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·∫∫·°ä -¢Õß‡À≈«∑’Ë‡ πÕ‚¥¬ Krisnangkura ·≈–§≥– (Ink = a+bz+c/T+dz/T) ¡“∑”π“¬§à“‡«≈“§ß§â“ß (ª√‘¡“µ√
§ß§â“ß) ¢Õß “√πÕ√å¡—≈·Õ≈‡§π (C6-C12) ∑’Ë™–ÕÕ°®“°§Õ≈—¡πå Nucleosil ODS ∑’ËÕÿ≥À¿Ÿ¡‘√–À«à“ß 20-40 °´ ¡’§à“
§≈“¥‡§≈◊ËÕπ Ÿß ÿ¥ 0.01 π“∑’ À√◊Õ§‘¥‡ªìπ√âÕ¬≈– 0.19  ”À√—∫ “√πÕ√å¡—≈Õ—≈§‘≈-‡∫π´’π (C6-C12) ∑’Ë„™â«—Ø¿“§‡§≈◊ËÕπ∑’Ë
‡ªìπ “√≈–≈“¬√–À«à“ß‡¡∑“πÕ≈°—∫πÈ”Õ—µ√“ à«π 4:1 ·≈– 9:1 ™–ÕÕ°®“°§Õ≈—¡πå Hypersil C18 √–À«à“ßÕÿ≥À¿Ÿ¡‘
29.2 - 51 °´ æ∫«à“ §à“µ—«ª√–°Õ∫§ß§â“ß§≈“¥‡§≈◊ËÕπ Ÿß ÿ¥ 0.24 À√◊Õ§‘¥‡ªìπ√âÕ¬≈– 2.03 ·≈– 0.13 À√◊Õ§‘¥‡ªìπ
√âÕ¬≈– 2.85 µ“¡≈”¥—∫
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Solutes are separated in a reversed phase HPLC (RP-HPLC) according to their partitions between

stationary and mobile phases. The separation principle is very similar to that of gas liquid chromatography

(GLC). The difference is the mobile phases, where solvent (s) or liquid is used as the mobile phase in HPLC

while an inert gas is used as the mobile phase in GLC. Therefore, it is speculated that the equation proposed

by Krisnangkura et al (Ink = a+bz+c/T+dz/T) for predicting retention in GLC should be able to predict the

solutes retention times (or volumes) in RP-HPLC at different temperatures and flow rates.  For n-alkanes

(C6 – C12) eluted from Nuclosil ODS column between 20 -40 °C, the highest difference between the

experimental and predicted values was 0.01 min. or 0.19%. For n-alkyl benzenes eluted by methanol-water

(4:1 and 9:1 w/w) from Hypersil C18 column between 30 – 51 °C, the highest differences in k values were

0.242 or -2.03% and 0.131 or 2.85 %, respectively.

HPLC is more versatile than GLC in term of the selectivity of the mobile phases and they can be

tailored for the best separation of a mixture, but it is considered as a draw back in term of the prediction of

the solute retention time because the 4 column constants are changed as the mobile phase (or mobile phase

composition) is changed.
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1. ∫∑π”
°“√«‘‡§√“–Àå‡Õ°≈—°…≥å¢Õß “√„π·°ä ‚§√¡“‚µ°√“øï

(gas chromatography)  “¡“√∂∑”‰¥âÀ≈“¬«‘∏’¥â«¬ ‡™àπ
°“√‡ª√’¬∫‡∑’¬∫®“°§à“‡«≈“§ß§â“ß(retention time; tR) ·≈–
ª√‘¡“µ√§ß§â“ß (retention volume; VR) [1] À√◊Õ°“√„™â
§à“§ß§â“ß —¡æ—∑∏å (relative retention; α) ‡∑’¬∫°—∫ “√
Õâ“ßÕ‘ß «‘∏’‡À≈à“π’È‡ªìπ«‘∏’∑’Ëßà“¬·µà®–¡’¢âÕ®”°—¥À≈“¬ª√–°“√
·≈–°“√„™â§à“¥—™π’§ß§â“ß (retention index; I) [2] ®–„™â
‡æ’¬ß “√À¡ŸàÕπÿ°√¡øíß°å™—ππÕ√å¡—≈·Õ≈‡§π‡ªìπ “√Õâ“ßÕ‘ß
«‘∏’π’È‡ªìπ∑’Ë¬Õ¡√—∫«à“¡’§«“¡·¡àπ¬” Ÿß ·µà°Á¬—ß‰¡à –¥«°
µàÕ°“√π”‰ª„™âß“π ‡π◊ËÕß®“°µâÕß©’¥ “√Õâ“ßÕ‘ß√à«¡°—∫
 “√µ—«Õ¬à“ß∑ÿ°§√—Èß∑’Ë«‘‡§√“–Àå µàÕ¡“„πªï §.». 1997

