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∫∑§—¥¬àÕ

§«“¡√âÕπ¢Õß°“√≈–≈“¬ (∆Hsol) ‡ªìπ ¡∫—µ‘Àπ÷Ëß∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å¢Õß “√∑’Ë¡’§«“¡ ”§—≠¡“°‡π◊ËÕß®“°
· ¥ß„Àâ‡ÀÁπ∂÷ßªØ‘ —¡æ—π∏å√–À«à“ß “√°—∫«—Ø¿“§π‘Ëß„π§Õ≈—¡πå·°ä ‚§√¡“‚µ°√“øï  “¡“√∂∑”π“¬‰¥â®“° ¡°“√∑’Ë (1)

(1)

‚¥¬ k §◊Õ §à“µ—«ª√–°Õ∫§ß§â“ß ∆S0(sol)  ·≈– ∆H0(sol) §◊Õ‡Õπ‚∑√ªï·≈–‡Õπ∑—≈ªï¢Õß°“√≈–≈“¬¢Õß “√ ¡¡ÿµ‘∑’Ë¡’
®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ‡ªìπ»Ÿπ¬å δSsol ·≈– δHsol  §◊Õ‡Õπ‚∑√ªï·≈–‡Õπ∑—≈ªï¢Õß°“√≈–≈“¬∑’Ë‡æ‘Ë¡¢÷Èπ¢Õß “√µàÕ 1
Õ–µÕ¡¢Õß§“√å∫Õπ T §◊Õ Õÿ≥À¿Ÿ¡‘ —¡∫Ÿ√≥å (K) ·≈– β §◊ÕÕ—µ√“ à«π√–À«à“ßª√‘¡“µ√¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’ËµàÕª√‘¡“µ√
¢Õß«—Ø¿“§π‘Ëß z §◊Õ®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ¢Õß “√ „πß“π«‘®—¬π’È‰¥â‡™◊ËÕ¡ —¡æ—π∏å§à“ ∆Hsol ∑’Ë‰¥â®“°·°ä ‚§√¡“‚µ
°√“øï°—∫§à“§«“¡√âÕπ¢Õß°“√‡º“‰À¡â (HG) ¢Õß “√ æ∫«à“ HG ¡’§«“¡ —¡æ—π∏å‡ªìπ‡™‘ß‡ âπ°—∫ ∆Hsol ‡¡◊ËÕ∑”°“√
‡ª√’¬∫‡∑’¬∫§à“ HG ¢Õß “√„π°≈ÿà¡°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å πÕ√å¡—≈æ“√“øîπ·≈–πÕ√å¡—≈·Õ≈°ÕŒÕ≈å°—∫§à“∑’Ë¡’°“√√“¬ß“π‰«â
æ∫«à“§à“∑’Ë§”π«≥‰¥âπ—Èπ„°≈â‡§’¬ß°—∫§à“∑’Ë¡’°“√√“¬ß“π‰«â¡“°

§” ”§—≠ : °√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å / ·°ä ‚§√¡“‚µ°√“øï / §«“¡√âÕπ¢Õß°“√≈–≈“¬ / §«“¡√âÕπ¢Õß°“√‡º“
‰À¡â / πÕ√å¡—≈æ“√“øîπ / πÕ√å¡—≈·Õ≈°ÕŒÕ≈å
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The enthalpy of solution (∆Hsol) is an important thermodynamic property of a substance. It encom-

passes the interaction between a substance with the stationary phase of a gas chromatographic (GC)

column, which can be easily determined by equation (1)

(1)

where k is the retention factor, ∆S0(sol) and ∆H0(sol) are the entropy and enthalpy of solution, respectively, of

the hypothetical compound with zero carbon atom, δSsol  and δHsol are the increment in entropy and en-

thalpy per one carbon atom, respectively. T is the absolute temperature and β is the column phase ratio.  z

is the number of carbon atom of the homolog. ∆Hsol can be easily estimated from the sum of the two

enthalpic terms in eq.(1). In this study, heat of combustion (HG) of a substance was linearly correlated with

∆Hsol. The estimated values of HG for fatty acid methyl esters, n-paraffins and n-alcohols were compared

with those reported in the literatures. The estimated HG values are very close to those reported in the

literatures.

Keywords : Fatty Acid Methyl Ester / Gas Chromatography / Heat of Solution / Heat of Combustion /

n-Paraffins / n-Alcohols
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1. ∫∑π”
‚§√¡“‚µ°√“øï‡ªìπ»“ µ√å¢Õß°“√·¬° “√º ¡ÕÕ°

®“°°—π·¢πßÀπ÷Ëß ´÷Ëß·°ä ‚§√¡“‚µ°√“øï (Gas Chroma-
tography, GC) ‡ªìπ√Ÿª·∫∫Àπ÷Ëß∑’Ë “¡“√∂«‘‡§√“–Àå
 “√∑’Ë·¬°‰¥â∑—Èß„π‡™‘ßª√‘¡“≥·≈–‡™‘ß§ÿ≥≈—°…≥–‰¥âÕ¬à“ß
√«¥‡√Á«·≈–¡’§«“¡∂Ÿ°µâÕß Ÿß πÕ°®“°π’È GC ¬—ß “¡“√∂
„™â‡ªìπ‡∑§π‘§∑’Ë‡À¡“– ¡„π°“√«—¥ ¡∫—µ‘∑“ß‡∑Õ√å‚¡‰¥
π“¡‘° å¢Õß “√ ‰¡à«à“®–‡ªìπ§à“æ≈—ßß“πÕ‘ √– (Free
energy) §à“‚¡≈“√å‡Õπ∑—≈ªï À√◊Õ §«“¡√âÕπ¢Õß°“√≈–≈“¬
(Enthalpy or heat of solution, ∆Hsol) ·≈–‚¡≈“√å‡Õπ
‚∑√ªï¢Õß°“√≈–≈“¬ (Entropy of solution, ∆Ssol) ‚¥¬

