—Èπ)

B (2 ¢—Èπ)

C (3 ¢—Èπ)

D (4 ¢—Èπ)

¢—Èπ

1

1

2

1

2

3

1

2

3

4

Initial hold Time

(π“∑’)

2

2

1

2

1

1

2

1

1

1

Õÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ

( Ì´)

160

160

190

160

180

200

160

170

180

190

Õÿ≥À¿Ÿ¡‘ ÿ¥∑â“¬

( Ì´)

220

190

220

180

200

220

170

180

190

220

‚ª√·°√¡

( Ì´/π“∑’)

2

2

4

2

4

6

2

3

4

5
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3.6 °“√§”π«≥§à“Õÿ≥À¿Ÿ¡‘‡∑’¬∫‡∑à“ (Teq)

π”¢âÕ¡Ÿ≈§à“ tR, tM ·≈–§à“ ECL ∑’Ë§”π«≥‰¥â®“° ¡°“√ (6) ¢Õß FAMEs ®“°πÈ”¡—π‡¡≈Á¥º—°°“¥

‡¢’¬«ª≈’ „π ¿“«– TPGC ¡“·∑π§à“°≈—∫≈ß‰ª„π ¡°“√ (5)

3.7 °“√æ‘ Ÿ®πå§«“¡∂Ÿ°µâÕß¢Õß§à“ Teq ∑’Ë§”π«≥‰¥â

µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß§à“ Teq ∑’Ë§”π«≥‰¥â®“° ¡°“√ (5) ‚¥¬°“√©’¥ “√µ—«Õ¬à“ß FAMEs ®“°

πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’„π ¿“«– IGC ∑’ËÕÿ≥À¿Ÿ¡‘ Teq ‚¥¬°“√ª√—∫§à“ tM µ“¡ ¡°“√ (7)

(6)

‡¡◊ËÕ Ti §◊ÕÕÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ¢Õß§Õ≈—¡πå (160 Ì´); g §◊Õ§à“  tM ∑’Ë‡ª≈’Ë¬π·ª≈ß‰ªµàÕÀπà«¬Õÿ≥À¿Ÿ¡‘ (0.0015 π“∑’/ Ì´)

§”π«≥§à“ ECL ¢Õß FAMEs ∑’Ë‰¥â®“° ¿“«– IGC ∑’ËÕÿ≥À¿Ÿ¡‘ Teq ‚¥¬«‘∏’‡¢’¬π°√“ø (graphical

method) µ“¡«‘∏’¢Õß Woodford ·≈– van Gent [2] À√◊Õ Miva ·≈–§≥– [3] ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’°“√§”π«≥

µ“¡ ¡°“√ (8)

(7)

‡¡◊ËÕ ECL(Ti) §◊Õ§à“ ECL ‡√‘Ë¡µâπ¢Õß°“√∑”‚ª√·°√¡Õÿ≥À¿Ÿ¡‘ (160 Ì´)           §◊Õ§à“ ECL ∑’Ë‡ª≈’Ë¬π‰ªµàÕ

Àπà«¬Õÿ≥À¿Ÿ¡‘ ´÷Ëß§à“∑—Èß Õßπ’È· ¥ß‰«â„πµ“√“ß∑’Ë 2

(8)

∆ECL
∆T

tM(Teq) tM(Ti)= + g x (Teq-Ti)

∆ECL
∆T

ECL(Teq) ECL(Ti)= x+ (Teq-Ti)

tR

tM
= Σ l+e

(-9.839 -0.487z +

i=1 m

m 1+g(θi-Ti)
2272.36

θi
+

356.09z

θi
(

µ“√“ß∑’Ë 2  · ¥ß§à“ ECL ¢Õß FAMEs ‰¡àÕ‘Ë¡µ—«®“°πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’∑’ËÕÿ≥À¿Ÿ¡‘ 160 Ì´ ·≈– 180 Ì´