Krisnangkura ·≈–§≥– [3] ‰¥â‡ πÕ ¡°“√∑”π“¬°“√
‡§≈◊ËÕπ∑’Ë¢Õß “√„π·°ä ‚§√¡“‚µ°√“øï·∫∫·°ä ¢Õß‡À≈«
(gas liquid chromatography; GLC) ‚¥¬‰¡à„™â “√Õâ“ßÕ‘ß
«‘∏’π’È “¡“√∂π”¡“„™â„π°“√∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√
·≈–«‘‡§√“–Àå‡Õ°≈—°…≥å “√‰¥âÕ¬à“ß∂Ÿ°µâÕß·≈–√«¥‡√Á«

 ¡°“√∑”π“¬°“√‡§≈◊ËÕπ∑’Ë¢Õß “√π’È‰¥â®“°°“√‚¬ß
§«“¡ —¡æ—π∏å√–À«à“ß§à“‡«≈“§ß§â“ß (retention time; tR)
·≈–®”π«π§“√å∫Õπ (carbon number; z) °—∫§ÿ≥ ¡∫—µ‘
∑“ßÕÿ≥Àæ≈»“ µ√å¢Õß°“√∂à“¬‡∑ “√√–À«à“ß«—Ø¿“§
‡§≈◊ËÕπ∑’Ë (mobile phase) ·≈–«—Ø¿“§π‘Ëß (stationary
phase) ¡“„™â∑”π“¬°“√‡§≈◊ËÕπ∑’Ë¢Õß “√„π GLC ¥—ß
 ¡°“√∑’Ë (1)
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‡¡◊ËÕ ∆H0 ·≈– ∆S0 §◊Õ §à“‡Õπ∑—≈ªï·≈–§à“‡Õπ‚∑√ªï
¡“µ√∞“π¢Õß°“√∂à“¬‡∑ “√ ¡¡ÿµ‘„πÀ¡ŸàÕπÿ°√¡∑’Ë¡’
®”π«π§“√å∫Õπ‡ªìπ»Ÿπ¬å (À√◊ÕÀ¡Ÿàøíß°å™—π¢Õß “√µ—«Õ¬à“ß)

δH ·≈– δS §◊Õ§“‡Õπ∑—≈ªï·≈–§“‡Õπ‚∑√ªï∑’Ë
‡ª≈’Ë¬π‰ªµÕÀπ÷ËßÕ–µÕ¡§“√å∫Õπ

β  §◊Õ Õ—µ√“ à«πª√‘¡“µ√«—Ø¿“§‡§≈◊ËÕπ∑’ËµàÕ«—Ø¿“§
π‘Ëß

R  §◊Õ §à“§ß∑’Ë¢Õß·°ä  (1.987 ·§≈Õ√’/‚¡≈ ‡§≈«‘π)
T  §◊Õ Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå (‡§≈«‘π; K)
tM §◊Õ §à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß (hold-up

time)
‡∑§π‘§‚§√¡“‚µ°√“øï¢Õß‡À≈« ¡√√∂π– Ÿß·∫∫

√’‡«Õ√å ‡ø  (reversed phase high performance
liquid chromatography; RP-HPLC) ∂Ÿ°π”¡“„™â
°—πÕ¬à“ß·æ√àÀ≈“¬„πß“π·¬°«‘ ‡§√“–Àå‡Õ°≈—°…≥å
(qualitative analysis) ·≈–°“√«‘‡§√“–Àå‡™‘ßª√‘¡“≥
(quantitative analysis) ¢Õß “√µà“ßÊ ∑—Èß∑“ß¥â“π
‡¿ —™°√√¡ ™’«‡§¡’ ‡§¡’ °“√·æ∑¬å ‡°…µ√ Õ“À“√·≈–Õ◊ËπÊ