‡©æ“–§à“ ∆Hsol π—Èπ· ¥ß∂÷ßªØ‘ —¡æ—π∏å√–À«à“ß “√°—∫
«—Ø¿“§π‘Ëß ´÷Ëß§à“π’È “¡“√∂À“‰¥âÀ≈“¬«‘∏’‚¥¬ GC [1-6]
·µà≈–«‘∏’¡’¢âÕ®”°—¥‡¥’¬«°—π §◊Õ ®–µâÕß©’¥ “√µ—«Õ¬à“ß
‡¢â“‰ª„π§Õ≈—¡πå GC ∑ÿ°§√—Èß®÷ß®– “¡“√∂§”π«≥§à“
∆Hsol ‰¥â ´÷Ëß∑”„Àâ‰¡à –¥«°„π°“√„™âß“π·≈–‡ ’¬§à“„™â
®à“¬ Ÿß ‚¥¬‡©æ“– “√µ—«Õ¬à“ß∑’Ë√“§“·æß

„πªï 1997 Krisnangkura ·≈–§≥– [7] ‰¥â‡ πÕ
 ¡°“√∑’Ë‡™◊ËÕ¡§«“¡ —¡æ—π∏å√–À«à“ß§à“‡«≈“§ß§â“ß (tR)

®”π«πÕ–µÕ¡¢Õß§“√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 (1)

(1)

-lnβ
R

a  =
∆S0(sol)

R
b  =

δSsol

R
c  =  -

∆H0(sol)

T

z
T

dc
lnk  =  a  +  bz + +

R
d  =

δHsol

‚¥¬

T = Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå —¡∫Ÿ√≥å (K)
z = ®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ
k = µ—«ª√–°Õ∫§ß§â“ß (Retention factor) ¡’

§à“‡∑à“°—∫

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

∆H0(sol) ·≈– δHsol §◊Õ §à“‡Õπ∑—≈ªï¢Õß°“√
≈–≈“¬¢Õß “√ ¡¡µ‘∑’Ë¡’®”π«π§“√å∫Õπ‡ªìπ 0 ·≈–§à“
‡Õπ∑—≈ªï∑’Ë‡ª≈’Ë¬π·ª≈ß‰ªµàÕÀπ÷ËßÀπà«¬‡¡∑‘≈’π µ“¡≈”¥—∫

∆S0(sol) ·≈– δSsol §◊Õ §à“‡Õπ‚∑√ªï¢Õß°“√
≈–≈“¬¢Õß “√ ¡¡µ‘∑’Ë¡’®”π«π§“√å∫Õπ‡ªìπ 0 ·≈–§à“
‡Õπ‚∑√ªï∑’Ë‡ª≈’Ë¬π·ª≈ß‰ªµàÕÀπ÷ËßÀπà«¬‡¡∑‘≈’πµ“¡≈”¥—∫

R §◊Õ §à“§ß∑’Ë¢Õß·°ä 
β (Phase ratio of column) §◊Õ Õ—µ√“ à«π

√–À«à“ßª√‘¡“µ√¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’ËµàÕª√‘¡“µ√¢Õß
«—Ø¿“§π‘Ëß

®“° ¡°“√ (1) ∆Hsol   ¢Õß “√ “¡“√∂§”π«≥‰¥â
¥—ß ¡°“√ (2) À√◊Õ (3) ´÷ËßÕ“»—¬À≈—°°“√‡¥’¬«°—∫°“√
§”π«≥®“°§à“µ—«ª√–°Õ∫§ß§â“ß (k) À√◊Õ Vant't Hoff
plots (ln k °—∫ 1/T) ·µà«‘∏’°“√π’È¡’¢âÕ‰¥â‡ª√’¬∫°«à“ §◊Õ
 “¡“√∂∑”π“¬§à“ ∆Hsol ¢Õß “√∑’ËÕ¬Ÿà„πÕπÿ°√¡‡¥’¬«°—π
‰¥â‚¥¬‰¡à®”‡ªìπµâÕß∑√“∫§à“‡«≈“§ß§â“ß¢Õß “√∑”„Àâ
ª√–À¬—¥‡«≈“·≈–§à“„™â®à“¬„π°“√«‘‡§√“–Àå≈ß

(2)

À√◊Õ (3)

 à«π§«“¡√âÕπ¢Õß°“√‡º“‰À¡â (Heat of combustion,
HG) ‡ªìπª√‘¡“≥§«“¡√âÕπ∑’Ë∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“‡¡◊ËÕ “√
∂Ÿ°‡º“‰À¡âÕ¬à“ß ¡∫Ÿ√≥å ‡§√◊ËÕß¡◊Õ∑’Ë„™â ”À√—∫«—¥ª√‘¡“≥
§«“¡√âÕππ’È‡√’¬°«à“ ∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å (Bomb calori-
meter) ÷́Ëß‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë„Àâº≈∑’Ë·¡àπ¬”‡™◊ËÕ∂◊Õ‰¥â ·¡â«à“

(1a)À√◊Õ

tM

tMtR -

(∆H0) + (zδH0)∆Hsol =

(c × R) + (dz × R)∆Hsol =

T

zδHsol�

T

∆H0(sol)lnk  =  ∆S0(sol) -lnβ + z Ssol - -



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 30 ©∫—∫∑’Ë 3 °√°Æ“§¡-°—π¬“¬π 2550516