√«¡∑—Èß§à“ ECL ∑’Ë‡ª≈’Ë¬π‰ªµàÕÀπà«¬Õÿ≥À¿Ÿ¡‘ ∆ECL
∆T

C18:1

C18:2

C18:3

C20:1

C20:2

C22:1

C24:1

18.33

18.92

19.64

20.30

20.89

22.27

24.21

18.40

19.04

19.80

20.38

21.01

22.35

24.29

FAMEs ECL(160)(160)(160)(160)(160) ECL(180)(180)(180)(180)(180)

0.0036

0.0060

0.0081

0.0039

0.0056

0.0041

0.0040

∆ECL
∆T
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4. º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈

4.1 °“√∑”π“¬§à“ ECL ¢Õß FAMEs ®“°πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’ „π ¿“«– TPGC

√Ÿª∑’Ë 1 · ¥ß‚§√¡“‚µ·°√¡¢Õß FAMEs ®“°πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’ ∑’Ë‚ª√·°√¡Õÿ≥À¿Ÿ¡‘ ·∫∫

A, B, C ·≈– D µ“¡ ¿“«–∑’Ë°”Àπ¥‰«â„πµ“√“ß∑’Ë 1 æ’§·√°§◊Õæ’§¢Õß‡Œ°‡´π´÷Ëß„π§Õ≈—¡πå∑’Ë‚æ≈“√å¡“° ·≈–

Õÿ≥À¿Ÿ¡‘ Ÿß‡Œ°‡´π‡°◊Õ∫®–‰¡à§ß§â“ß ¥—ßπ—Èπ‡«≈“§ß§â“ß¢Õß‡Œ°‡´π ®÷ß„™â‡ªìπ§à“ tM ‰¥â µ—«‡≈¢‡Àπ◊Õæ’§µà“ßÊ §◊Õ§à“

tR ¢Õß°√¥‰¢¡—π·µà≈–™π‘¥∑’Ë‡ªìπÕß§åª√–°Õ∫

π”§à“ tM ·≈– tR ®“°·µà≈–‚§√¡“‚µ·°√¡·∑π§à“≈ß„π ¡°“√∑’Ë (6) ∑”„Àâ§”π«≥§à“ ECL ¢Õß

FAMEs ∑’Ë ¿“«– TPGC (ECL(TPGC)) ‰¥â ¥—ß· ¥ßº≈‰«â„πµ“√“ß∑’Ë 3 ´÷Ëß„π∑’Ëπ’È®–· ¥ßº≈‡©æ“–§à“ ECL ¢Õß

FAMEs ™π‘¥‰¡àÕ‘Ë¡µ—«‡∑à“π—Èπ ‡π◊ËÕß®“°§à“ ECL ¢Õß FAMEs ™π‘¥Õ‘Ë¡µ—«‡ªìπµ—«‡≈¢®”π«π‡µÁ¡ ·≈–‰¡à‡ª≈’Ë¬π§à“

µ“¡Õÿ≥À¿Ÿ¡‘®÷ß‰¡à®”‡ªìπµâÕß· ¥ß¢âÕ¡Ÿ≈‰«â ‚¥¬®“°°“√§”π«≥§à“ ECL ∑”„Àâ∑√“∫«à“πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’

¡’°√¥‰¢¡—π C16:0, C18:0, C18:1, C18:2, C18:3, C20:0, C20:1, C20:2, C22:1 ·≈– C24:1 ‡ªìπÕß§åª√–°Õ∫

4.2 °“√§”π«≥§à“ Teq ¢Õß FAMEs ®“°πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’

π”§à“ ECL ∑’Ë§”π«≥‰¥â®“°¢âÕ 1 æ√âÕ¡°—∫§à“ tR ·≈– tM ·∑π§à“≈ß„π ¡°“√∑’Ë (5) ‡æ◊ËÕ§”π«≥§à“

Teq ¢Õß FAMEs ·µà≈–™π‘¥ µ—«Õ¬à“ß‡™àπ∑’Ë‚ª√·°√¡Õÿ≥À¿Ÿ¡‘ A FAME 18:1 (n-9) §”π«≥§à“ ECL ‰¥â‡∑à“°—∫