(1)

´÷Ëß RP-HPLC ¡’§«“¡‡À¡“– ¡ ”À√—∫·¬° “√∑’Ë‰¡à
‡ ∂’¬√µàÕ§«“¡√âÕπ À√◊Õ√–‡À¬°≈“¬‡ªìπ‰Õ¬“° [4]

°“√·¬° “√„π RP-HPLC Õ“»—¬À≈—°°“√·¬° “√
¥â«¬°“√·∫àß≈–≈“¬ (partition) ¢Õß “√√–À«à“ß«—Ø¿“§
‡§≈◊ËÕπ∑’Ë°—∫«—Ø¿“§π‘Ëß‡™àπ‡¥’¬«°—π°—∫„π GLC ·µà®–·µ°
µà“ß°—π∑’Ë«—Ø¿“§‡§≈◊ËÕπ∑’Ë∑’Ë„™âπ—Èπ‡ªìπ¢Õß‡À≈« ´÷Ëß„π∑“ß
Õÿ≥Àæ≈»“ µ√å‡¡◊ËÕæ‘®“√≥“∂÷ß ¡¥ÿ≈¬¿“æ¢Õß‚§√¡“
‚µ°√“øï ®–æ‘®“√≥“∑’Ë ¿“«– ¡¥ÿ≈¬¿“æ¢Õß “√∑—ÈßÀ¡¥
„π‚´πÀπ÷ËßÊ ¢Õß√–∫∫‡∑à“π—Èπ ¥—ßπ—Èπ∂â“π” ¡°“√∑’Ë (1)
¡“„™â∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√„π RP-HPLC
¥â«¬‡Àµÿº≈∑’Ë«à“ ¡°“√∑’Ë  (1) Õ“»—¬À≈—°°“√∑“ß
Õÿ≥Àæ≈»“ µ√å ¢Õß°“√≈–≈“¬¢Õß “√√–À«à“ß«—Ø¿“§
‡§≈◊ËÕπ∑’Ë°—∫«—Ø¿“§π‘Ëß¡“„™â∑”π“¬°“√‡§≈◊ËÕπ∑’Ë¢Õß “√
πà“®–‡ªìπ‰ª‰¥â ¥—ß®–‡ÀÁπ‰¥â®“°°“√‡™◊ËÕ¡‚¬ß§«“¡
 —¡æ—π∏å√–À«à“ß°“√‡§≈◊ËÕπ∑’Ë¢Õß “√„π RP-HPLC °—∫
æ“√“¡‘‡µÕ√åµà“ßÊ ∑“ßÕÿ≥Àæ≈»“ µ√å „πªï §.». 1980 Vigh
·≈– Varga [5] »÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ°“√·¬°¢Õß “√
„π RP-HPLC ¥â«¬§Õ≈—¡πå Micropak CH-10 ·≈–
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Nucleosil C18 ¡’ n-alkanols, n-alkanal dinitrophenyl
hydrazones ·≈– n-alkanone dinitrophenyl
hydrazones ‡ªìπ “√µ—«Õ¬à“ß ·≈–„™â‡¡∑“πÕ≈‡ªìπ
«—Ø¿“§‡§≈◊ËÕπ∑’Ë æ∫«à“ §«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß§à“
log k °—∫ 1/T §à“ log k °—∫ z §à“ -∆H0 °—∫ z ·≈–§à“ log

k °—∫ -∆H0 ¡’§«“¡ —¡æ—π∏å‡ªìπ‡ âπµ√ß π—Ëπ§◊Õ §à“µ—«
ª√–°Õ∫§ß§â“ß (k) ‡ªìπøíß°å™—π∑—ÈßÕÿ≥À¿Ÿ¡‘·≈–®”π«π
§“√å∫Õπ

¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ßµ—Èß ¡¡ÿµ‘∞“π«à“ ¡°“√∑”π“¬
°“√‡§≈◊ËÕπ∑’Ë¢Õß “√∑’Ë‡ πÕ‚¥¬ Krisnangkura ·≈–§≥–
[3]  “¡“√∂π”¡“„™â„π°“√∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√„π
RP-HPLC ‰¥â∂Ÿ°µâÕß·¡àπ¬”‡™àπ‡¥’¬«°—π°—∫ GLC

2. ∑ƒ…Æ’°“√‡§≈◊ËÕπ∑’Ë¢Õß “√„π GLC
°“√‡§≈◊ËÕπ∑’Ë¢Õß‚¡‡≈°ÿ≈„π‚§√¡“‚µ°√“øïπ—Èπ “¡“√∂

«‘‡§√“–Àå„π‡∑Õ¡¢ÕßÕÿ≥Àæ≈»“ µ√å (thermodynamics)
[6] ¥—ß ¡°“√∑’Ë (2) §◊Õ

(2)

‚¥¬∑’Ë k §◊Õµ—«ª√–°Õ∫§ß§â“ß (retention factor) ¢Õß
 “√¡’§à“‡∑à“°—∫

(3)

·≈– tR ‡ªìπ§à“‡«≈“§ß§â“ß¢Õß “√ (retention time) tM
‡ªìπ§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß (hold-up time) R ‡ªìπ
§à“§ß∑’Ë¢Õß·°ä  T ‡ªìπÕÿ≥À¿Ÿ¡‘§Õ≈—¡πå (‡§≈«‘π; K) ·≈–
β ‡ªìπÕ—µ√“ à«π¢Õß «—Ø¿“§‡§≈◊ËÕπ∑’ËµàÕ«—Ø¿“§π‘Ëß ∆G0

‡ªìπ§à“æ≈—ßß“πÕ‘ √–¡“µ√∞“π¢Õß°“√≈–≈“¬ (free
energy of solution) ¢Õß “√„πÕπÿ°√¡øíß°å™—π‡¥’¬«°—π
°—∫ “√„¥Ê ́ ÷Ëß¡’§«“¡ —¡æ—π∏å‡™‘ß‡ âπ°—∫º≈µà“ß¢Õß§à“ ∆H0

(§à“‡Õπ∑—≈ªï¡“µ√∞“π¢Õß°“√≈–≈“¬; standard enthalpy
of solution) ·≈–§à“ ∆S0 (§à“‡Õπ‚∑√ªï¡“µ√∞“π¢Õß
°“√≈–≈“¬; standard entropy of solution) §◊Õ

(4)

 ”À√—∫ “√πÕ√å¡—≈·Õ≈‡§π§«“¡ —¡æ—π∏å¢Õß§à“æ≈—ßß“π
Õ‘ √–¡“µ√∞“π¢Õß°“√≈–≈“¬ “¡“√∂‡¢’¬π‰¥â‡ªìπ

(5)

‚¥¬∑’Ë ∆G0 ‡ªìπ§à“æ≈—ßß“πÕ‘ √–∑’Ë‡°‘¥®“°À¡Ÿàøíß°å™—π
(functional group) §à“ δG ‡ªìπ§à“æ≈—ßß“πÕ‘ √–∑’Ë
‡ª≈’Ë¬π‰ªµàÕÀπ÷ËßÀ¡Ÿà‡¡∑‘≈’π (methylene group) ·≈– z

‡ªìπ®”π«π§“√å∫ÕπÕ–µÕ¡„π‚¡‡≈°ÿ≈ ‡¡◊ËÕ·∑π§à“ ¡°“√
∑’Ë (4) ≈ß„π ¡°“√∑’Ë (5) ®–‰¥â
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À√◊Õ  (1)

Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå 20-40 °´  ”À√—∫ “√¡“µ√∞“π
πÕ√å¡—≈·Õ≈‡§π (C6-C12) ·≈– 29.2 - 51 °´  ”À√—∫
 “√πÕ√å¡—≈·Õ≈§‘≈‡∫π´’π

3.3 °“√À“§à“§ß∑’Ë a , b, c ·≈– d ¢Õß§Õ≈—¡πå
§à“§ß∑’Ë∑—Èß ’Ë (a, b, c ·≈– d) ¢Õß§Õ≈—¡πåÀ“