∑’Ëºà“π¡“‰¥â¡’ß“π«‘®—¬∑’Ëæ¬“¬“¡æ—≤π“ª√– ‘∑∏‘¿“æ°“√
„™âß“π¢Õß∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å„Àâ –¥«°¢÷Èπ°Áµ“¡ [8, 9] ·µà
∂÷ß°√–π—Èπ°Á¬—ß¡’§«“¡¬ÿàß¬“°´—∫´âÕπ ·≈–„™â‡«≈“·≈–§à“
„™â®à“¬„π°“√«‘‡§√“–Àå ¥—ßπ—Èπ®÷ß‰¥â¡’ºŸâ‡ πÕ«‘∏’µà“ßÊ„π°“√À“
HG ¢Õß “√„π°≈ÿà¡µà“ßÊ‚¥¬‰¡àµâÕß∑”°“√∑¥≈Õß [10-14]
„πªï 1925 Kharasch ·≈– Sher [10] ‰¥âæ—≤π“ ¡°“√
∑“ß§≥‘µ»“ µ√å‡æ◊ËÕ§”π«≥ HG ¢Õß·Õ≈°ÕŒÕ≈å®“°
electron number (´÷Ëß Kharasch π‘¬“¡ electron num-
ber «à“ §◊Õ valence electrons ∑’Ë¡’Õ¬Ÿà„π·Õ≈°ÕŒÕ≈å) ·≈–
µàÕ¡“„πªï 1929 Kharasch [11] ‰¥âÕ∏‘∫“¬∂÷ß ¡°“√∑’Ë
‡§¬‡ πÕ‡æ◊ËÕ„™â∑”π“¬ HG ¢Õß·Õ≈°ÕŒÕ≈å ·≈–‡ª√’¬∫
‡∑’¬∫°—∫§à“ HG ∑’Ë«—¥‰¥â‚¥¬„™â∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å æ∫«à“
¡’§«“¡„°≈â‡§’¬ß°—π¡“° µàÕ¡“„πªï 1989 Freedman ·≈–
§≥– [12] »÷°…“§«“¡ —¡æ—π∏å√–À«à“ß HG °—∫ Empirical
formulas ¢Õß°√¥‰¢¡—π·Õ≈°ÕŒÕ≈å (fatty alcohol) ‚¥¬
Freedman æ∫«à“ HG ¡’§«“¡ —¡æ—π∏å‡ªìπ‡ âπµ√ß°—∫
®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ (Carbon number, CN)
®”π«πÕ‘‡≈Á§µ√Õπ (Electron number, EN) ·≈–¡«≈
‚¡‡≈°ÿ≈ (Molecular mass, MM) ¢Õß fatty alcohol ·≈–
‰¥â∑”π“¬ HG ¢Õß saturated fatty alcohol ∑’Ë¡’®”π«π
Õ–µÕ¡¢Õß§“√å∫Õπµ—Èß·µà 10-22 ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
°—∫§à“∑’Ë‰¥â®“°°“√«—¥¥â«¬∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å æ∫«à“„Àâ§à“
∑’Ë¡’§«“¡·¡àπ¬”∑’Ë Ÿß·≈–≈–‡Õ’¬¥¡“°°«à“∑’Ë Kharasch [11]
‰¥â√“¬ß“π‰«â πÕ°®“°π’È¬—ßæ∫§«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß
HG °—∫®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ ‚¥¬∑—Èß Kharasch ·≈–
Freedman ‰¥â»÷°…“„π≈—°…≥–‡¥’¬«°—ππ’È°—∫ “√„π°≈ÿà¡
‰¢¡—π·≈–°√¥‰¢¡—π ·µà‡π◊ËÕß®“°ß“π«‘®—¬¢Õß∑—Èß Õßπ—Èπ
°“√À“ HG π’È∂Ÿ°®”°—¥‡©æ“–‰µ√°≈’‡´Õ√å‰√¥å (Triglycer-
ide, TG) À√◊Õ‡Õ ‡∑Õ√å (Ester) ∑’Ë∫√‘ ÿ∑∏‘Ï‡∑à“π—Èπ ·µà«à“
„π§«“¡‡ªìπ®√‘ß„π∏√√¡™“µ‘ πÈ”¡—π®“°æ◊™ ·≈– ‡¡∑‘≈
‡Õ ‡∑Õ√å¢ÕßπÈ”¡—πæ◊™ ª√–°Õ∫‰ª¥â«¬°√¥‰¢¡—π™π‘¥µà“ßÊ
¡“°¡“¬∑—Èß™π‘¥Õ‘Ë¡µ—«·≈–‰¡àÕ‘Ë¡µ—«√«¡°—πÕ¬Ÿà ¥—ßπ—ÈπµàÕ¡“ªï
1991 Krisnangkura [14] √“¬ß“π∂÷ß«‘∏’°“√À“ HG ¢Õß
TG ·≈– °√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å (Fatty acid methyl
ester, FAMEs) ®“°§à“ ªÕππ‘øî‡§™—π (Sponification
number, SN) ·≈–§à“‰Õ‚Õ¥’π (Iodine value, IV) ‚¥¬
 ¡°“√∑’Ë√“¬ß“π‰«â “¡“√∂π”¡“∑”π“¬§à“ HG ¢Õß
FAMEs ·≈– TG ∑—Èß™π‘¥Õ‘Ë¡µ—«·≈–‰¡àÕ‘Ë¡µ—«‰¥âÕ¬à“ß·¡àπ¬”