18.36 ·∑π§à“≈ß„π ¡°“√ (5) ‰¥â¥—ß· ¥ß„π ¡°“√∑’Ë (9)

´÷Ëß§”π«≥§à“ Teq ‰¥â‡∑à“°—∫ 165.13 Ì´  ”À√—∫§à“ Teq ¢Õß FAMEs ™π‘¥Õ◊Ëπ ·≈–∑’Ë‚ª√·°√¡Õ◊ËπÊ · ¥ßº≈‰«â¥—ß

µ“√“ß∑’Ë 3 ‡™àπ‡¥’¬«°—π

(9)In =  -9.839 - 0.487 18.36 + +x
8.608 - 1.813

1.813

2272.36

Teq

356.09 x 18.36

Teq
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4.3 °“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß§à“ Teq ∑’Ë§”π«≥‰¥â

4.3.1 ‡ª√’¬∫‡∑’¬∫®“°§à“‡«≈“§ß§â“ß (tR) ¢Õß “√

®“°§à“ Teq ∑’Ë§”π«≥‰¥âπ”¡“µ—Èß‡ªìπÕÿ≥À¿Ÿ¡‘¢Õß§Õ≈—¡πå∑’Ë„™â„π°“√©’¥µ—«Õ¬à“ß FAMEs ®“°πÈ”¡—π

‡¡≈Á¥ º—°°“¥‡¢’¬«ª≈’∑’Ë ¿“«– IGC ‚¥¬ª√—∫Õ—µ√“°“√‰À≈¢Õß·°ä µ—«æ“„Àâ‰¥â§à“ t
M
 µ“¡∑’Ë§”π«≥‰¥â®“° ¡°“√∑’Ë

(7) (t
M(cal)

) ·≈â«π”º≈§à“ t
R
 ∑’Ë‰¥â (t

R(Teq)
) ¡“‡ª√’¬∫‡∑’¬∫°—∫§à“ t

R
 ∑’Ë‰¥â®“° ¿“«– TPGC (t

R(TPGC)
) ¥—ß· ¥ß‰«â„π

µ“√“ß∑’Ë 4 ‚¥¬„πµ“√“ßπ’È‰¥â· ¥ß§à“ t
M(exp)

 ´÷Ëß‰¥â®“°°“√∑¥≈Õß®√‘ß ·≈–§à“ t
M(cal)

 ‰«â¥â«¬

®“°µ“√“ßæ∫«à“ FAMEs C 24:1 ∑’Ë‚ª√·°√¡Õÿ≥À¿Ÿ¡‘·∫∫ A ¡’§à“ t
R
 µà“ß°—π Ÿß ÿ¥‡∑à“°—∫√âÕ¬≈–

0.49 Õ¬à“ß‰√°Áµ“¡¡’¢âÕ¡Ÿ≈ª√–¡“≥√âÕ¬≈– 10 ‡∑à“π—Èπ∑’Ë„Àâ§à“§«“¡·µ°µà“ß¢Õß t
R
 ‡°‘π√âÕ¬≈– 0.40 ´÷Ëß§à“§«“¡

·ª√ª√«π∑’Ë‡°‘¥¢÷Èππ’ÈÕ“®‡π◊ËÕß¡“®“°§«“¡‰¡à·¡àπ¬”¢Õß°“√µ—Èß§à“ t
M(exp)

 ´÷Ëßµ—Èß§à“„Àâµ√ß°—∫ t
M(cal)

 ‰¥â§àÕπ¢â“ß¬“°

4.3.2 ‡ª√’¬∫‡∑’¬∫®“°§à“§«“¡¬“«§“√å∫Õπ‡∑’¬∫‡∑à“ (ECL)

®“°¢âÕ¡Ÿ≈§à“ t
M
 ·≈– t

R
 ¢Õß FAMEs ®“°πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’∑’Ë ¿“«– IGC ∑’ËÕÿ≥À¿Ÿ¡‘ Teq

t
M(exp)