µ“¡«‘∏’¢Õß Krisnangkura ·≈– §≥–(1997) [3] ‚¥¬
°“√©’¥ “√¡“µ√∞“ππÕ√å¡—≈·Õ≈‡§π (C6-C12) ∑’ËÕÿ≥À¿Ÿ¡‘
§ß∑’Ë 20-40 °´ Àà“ß°—π™à«ß≈– 5 °´

‡¡◊ËÕ°Ì“Àπ¥„Àâ®”π«π§“√å∫Õπ (z) §ß∑’Ë  ¡°“√∑’Ë (1) ®–
≈¥√Ÿª≈ß‡À≈◊Õ

(10)

‚¥¬∑’Ë (11)

(12)

‡¡◊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

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

(13)

‚¥¬∑’Ë (14)

(15)

 ¡°“√∑’Ë (1) À√◊Õ (9) ‡ªìπ ¡°“√∑’Ë‚¬ß§«“¡ —¡æ—π∏å
√–À«à“ß‡«≈“§ß§â“ßÀ√◊Õµ—«ª√–°Õ∫§ß§â“ß°—∫æ“√“¡‘‡µÕ√å
∑“ßÕÿ≥Àæ≈»“ µ√å ´÷Ëß∂Ÿ°π”¡“„™â∑”π“¬°“√‡§≈◊ËÕπ∑’Ë
¢Õß “√·≈–„™â«‘‡§√“–Àå‡Õ°≈—°…≥å “√„π GLC ‰¥â·¡àπ¬”

À“°°“√Õπÿ‚≈¡„Àâπ”∑ƒ…Æ’∑“ß GLC ¡“„™â°—∫
RP-HPLC ‰¥â  ¡°“√∑’Ë (1) À√◊Õ (9) πà“®–„™â∑”π“¬°“√
‡§≈◊ËÕπ∑’Ë¢Õß “√„π RP-HPLC ‰¥â·¡àπ¬”‡™àπ°—π

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

 “√µ—«Õ¬à“ß∑’Ë„™â„π°“√∑¥≈Õß ‰¥â·°à  “√
πÕ√å¡—≈·Õ≈‡§π (n-alkane; C6-C12) ·≈– “√
πÕ√å¡—≈Õ—≈§‘≈‡∫π´’π (n-alkyl benzenes; C6-C12) ‡ªìπ
 “√¡“µ√∞“π®“°∫√‘…—∑´‘°¡“‡§¡‘§Õ≈ ( À√—∞Õ‡¡√‘°“)
§Õ≈—¡πå·∫∫√’‡«Õ√å ‡ø  ‰¥â·°à §Õ≈—¡πå Nucleosil ODS
(250 x 4 ¡.) ®“°∫√‘…—∑ Macherey-Nagel (‡¬Õ√¡—π)
·≈–§Õ≈—¡πå Hypersil C18 (500 x 41 ¡.) ®“°∫√‘…—∑
Shandon, Runcorn, Great Britain

3.2 ‚§√¡“‚µ°√“øï¢Õß‡À≈« ¡√√∂π– Ÿß
‡§√◊ËÕß‚§√¡“‚µ°√“øï¢Õß‡À≈« ¡√√∂π– Ÿß

(HPLC) ª√–°Õ∫¥â«¬ six port injector Model 7125
¢Õß∫√‘…—∑ Rheodyne Incorporated (Cotati, CA) ªíô¡
Model 510 ¢Õß∫√‘…—∑ Waters Associate ( À√—∞Õ‡¡√‘°“)
‡§√◊ËÕßµ√«®«—¥·∫∫¡“µ√«—¥¥—™π’À—°‡À (Refractive index
detector) √ÿàπ LCD 200 ¢Õß∫√‘…—∑ PerkinElmer LAS
(‡¬Õ√¡—π) µàÕæà«ß°—∫‡§√◊ËÕßª√–¡«≈º≈ CR6A ¢Õß∫√‘…—∑
Shimadzu (≠’ËªÿÉπ) °“√·¬°«‘‡§√“–Àå “√∑”‚¥¬©’¥ “√
µ—«Õ¬à“ß 5 ‰¡‚§√≈‘µ√‡¢â“§Õ≈—¡πå·∫∫√’‡«Õ√å ‡ø  Õ—µ√“
°“√‰À≈¢Õß‡¡∑“πÕ≈ 1 ¡./π“∑’ (µ—«™–, «—Ø¿“§‡§≈◊ËÕπ∑’Ë)