ß“π«‘®—¬©∫—∫π’È‰¥â· ¥ß§«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß
∆Hsol ·≈– HG ¢Õß FAMEs πÕ√å¡—≈æ“√“øîπ (n-paraf-
fins) ·≈–πÕ√å¡—≈·Õ≈°ÕŒÕ≈å (n-alcohols) §à“ ∆Hsol ¢Õß
 “√„πÕπÿ°√¡‡¥’¬«°—π “¡“√∂§”π«π‰¥â®“°§à“§ßµ—« c
·≈– d „π ¡°“√ (1a) ∆Hsol ‚¥¬‰¡àµâÕß∑”°“√∑¥≈Õß
©’¥ “√µ—«Õ¬à“ß∑—ÈßÀ¡¥‡¢â“‡§√◊ËÕß GC ·≈–‡¡◊ËÕ‡™◊ËÕ¡
§«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß§à“ ∆Hsol °—∫§à“ HG ·≈â«
 “¡“√∂§”π«≥§à“ HG ‰¥â‚¥¬µ√ß

2. ∑ƒ…Æ’
§«“¡ —¡æ—π∏å√–À«à“ß ∆Hsol °—∫ HG
 ¡°“√∑’Ë (1a) ‡ªìπ ¡°“√∑’Ë‡™◊ËÕ¡§«“¡ —¡æ—π∏å

√–À«à“ß§à“‡«≈“§ß§â“ßÀ√◊Õµ—«ª√–°Õ∫§ß§â“ß°—∫æ“√“
¡‘‡µÕ√å∑“ßÕÿ≥Àæ≈»“ µ√å ´÷Ëß “¡“√∂π”¡“„™â„π°“√
∑”π“¬°“√‡§≈◊ËÕπ∑’Ë¢Õß “√®“°§à“§ßµ—«Õÿ≥Àæ≈»“ µ√å
·≈–„™â«‘‡§√“–Àå‡Õ°≈—°…≥å “√‰¥âÕ¬à“ß·¡àπ¬” ·≈–®“°
§à“§ßµ—« c ·≈– d ¢Õß‡©æ“–§Õ≈—¡πå∑’Ë‰¥â®“° ¡°“√∑’Ë (1a)
π’È “¡“√∂π”¡“§”π«≥À“ ∆Hsol ¢Õß “√„πÕπÿ°√¡
‡¥’¬«°—π‚¥¬ ¡°“√∑’Ë (3)

(3)

À√◊Õ

(3b)
‚¥¬∑’Ë

Krisnangkura [14] ‡ πÕ«‘∏’°“√À“ HG ¢Õß TG ·≈–
FAMEs ®“°§à“ IV ·≈– SN ‡¡◊ËÕæ‘®“√≥“·≈â«πÕ°®“°
‡ªìπ ¡°“√∑’Ë„™â„π°“√§”π«≥ HG ¢Õß FAMEs ·≈â«
Krisnangkura ¬—ß„™âÕ∏‘∫“¬∂÷ß§«“¡ —¡æ—π∏å∑’Ë‡ªìπ‡ âπ
µ√ß√–À«à“ß HG ∑’Ë§”π«≥‰¥â°—∫®”π«π§“√åÕ–µÕ¡¢Õß
§“√å∫Õπ (z)

(4)

À√◊Õ (4a)

(c × R) + (dz × R)∆Hsol =

(3b)d′z + c′∆Hsol =

c′   =   c × R          ·≈–        d′   =   d × R

d′
z =

∆Hsol − c′

Y   =   ax + b

HG   =   az + b
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(4b)

‡π◊ËÕß®“° “√„π ¡°“√ (3b) ·≈– (4b) ‡ªìπ “√™π‘¥
‡¥’¬«°—π ¥—ßπ—Èπ (4b) = (3b)

·≈– (5)

(5b)

‚¥¬∑’Ë

 ¡°“√∑’Ë (5b) ‡ªìπ ¡°“√‡ âπµ√ß´÷Ëß· ¥ß∂÷ß§«“¡
 —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß ∆Hsol °—∫ HG ∑’Ë¡’ A ‡ªìπ§à“
§«“¡™—π ·≈– B ‡ªìπ®ÿ¥µ—¥·°π y

3. «— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß
3.1  “√µ—«Õ¬à“ß

 “√¡“µ√∞“π °√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å πÕ√å¡—≈
æ“√“øîπ·≈–πÕ√å¡—≈·Õ≈°ÕŒÕ≈å ®“°∫√‘…—∑ ‘́°¡“‡§¡‘§Õ≈
®”°—¥ (Sigma chemicals, St. Luis, USA)

3.2 §Õ≈—¡πå
„π°“√∑¥≈Õß„™â§Õ≈—¡πåª√–‡¿∑ Fused silica

capillary column ®“°∫√‘…—∑ SGE (Ring wood, Aus-
tralia) ‚¥¬„™â§Õ≈—¡πå

1. OV-101; (15 m x 0.25 mm x 0.20 (µm);
100% Dimethyl polysiloxane

2. SP-2330; (30 m x 0.25 mm x 0.20 (µm);
80% Cyanopropyl

3.3 ·°ä ‚§√¡“‚µ°√“øï
‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“øï √ÿàπ 14A ¡’µ—«µ√«®