 ·≈– t
R(Teq)

 „πµ“√“ß∑’Ë 4 µ“¡≈”¥—∫  “¡“√∂π”¡“„™â„π°“√À“§à“ ECL ¢Õß FAMEs ‰¥â 2 «‘∏’ ‡ª√’¬∫‡∑’¬∫

°—π¥—ßπ’È§◊Õ

4.3.2.1 °“√‡¢’¬π°√“øµ“¡«‘∏’¢Õß Woodford ·≈– van Gent [2] À√◊Õ Miva ·≈–§≥– [3] ´÷Ëß

‡ªìπ°“√‡¢’¬π°√“ø√–À«à“ß             °—∫§à“ ECL ¢Õß FAMEs ™π‘¥Õ‘Ë¡µ—«∑’Ë‡ªìπÕß§åª√–°Õ∫„ππÈ”¡—π‡¡≈Á¥º—°

°“¥‡¢’¬« ª≈’ ®“°°√“ø‡ âπµ√ß∑’Ë‰¥â∑”„ÀâÀ“§à“ ECL ¢Õß FAMEs ™π‘¥‰¡àÕ‘Ë¡µ—«∑’Ë‡ªìπÕß§åª√–°Õ∫®“°§à“

  ¢Õß FAMEs ™π‘¥π—ÈπÊ ∑’Ë·µà≈–Õÿ≥À¿Ÿ¡‘‰¥â

4.3.2.2 §”π«≥§à“ ECL ∑’ËÕÿ≥À¿Ÿ¡‘ Teq ‰¥â®“°          ‚¥¬Õ“»—¬¢âÕ¡Ÿ≈®“°µ“√“ß∑’Ë 2 π”¡“„™â„π

°“√§”π«≥§à“ ECL ∑’ËÕÿ≥À¿Ÿ¡‘ Teq ‰¥â‚¥¬„™â ¡°“√ (8)

º≈°“√§”π«≥§à“ ECL ‚¥¬«‘∏’µà“ßÊ §◊Õ ECL ®“°‚§√¡“‚µ·°√¡„π ¿“«– TPGC (ECL(TPGC))

‚¥¬„™â ¡°“√ (4) ECL ®“°‚§√¡“‚µ·°√¡„π ¿“«– IGC  ∑’ËÕÿ≥À¿Ÿ¡‘ Teq (ECL(Teq)) ´÷Ëß§”π«≥µ“¡ ¡°“√ (8)

·≈–®“°°“√‡¢’¬π°√“ø (ECL(G)) ∑’Ë‚ª√·°√¡Õÿ≥À¿Ÿ¡‘ ·∫∫ A, B, C ·≈– D ‡ª√’¬∫‡∑’¬∫„Àâ‡ÀÁπ¥—ßµ“√“ß∑’Ë 5 ´÷Ëß

æ∫«à“ ECL  ∑’Ë‰¥â®“°·µà≈–«‘∏’¡’§à“„°≈â‡§’¬ß°—π ‚¥¬§«“¡·µ°µà“ß Ÿß ÿ¥ ‡∑à“°—∫ 0.04 Àπà«¬ ∑’Ë C24:1 ∑’Ë

‚ª√·°√¡Õÿ≥À¿Ÿ¡‘·∫∫ A ‚¥¬ª√–¡“≥√âÕ¬≈– 75 ¢Õß¢âÕ¡Ÿ≈¡’§à“ ECL µà“ß°—π‰¡à‡°‘π 0.01 Àπà«¬

º≈∑’Ë‰¥â· ¥ß„Àâ‡ÀÁπ«à“§à“ Teq ∑’Ë§”π«≥®“° ¡°“√∑’Ë (5) ¡’§«“¡·¡àπ¬” Ÿß ∑”„Àâ “¡“√∂§”π«≥§à“