T

z

T
z

t

tt dc
baln

M

MR
+++=













 −

‚¥¬     lnβ 
R

a
0

−=
∆S

,
R

b
S

= ,
R

c
0

H∆
−=     ·≈–  

R
d

H
−=

δ δ

T
k

b'
a'ln +=

zbaa′ +=

zdcb′ +=

zk b″a″ln +=

T

c
aa″ +=

T

d
bb″ +=



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 31 ©∫—∫∑’Ë 1 ¡°√“§¡-¡’π“§¡ 255198

‡¡◊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

Õ¬à“ß‰√°Áµ“¡§à“§ß∑’Ë∑—Èß ’Ë “¡“√∂§”π«≥§à“‰¥âßà“¬
‚¥¬·∑π§à“‡«≈“§ß§â“ß Õÿ≥À¿Ÿ¡‘ ·≈–®”π«π§“√å∫Õπ∑’Ë
‰¥â„ à≈ß„π Microsoft Excel (version 8.0) ¥—ß· ¥ß‰«â
„πº≈°“√∑¥≈Õßµ“√“ß∑’Ë 1

4. º≈°“√∑¥≈Õß·≈–Õ¿‘ª√“¬º≈
4.1 §à“§ß∑’Ë¢Õß§Õ≈—¡πå

§à“§ß∑’Ë∑—Èß ’Ë (a, b, c ·≈– d) ¢Õß§Õ≈—¡πå‰¥â®“°
°“√π”§à“‡«≈“§ß§â“ß¢Õß “√πÕ√å¡—≈·Õ≈‡§π∑’Ë¡’®”π«π
§“√å∫Õπ 6 -12 Õ–µÕ¡ ·¬°∫π§Õ≈—¡πå Nucleosil ODS
µ√«®«—¥¥â«¬§à“¥—™π’À—°‡À “√ ∑’Ë ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ëµ—Èß·µà
20-40 °´ „™â‡¡∑“πÕ≈‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’ËÕ—µ√“°“√‰À≈
1 ¡≈./π“∑’ ¡“‡¢’¬π°√“ø≈Õ°“√‘∑÷¡ ∏√√¡™“µ‘¢Õß
µ—«ª√–°Õ∫§ß§â“ß¢Õß “√∑’Ë®”π«π§“√å∫Õπµà“ßÊ °—∫
®”π«π§“√å∫Õπ·≈– à«π°≈—∫Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå¥—ßµ“√“ß∑’Ë 1
´÷Ëß§à“§ß∑’Ë∑—Èß ’Ë (a, b, c ·≈– d) ¢Õß§Õ≈—¡πå∑’Ë‰¥â®“°∑—Èß
 Õß«‘∏’®–„Àâ§à“‡∑à“°—π

µ“√“ß∑’Ë 1 §à“≈Õ°“√‘∑÷¡∏√√¡™“µ‘¢Õßµ—«ª√–°Õ∫§ß§â“ß (lnk) ¢Õß “√πÕ√å¡—≈·Õ≈‡§π (C6-C12)

∑’Ë·¬°∫π§Õ≈—¡πå Nucleosil ODS (250 x 4 ¡¡.) „™â‡¡∑“πÕ≈‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë

Õ—µ√“°“√‰À≈ 1 ¡≈./π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 20-40 °´

Natural logarithm of retention factor (Ink)