«—¥·∫∫ flame ionization detector (FID) æà«ß°—∫
‡§√◊ËÕßª√–¡“≈º≈ CR-4A ®“°∫√‘…—∑™‘¡—∑ ÷́ ª√–‡∑»≠’ËªÿÉπ
°“√«‘‡§√“–Àå “√∑”‚¥¬„™â√–∫∫©’¥ “√·∫∫ split-splitless
‚¥¬„™â split ratio 50:1 ¡’·°ä ‰π‚µ√‡®π‡ªìπ·°ä µ—«æ“

Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√∑¥≈Õß¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß “√

3.4 °“√À“§à“§ß∑’Ë a , b, c ·≈– d ¢Õß§Õ≈—¡πå
§à“§ßµ—«∑—Èß 4 (a, b, c ·≈– d) À“µ“¡«‘∏’¢Õß

Krisnangkura ·≈– §≥– [14] ‚¥¬°“√©’¥ “√¡“µ√∞“π
°≈ÿà¡µà“ßÊ ∑’ËÕÿ≥À¿Ÿ¡‘µ“¡·µà™π‘¥¢Õß “√‚¥¬Àà“ß°—π™à«ß≈–
5 °´ ·≈–À“‰¥â 2 «‘∏’ §◊Õ

1. ‡¡◊ËÕ°Ì“Àπ¥„Àâ®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ (z)

§ß∑’Ë  ¡°“√∑’Ë (1a) ®–≈¥√Ÿª≈ß‡À≈◊Õ

(6)

‚¥¬∑’Ë (7)

(8)

‡¡◊ËÕ‡¢’¬π°√“ø√–À«à“ß a′ °—∫ z ®–‰¥â®ÿ¥µ—¥·°π y ‡∑à“°—∫
a ·≈– §«“¡™—π‡∑à“°—∫ b ·≈–‡¡◊ËÕ‡¢’¬π°√“ø√–À«à“ß b′
°—∫ z ®–‰¥â®ÿ¥µ—¥·°π y ‡∑à“°—∫ c ·≈– §«“¡™—π‡∑à“°—∫ d
À√◊Õ

2. ‡¡◊ËÕæ‘®“√≥“„ÀâÕÿ≥À¿Ÿ¡‘§ß∑’Ë  ¡°“√∑’Ë (1a) ®–
≈¥√Ÿª≈ß‡À≈◊Õ

(9)

‚¥¬∑’Ë (10)

(11)

‡¡◊ËÕ‡¢’¬π°√“ø√–À«à“ß a′′ °—∫ 1/T ®–‰¥â®ÿ¥µ—¥·°π y ‡∑à“°—∫
a ·≈–§«“¡™—π‡∑à“°—∫ c ·≈–‡¡◊ËÕ‡¢’¬π°√“ø√–À«à“ß b′′

°—∫ 1/T ®–‰¥â®ÿ¥µ—¥·°π y ‡∑à“°—∫ b ·≈– §«“¡™—π‡∑à“°—∫
d §à“§ßµ—«∑—Èß 4  “¡“√∂§”π«≥§à“‰¥â‚¥¬·∑π§à“‡«≈“§ß
§â“ß Õÿ≥À¿Ÿ¡‘ ·≈–®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ∑’Ë‰¥â„ à≈ß„π
Microsoft Excel (version 8.0) ¥—ß· ¥ß‰«â„πº≈°“√
∑¥≈Õßµ“√“ß∑’Ë 1, 2 ·≈– 3 §à“§ßµ—« a, b, c ·≈– d ∑’Ë
À“‰¥â∑—Èß 2 «‘∏’®–¡’§à“‡∑à“°—π

z   =   HG − b
a

d

c

a

bHG

′

′−
=

− ∆Hsol

BAHG += (∆Hsol)

T
k

b'
a'ln +=

zbaa' +=

zdcb' +=

zbaln ′′′′= +k

T

c
aa +=′′

T

d
bb +=′′

A   =   a/d′   ·≈–  B   =   −(ac′−d′b)/d′
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4. º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈
4.1 °“√À“§à“§«“¡√âÕπ¢Õß°“√≈–≈“¬

„πß“π«‘®—¬π’È®–π”‡ πÕ«‘∏’°“√À“§à“ ∆Hsol ®“°
§à“§ßµ—« c ·≈– d „π ¡°“√∑”π“¬‡Õ°≈—°…≥å “√ ¡°“√∑’Ë

(1a) µ“√“ß∑’Ë 1, 2 ·≈– 3 ‡ªìπ§à“ ln k §à“§«“¡™—π ®ÿ¥
µ—¥·°π ·≈–§à“§ß∑’Ë®”‡æ“–¢Õß ¡°“√∑’Ë (1a) ¢Õß “√
FAMEs, n-paraffins ·≈– n-alcohols ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ
µ“¡≈”¥—∫

16 2.414 2.203 2.000 1.814 1.629 1.439 1.259 -15.76 8048.7

17 2.848 2.625 2.412 2.215 2.019 1.821 1.634 -16.27 8468.9

18 30274 3.042 2.819 2.611 2.405 2.197 2.001 -16.79 8887.6

19 3.702 3.459 3.224 3.007 2.790 2.575 2.370 -17.30 9300.00

20 4.121 3.869 3.623 3.396 3.170 2.999 2.732 -17.81 9711.4

®ÿ¥µ—¥ -4.413 -4.458 -4.490 -4.514 -4.532 -4.581 -4.628 -7.58 1401.76

(a) (c)

§«“¡™—π 0.427 0.417 0.406 0.396 0.385 0.376 0.368 -0.512 415.64

(b) (d)

µ“√“ß∑’Ë 1  §à“ ln k ¢Õß FAMEs ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ ·≈–§à“§ßµ—« a, b, c ·≈– d ¢Õß ¡°“√∑’Ë (1)