ECL(Teq) ¢Õß FAMEs ®“°§à“ Teq ·≈–§à“ ECL ∑’Ë¡’Õ¬Ÿà„π∞“π¢âÕ¡Ÿ≈‰¥â‚¥¬ ¡°“√ (8)

∆ECL
∆T

In
tR-tM

tM

In
tR-tM

tM
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µ“√“ß∑’Ë 4  ‡ª√’¬∫‡∑’¬∫§à“ t
R(Teq)

 ·≈– t
R(TPGC)

 ¢Õß FAMEs ‰¡àÕ‘Ë¡µ—«®“°πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’

FAMEs
18:1(n-9)
18:2(n-6)
18:3(n-3)
20:1(n-9)
20:2(n-6)
22:1(n-9)
24:1(n-9)

Teq

165.13
166.22
167.78
169.21
170.70
174.51
180.69

tM(cal)

1.821
1.822
1.825
1.827
1.829
1.835
1.844

tM(exp)

1.828
1.836
1.847
1.850
1.859
1.862
1.879

tR(TPGC)

8.608
9.690
11.127
12.444
13.803
17.034
21.982

tR(Teq)

8.607
9.688
11.145
12.467
13.789
17.099
21.874

%error
0.01
0.02
-0.16
-0.18
0.10
-0.38
0.49

1 ¢—Èπ (A)

FAMEs
18:1(n-9)
18:2(n-6)
18:3(n-3)
20:1(n-9)
20:2(n-6)
22:1(n-9)
24:1(n-9)

Teq

165.13
166.22
167.70
169.14
170.68
174.44
180.80

tM(cal)

1.827
1.828
1.831
1.833
1.835
1.841
1.850

tM(exp)

1.828
1.833
1.847
1.842
1.857
1.862
1.879

tR(TPGC)

8.593
9.670
11.109
12.418
13.780
17.003
21.699

tR(Teq)

8.611
9.652
11.145
12.454
13.807
17.051
21.772

%error
-0.21
0.19
-0.32
-0.29
-0.20
-0.28
-0.34

2 ¢—Èπ (B)

FAMEs
18:1(n-9)
18:2(n-6)
18:3(n-3)
20:1(n-9)
20:2(n-6)
22:1(n-9)
24:1(n-9)

Teq

165.11
166.26
167.75
169.18
170.58
174.81
182.04

tM(cal)

1.831
1.832
1.835
1.837
1.839
1.845
1.856

tM(exp)

1.828
1.853
1.847
1.841
1.850
1.863
1.876

tR(TPGC)

8.620
9.703
11.144
12.463
13.870
6.806
20.647

tR(Teq)

8.611
9.715
11.145
12.494
13.897
16.869
20.607

%error
0.01
-0.12
-0.01
-0.25
-0.19
-0.37
0.19

3 ¢—Èπ (C)

FAMEs
18:1(n-9)
18:2(n-6)
18:3(n-3)
20:1(n-9)
20:2(n-6)
22:1(n-9)
24:1(n-9)

Teq

164.95
165.95
167.62
169.09
170.75
174.96
182.49

tM(cal)

1.829
1.831
1.833
1.836
1.838
1.844
1.856

tM(exp)

1.837
1.838
1.847
1.841
1.849
1.870
1.886

tR(TPGC)

8.685
9.785
11.196
12.502
13.803
16.685
20.251

tR(Teq)

8.689
9.739
11.145
12.494
13.788
16.623
20.242

%error
-0.05
0.47
0.46
0.06
0.11
0.37
0.04

4 ¢—Èπ (D)
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4.4 °“√§”π«≥§à“ Teq ®“°¢âÕ¡Ÿ≈∑’Ë√“¬ß“π‚¥¬ Lomsugarit ·≈–§≥– [22]

Lomsugarit ·≈–§≥– [22] ‰¥â√“¬ß“π¢âÕ¡Ÿ≈§à“‡«≈“§ß§â“ß ·≈–§à“ ECL(TPGC) ¢Õß FAMEs ®“°