®”π«π
§“√å∫Õπ 170     °°°°°´ 175     °°°°°´ 180     °°°°°´ 185     °°°°°´ 190     °°°°°´ 195     °°°°°´ 200     °°°°°´ ®ÿ¥µ—¥ §«“¡™—π

15 1.730 1.519 1.338 1.160 0.985 0.812 0.644 -14.18 6566.6

16 2.233 2.011 1.820 1.631 1.445 1.262 1.085 -14.62 6955.1

17 2.739 2.506 2.302 2.102 1.904 1.711 1.523 -15.10 7365.7

18 3.246 3.002 2.786 2.572 2.363 2.159 1.960 -15.65 7799.1

19 3.749 3.494 3.265 3.038 2.816 2.603 2.393 -16.20 8235.8

20 4.248 3.981 3.740 3.500 3.268 3.043 2.821 -16.74 8664.8

®ÿ¥µ—¥ -5.832 -5.879 -5.870 -5.865 -5.865 -5.881 -5.885 -6.37 214.43

(a) (c)

§«“¡™—π 0.504 0.493 0.481 0.468 0.457 0.446 0.436 0.517 421.91

(b) (d)

µ“√“ß∑’Ë 2  §à“ ln k ¢Õß n-paraffins ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ ·≈–§à“§ßµ—« a, b, c ·≈– d ¢Õß ¡°“√∑’Ë (1)

®”π«π
§“√å∫Õπ 140     °°°°°´ 145     °°°°°´ 150     °°°°°´ 155     °°°°°´ 160     °°°°°´ 165     °°°°°´ 170     °°°°°´ ®ÿ¥µ—¥ §«“¡™—π
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12 2.292 2.310 2.209 2.306 2.262 2.046 2.202 -14.46- 6152.3

14 2.811 2.767 2.591 2.640 2.547 2.268 2.408 15.42 6845.1

16 3.662 3.540 3.265 3.128 3.033 2.644 2.745 -15.81 7273.5

18 5.420 4.980 4.386 4.157 3.819 3.237 3.286 -17.40 8268.2

20 8.563 7.646 6.439 5.861 5.210 4.311 4.195 -18.47 9028.9

22 14.614 12.625 10.224 8.907 7.588 6.073 5.689 20.01 10013.9

®ÿ¥µ—¥ -4.470 -4.532 -4.531 -4.573 -4.586 -4.620 -4.694 -7.58 1408.52

(a) (c)

§«“¡™—π 0.296 0.289 0.279 0.268 0.260 0.253 0.245 -0.55 383.63

(b) (d)

µ“√“ß∑’Ë 3  §à“ ln k ¢Õß n-paraffins ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ ·≈–§à“§ßµ—« a, b, c ·≈– d ¢Õß ¡°“√∑’Ë (1)

®”π«π
§“√å∫Õπ 180     °°°°°´ 185     °°°°°´ 190     °°°°°´ 195     °°°°°´ 200     °°°°°´ 205     °°°°°´ 210     °°°°°´

®ÿ¥µ—¥
·°π y §«“¡™—π

„πµ“√“ß∑’Ë 1, 2 ·≈– 3 ‰¥â√“¬ß“π§à“§ßµ—« (a, b, c
·≈– d) ¢Õß§Õ≈—¡πå‰«â´÷Ëß§à“§ßµ—« c ·≈– d ‡°’Ë¬«¢âÕß
‚¥¬µ√ß°—∫§à“ ∆Hsol ¥—ß· ¥ß„π ¡°“√∑’Ë (3) ¥—ßπ—Èπ®÷ß
 “¡“√∂§”π«≥§à“ ∆Hsol ¢Õß “√ ‰¥â‚¥¬°“√·∑π§à“ c,
d, R ·≈–®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ≈ß‰ª„π ¡°“√∑’Ë (3)

‡ÀÁπ‰¥â«à“  ¡°“√∑’Ë (3)  “¡“√∂∑”π“¬§à“ ∆Hsol ¢Õß
 “√„π°≈ÿà¡‡¥’¬«°—π ∑’Ë¡’®”π«πÕ–µÕ¡¢Õß§“√å∫ÕπÕ◊ËπÊ
∑’Ë‰¡à‰¥â∑¥≈Õß‰¥â¥â«¬ (· ¥ß„πµ“√“ß∑’Ë 6) ·≈–‡¡◊ËÕπ”§à“
∆Hsol ∑’Ë‰¥â¡“ √â“ß§«“¡ —¡æ—π∏å°—∫®”π«πÕ–µÕ¡§“√å∫Õπ
‰¥â§«“¡ —¡æ—π∏å‡™‘ß‡ âπ´÷Ëß √ÿª¥—ß µ“√“ß∑’Ë 4

µ“√“ß∑’Ë 4  §«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß ∆Hsol °—∫®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ (z)

°≈ÿà¡ “√  ¡°“√‡™‘ß‡ âπ R2  ¡°“√∑’Ë

FAMEs (z = 6-22) ∆Hsol = 0.8250z + 2.7900 1.0000 (12)

n-paraffins (z = 4-10,12,16) ∆Hsol = 0.8379z + 0.4258 1.0000 (13)

n-alcohols (z = 12-22) ∆Hsol = 0.7619z + 2.7972 1.0000 (14)

4.2 §«“¡ —¡æ—π∏å√–À«à“ß§à“§«“¡√âÕπ¢Õß°“√
≈–≈“¬°—∫§à“§«“¡√âÕπ¢Õß°“√‡º“‰À¡â
4.2.1 §à“§«“¡√âÕπ¢Õß°“√‡º“‰À¡â