πÈ”¡—π‡¡≈Á¥º—°°“¥‡¢’¬«ª≈’∑’Ë«‘‡§√“–Àå¥â«¬§Õ≈—¡πå SA-WAX ‚¥¬„™â‚ª√·°√¡Õÿ≥À¿Ÿ¡‘·∫∫ 1 ¢—Èπ 2 ¢—Èπ 3 ¢—Èπ ·≈–

4 ¢—Èπ ‰«â √«¡∑—Èß‰¥â√“¬ß“π§à“ ECL(G) ∑’ËÕÿ≥À¿Ÿ¡‘ 160, 180, 190, 210 Ì´ ·≈–§à“             ‰«â¥â«¬ ®“°¢âÕ¡Ÿ≈∑’Ë

¡’Õ¬Ÿà‡æ’¬ßæÕ ”À√—∫π”¡“„™â„π°“√∑”π“¬§à“ Teq ‰¥â ‚¥¬„™â§à“§ß∑’Ë a, b, c ·≈– d µ“¡√“¬ß“π¢Õß Lomsugarit

·≈–§≥– [22] ´÷Ëß¡’§à“‡∑à“°—∫ -9.134, -0.5443, 1374.296 ·≈– 405.091 µ“¡≈”¥—∫ ®“°π—Èπ§”π«≥§à“ ECL(Teq)

¥â«¬«‘∏’‡¥’¬«°—∫¢âÕ 3.2.2

º≈°“√§”π«≥· ¥ß‰«â„πµ“√“ß∑’Ë 6 ́ ÷Ëß®–‡ÀÁπ«à“ ECL(TPGC) ¡’§à“„°≈â‡§’¬ß°—∫ ECL(Teq) ¡“°¬°‡«âπ∑’Ë

C24:1 ´÷Ëß„Àâ§à“·µ°µà“ß¢Õß§à“ ECL  Ÿß ∑—Èßπ’È‡π◊ËÕß®“°¢âÕ¡Ÿ≈¢Õß FAMEs ™π‘¥π’È∑’Ë‡ πÕ‰«â‚¥¬ Lomsugarit ·≈–

§≥– [22] ¡’‰¡à§√∫∂â«π

·¡â Lomsugarit ·≈–§≥– [22]  “¡“√∂§”π«≥§à“ ECL „π ¿“«– TPGC µà“ßÊ ‰¥â°Áµ“¡ §à“

ECL ∑’Ë§”π«≥‰¥âπ—Èπ‰¡à√Ÿâ®–‡∑’¬∫§à“°—∫ ECL ¢Õß ¿“«– IGC ≥ Õÿ≥À¿Ÿ¡‘„¥ «‘∏’∑’Ëæ—≤π“¢÷Èπ„À¡àπ’È®÷ß‡ªìπ°“√

‡ √‘¡°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√„Àâ¡’§«“¡ ¡∫Ÿ√≥å¬‘Ëß¢÷Èπ§◊Õ‡∑’¬∫§à“ ECL „π ¿“«– TPGC ≥ Õÿ≥À¿Ÿ¡‘ Teq

5.  √ÿª

°“√∑”π“¬§à“ Teq ‚¥¬Õ“»—¬ ¡°“√∑’Ëπ”‡ πÕπ’È¡’§«“¡·¡àπ¬” Ÿß ∑”„Àâ “¡“√∂‚¬ß‡Õ“§à“ ECL À√◊Õ§à“ I

∑’Ë¡’Õ¬Ÿà„π∞“π¢âÕ¡Ÿ≈¡“„™â„π°“√æ‘ Ÿ®πå‡Õ°≈—°…≥å “√ FAMEs √«¡∂÷ß “√Õ‘π∑√’¬åÕ◊ËπÊ ∑’Ë«‘‡§√“–Àå¿“¬„µâ ¿“«– TPGC