°“√À“§à“ HG ¢Õß “√™π‘¥„¥‚¥¬∑—Ë«‰ª
 “√π—ÈπµâÕß∂Ÿ°∑”°“√‡º“‰À¡âÕ¬à“ß ¡∫Ÿ√≥å ·≈â««—¥§à“
æ≈—ßß“π§«“¡√âÕπ∑’Ë∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“  ”À√—∫ß“π«‘®—¬
π’È®–„™â HG ®“°‡Õ° “√Õâ“ßÕ‘ß ‚¥¬ FAMEs ·≈–
n-paraffins ®“°ß“π«‘®—¬¢Õß Robert [15]  à«π§à“ HG
¢Õß n-alcohols ‰¥â®“°ß“π«‘®—¬¢Õß Freedman ·≈–§≥–
[12]

πÕ°®“°π’È Krisnangkura [14] ·≈–
Freedman ·≈–§≥– [12] ‰¥âÕ∏‘∫“¬∂÷ß§«“¡ —¡æ—π∏å∑’Ë
‡ªìπ‡ âπµ√ß√–À«à“ß HG °—∫ ®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ
¢Õß FAMEs ·≈– n-alcohols ·≈–„π°“√À“§«“¡
 —¡æ—π∏å√–À«à“ß ∆Hsol °—∫ HG µâÕßÀ“§«“¡ —¡æ—π∏å‡™‘ß
‡ âπ√–À«à“ß HG °—∫ ®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ (¥—ß∑’Ë
Õ∏‘∫“¬„πÀ—«¢âÕ∑’Ë 2) ´÷Ëß§«“¡ —¡æ—π∏å¥—ß°≈à“«· ¥ß¥—ß
µ“√“ß∑’Ë 5
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4.2.2 §«“¡ —¡æ—π∏å√–À«à“ß§à“§«“¡√âÕπ¢Õß
°“√≈–≈“¬°—∫§à“§«“¡√âÕπ¢Õß°“√
‡º“‰À¡â
§«“¡ —¡æ—π∏å√–À«à“ß§à“§«“¡√âÕπ¢Õß

°“√≈–≈“¬°—∫§à“§«“¡√âÕπ¢Õß°“√‡º“ ∑”‰¥â¥—ßπ’È

µ“√“ß∑’Ë 5  §«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß HG °—∫®”π«πÕ–µÕ¡¢Õß§“√å∫Õπ (z)

°≈ÿà¡ “√  ¡°“√‡™‘ß‡ âπ R2  ¡°“√∑’Ë

FAMEs (z = 6-22) HG = 154.7750z + 76.7056 0.9999 (15)

n-paraffins (z = 4-10,12,16) HG = 156.4092z + 56.6371 0.9999 (16)

n-alcohols (z = 12-22) HG = 155.6000z + 26.4667 0.9999 (17)

1. §”π«≥§à“ ∆Hsol ‚¥¬„™â ¡°“√∑’Ë
· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß ∆Hsol °—∫ z (µ“√“ß∑’Ë 4) [16]
·≈–§à“∑’Ë§”π«≥‰¥â√«∫√«¡‰«â„πµ“√“ß∑’Ë 6 ·≈–§à“ HG ¢Õß
 “√··µà≈–°≈ÿà¡ ∑’Ë®”π«πÕ–µÕ¡¢Õß§“√å∫Õπµà“ßÊ ∑’Ë‰¥â
®“°‡Õ° “√Õâ“ßÕ‘ß· ¥ß¥—ßµ“√“ß∑’Ë 6

4 - - 3.78 682.58 - -

5 - - 4.62 838.47 - -

6 7.74 1,000.00 5.45 994.79 7.37 -

7 8.56 - 6.29 1,151.02 8.13 -

8 9.39 1,313.00 7.13 1,307.17 8.89 -

9 10.21 - 7.97 1,463.61 9.65 -

10 11.04 1,625.00 8.80 1,619.67 10.42 -

12 12.69 1,940.00 10.48 1,932.38 11.94 1,899

14 14.34 2,254.00 12.16 - 13.46 2,202

16 15.99 2,550.00 13.83 2,556.56 14.99 2,512

18 17.64 2,859.00 15.51 - 16.51 2,826

20 19.29 3,170.00 17.18 - 18.03 3,138

22 20.94 3,481.00 18.86 - 19.56 3,453

À¡“¬‡Àµÿ : (-) À¡“¬∂÷ß ‰¡à‰¥â¡’°“√√“¬ß“π‰«â

µ“√“ß∑’Ë 6  §à“ ∆Hsol ∑’Ë‰¥â®“°°“√§”π«≥ °—∫ HG

®”π«π
§“√å∫Õπ

∆Hsol

(Kcal/mol)
 ¡°“√∑’Ë (12)

HG
(Kcal/mol)

[15]

∆Hsol

(Kcal/mol)
 ¡°“√∑’Ë (13)

HG
(Kcal/mol)

[15]

∆Hsol

(Kcal/mol)
 ¡°“√∑’Ë (14)

HG
(Kcal/mol)

[15]

FAMEs n-paraffins n-alcohols

2. π”§à“ ∆Hsol °—∫ HG „πµ“√“ß∑’Ë 6 ¡“
 √â“ß°√“ø®–‰¥â°√“ø‡ âπµ√ß ¥—ß· ¥ß„πµ“√“ß∑’Ë 7 π—Ëπ

§◊Õ ∆Hsol ·≈– HG  —¡æ—π∏å°—π‡ªìπ‡™‘ß‡ âπµ“¡ ¡°“√ (5b)
 ”À√—∫ “√∑ÿ°°≈ÿà¡¡’§«“¡‡™◊ËÕ¡—Ëπ∑’Ë¡’§à“ Ÿß (R2 > 0.9999)
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3. ‡ª√’¬∫‡∑’¬∫§à“ HG ∑’Ë‰¥â®“°°“√
∑”π“¬¥â«¬ ¡°“√„πµ“√“ß∑’Ë 7 °—∫§à“®“°‡Õ° “√Õâ“ßÕ‘ß
æ∫«à“§à“∑’Ë‰¥â¡’§«“¡„°≈â‡§’¬ß°—π¡“°„π “√∑ÿ°°≈ÿà¡∑’Ë»÷°…“

‚¥¬§«“¡·µ°µà“ß¡’§à“πâÕ¬°«à“√âÕ¬≈– 0.54 ®“°¢âÕ¡Ÿ≈
∑—ÈßÀ¡¥ 24 ¢âÕ¡Ÿ≈ (µ“√“ß∑’Ë 8)

µ“√“ß∑’Ë 7  §«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß ∆Hsol     °—∫ HG

°≈ÿà¡ “√  ¡°“√‡™‘ß‡ âπ R2  ¡°“√∑’Ë

FAMEs (z = 6-22) HG = 187.5900 (∆Hsol) - 446.5452 0.9999 (18)

n-paraffins (z = 4-10,12,16) HG = 186.7538 (∆Hsol) - 23.4872 0.9999 (19)

n-alcohols (z = 12-22) HG = 204.2378 (∆Hsol) - 544.7378 0.9999 (20)

À¡“¬‡Àµÿ : %∆HG §◊Õ √âÕ¬≈–§«“¡·µ°µà“ß¢Õß HG ®“°°“√∑”π“¬·≈–‡Õ° “√Õâ“ßÕ‘ß

µ“√“ß∑’Ë 8  §à“§«“¡·µ°µà“ß¢Õß HG ∑’Ë‰¥â®“°‡Õ° “√Õâ“ßÕ‘ß·≈–°“√§”π«≥

4 - - - 682.58 682.44 0.02 - - -

5 - - - 838.47 893.32 -0.10 - - -

6 1,000.00 1,005.40 0.54 994.79 994.32 0.05 - - -

7 - - - 1,151.02 1,151.19 -0.02 - - -

8 1,313.00 1,314.93 0.15 1,307.17 1,308.07 -0.07 - - -

9 - - - 1,463.61 1,464.94 -0.09 - - -

10 1,625.00 1,624.45 -0.03 1,619.67 1,619.95 -0.02 - - -

12 1,940.00 1,933.97 0.31 1,932.38 1,933.69 -0.07 1,899 1,893.86 0.27

14 2,254.00 2,243.50 0.47 - - - 2,202 2,204.30 -0.10

16 2,550.00 2,553.02 0.12 2,556.56 2,559.32 -0.11 2,512 2,516.79 -0.19

18 2,859.00 2,862.54 0.12 - - - 2,826 2,827.23 -0.04

20 3,170.00 3,172.00 0.07 - - - 3,138 3,137.67 0.01

22 3,481.00 3,481.59 0.02 - - - 3,453 3,450.15 0.08

®”π«π

§“√å∫Õπ

FAMEs n-paraffins n-alcohols

HG (Kcal/mol) HG (Kcal/mol) HG (Kcal/mol)

%∆HG
 ¡°“√∑’Ë

(18)

‡Õ° “√Õâ“ßÕ‘ß

À¡“¬‡≈¢ [15] %∆HG
 ¡°“√∑’Ë

(19)

‡Õ° “√Õâ“ßÕ‘ß

À¡“¬‡≈¢ [15] %∆HG
 ¡°“√∑’Ë

(20)

‡Õ° “√Õâ“ßÕ‘ß

À¡“¬‡≈¢ [12]

5.  √ÿªº≈°“√«‘®—¬
 ¡°“√ ”À√—∫„™â∑”π“¬‡Õ°≈—°…≥å “√ ( ¡°“√∑’Ë 1)

 “¡“√∂π”¡“ª√–¬ÿ°µå„™â„π°“√§”π«≥§à“§«“¡√âÕπ¢Õß
°“√≈–≈“¬¢Õß “√°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å πÕ√å¡—≈
æ“√“øîπ·≈–πÕ√å¡—≈·Õ≈°ÕŒÕ≈å∑’Ë«‘‡§√“–Àå∫π·§æ‘≈≈“√’
§Õ≈—¡πå‰¥â ·≈–§à“§«“¡√âÕπ¢Õß°“√≈–≈“¬∑’Ë§”π«≥‰¥â¡’
§«“¡ —¡æ—π∏å‡ªìπ‡™‘ß‡ âπ°—∫§à“§«“¡√âÕπ¢Õß°“√‡º“‰À¡â

¢Õß “√„πÕπÿ°√¡‡¥’¬«°—π ¥—ßπ—Èπ®÷ß “¡“√∂„™â§«“¡
 —¡æ—π∏å‡ªìπ‡™‘ß‡ âπ∑’Ë‡°‘¥¢÷Èπ¡“„™â„π°“√∑”π“¬§à“§«“¡
√âÕπ¢Õß°“√‡º“‰À¡â¢Õß “√∑’ËÕ¬Ÿà„πÕπÿ°√¡‡¥’¬«°—π‰¥â
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