‰¥â πÕ°®“°π’È§à“ I(Teq) À√◊Õ ECL(Teq) ∑’ËÀ“‚¥¬«‘∏’π’È¬—ß “¡“√∂µ—¥ªí®®—¬¢Õßµ—«·ª√∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡§≈◊ËÕπ∑’Ë¢Õß

¢Õß‡À≈«‰ª‰¥â ‚¥¬¡’§ÿ≥ ¡∫—µ‘∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å‡æ’¬ßÕ¬à“ß‡¥’¬«‡¢â“¡“‡°’Ë¬«¢âÕß ÷́Ëß “¡“√∂§«∫§ÿ¡‰¥âßà“¬ ∑”„Àâ

¢âÕ¡Ÿ≈¡’§«“¡∂Ÿ°µâÕß·≈–·¡àπ¬” ‡™◊ËÕ∂◊Õ‰¥â„π°“√«‘‡§√“–Àå (reproducible analyses) ·≈–°“√‡ª√’¬∫‡∑’¬∫¢âÕ¡Ÿ≈

√–À«à“ßÀπà«¬ªØ‘∫—µ‘°“√°Á “¡“√∂∑”‰¥â‡™àπ°—π

6. °‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬©∫—∫π’È‰¥â√—∫°“√ π—∫ πÿπ∑ÿπ«‘®—¬®“° ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬ ( °«.)

∆ECL
∆T
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µ“√“ß∑’Ë 6 · ¥ß§à“ Teq ∑’Ë§”π«≥‰¥â ·≈–‡ª√’¬∫‡∑’¬∫§à“ ECL(TPGC) ®“°¢âÕ¡Ÿ≈¢Õß Lomsugarit ·≈–§≥– [22] ·≈–

ECL(Teq) ∑’Ë§”π«≥‰¥â ( ¿“«– TPGC ·∫∫ A, B, C ·≈– D · ¥ß‰«â„πß“π«‘®—¬¢Õß Lomsugarit ·≈–§≥– [22])

FAMEs
C18:1

C18:2
C18:3
C20:1

C22:1
C24:1

tR(TPGC)

6.249

6.799
7.633
8.915

12.002
15.188

Teq

168.62

170.93
171.41
172.85

178.77
187.12

tM(cal)

1.856

1.859
1.860
1.862

1.869
1.880

ECL(TPGC)

18.16

18.60
19.23
20.13

22.15
24.20

ECL(Teq)

18.16

18.61
19.23
20.14

22.12
24.11

1 ¢—Èπ (A)

FAMEs
C18:1
C18:2
C18:3

C20:1
C22:1
C24:1

tR(TPGC)

6.508
7.13
8.094

9.625
13.321
16.461

Teq

167.06
169.12
169.50

170.85
176.29
185.26

tM(cal)

1.853
1.856
1.856

1.858
1.865
1.877

ECL(TPGC)

18.17
18.61
19.24

20.14
22.14
24.18

ECL(Teq)

18.16
18.61
19.22

20.13
22.11
24.10

2 ¢—Èπ (⁄B)

FAMEs
C18:1
C18:2
C18:3

C20:1
C22:1
C24:1

tR(TPGC)

6.433
7.051
8.012

9.498
12.772
15.649

Teq

166.91
169.03
169.43

170.85
176.95
186.13

tM(cal)

1.835
1.838
1.838

1.840
1.848
1.860

ECL(TPGC)

18.16
18.60
19.22

20.12
22.13
24.18

ECL(Teq)

18.16
18.61
19.22

20.13
22.11
24.10

3 ¢—Èπ (C)

FAMEs
C18:1
C18:2

C18:3
C20:1
C22:1

C24:1

tR(TPGC)

7.093
7.654

8.51
9.873
13.132

16.177

Teq

164.77
167.65

168.13
169.84
176.17

185.27

tM(cal)

1.792
1.796

1.797
1.799
1.807

1.819

ECL(TPGC)

18.15
18.59

19.23
20.15
22.18

24.23

ECL(Teq)

18.15
18.60

19.22
20.13
22.11

24.10

4 ¢—Èπ (D)
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