20 °°°°°C 25 °°°°°C 30 °°°°°C 35 °°°°°C 40 °°°°°C

3.413* 3.356* 3.300* 3.247* 3.195*

z
intercept

(a′)

slope

(b″)
R2

6 -0.636 -0.657 -0.678 -0.692 -0.707 -1.755 327.48 0.9972

7 -0.448 -0.475 -0.504 -0.525 -0.546 -1.994 452.65 0.9985

8 -0.258 -0.293 -0.327 -0.355 -0.382 -2.208 570.89 0.9990

9 -0.069 -0.110 -0.151 -0.187 -0.220 -2.436 693.24 0.9995

10 0.121 0.072 0.024 -0.017 -0.056 -2.664 815.51 0.9994

11 0.311 0.255 0.200 0.152 0.107 -2.891 937.35 0.9996

12 0.499 0.436 0.375 0.319 0.268 -3.119 1059.27 0.9997

Intercept -1.772 -1.750 -1.732 -1.706 -1.684 -0.401 -402.10 0.9979
(a″) a c

slope 0.189 1.182 0.176 0.169 0.163 -0.226 121.76 0.9999
(b″) b d

R2 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

* 1/Tx10-3 (K-1)

·∑π§à“ a, b, c ·≈– d ≈ß„π ¡°“√∑’Ë (1) ®–‰¥â

(16)
T

z

T
zk

121.76402.10
0.2260.401ln +−−−=
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‡¡◊ËÕπ” ¡°“√∑’Ë (16) π’È‰ª∑”π“¬§à“‡«≈“§ß§â“ß “√∑’Ë™–
ÕÕ°®“°§Õ≈—¡πå Nucleosil ODS ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ „Àâº≈
¥—ß· ¥ß„πµ“√“ß∑’Ë 2 º≈°“√∑”π“¬§à“‡«≈“§ß§â“ß„Àâ§à“
§≈“¥‡§≈◊ËÕπ Ÿß ÿ¥ 0.01 π“∑’ À√◊Õ§‘¥‡ªìπ√âÕ¬≈– 0.19 π—Ëπ
§◊Õ RP-HPLC  “¡“√∂„™â∑ƒ…Æ’°“√∑”π“¬°“√‡§≈◊ËÕπ∑’Ë
¢Õß “√¢Õß GLC ∑’Ë‡ πÕ‚¥¬ Krisnangkura ·≈–§≥–
[3] ‰¥â ·µà∑—Èßπ’È¢÷ÈπÕ¬Ÿà°—∫§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß∑’Ë
π”¡“„™âµâÕß¡’§«“¡∂Ÿ°¥â«¬

4.2 º≈¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’ËµàÕ§à“§ß∑’Ë¢Õß§Õ≈—¡πå
§à“§ß∑’Ë∑—Èß ’Ë (a, b, c ·≈– d) ¢Õß§Õ≈—¡πå®–‡ªìπ

§à“‡©æ“–µ—«¢Õß “√„πÀ¡ŸàÕπÿ°√¡øíß°å™—πÀπ÷ËßÊ °—∫
«—Ø¿“§π‘ËßÀπ÷ËßÊ ‡∑à“π—Èπ ´÷Ëß„π GLC ®“°°“√»÷°…“ªí®®—¬
µà“ßÊ æ∫«à“§«“¡¬“«§Õ≈—¡πå‰¡à¡’º≈µàÕ§à“§ß∑’Ë∑—Èß ’Ë¢Õß
§Õ≈—¡πå [7] ·µà¢π“¥‡ âπºà“»Ÿπ¬å°≈“ßπ—Èπ®–¡’º≈µàÕ§à“ a

‡∑à“π—Èπ À“°∑√“∫§à“ β °Á “¡“√∂ª√—∫·°â§à“ a „Àâ∂Ÿ°µâÕß

‰¥â [8] «—Æ¿“§‡§≈◊ËÕπ∑’Ë„π GLC ¡—°‰¡à‡ª≈’Ë¬π  à«πÕ—µ√“
°“√‰À≈°Á‰¡à¡’º≈µàÕ§à“µ—«ª√–°Õ∫§ß§â“ß ¥—ßπ—Èπ §à“§ß∑’Ë
∑—Èß ’Ë„π GLC  ®÷ß‰¡à‡ª≈’Ë¬π ·µà ”À√—∫ RP-HPLC
«—Ø¿“§‡§≈◊ËÕπ∑’Ë‡ªìπ¢Õß‡À≈«·≈–¡’°“√‡ª≈’Ë¬π™π‘¥¢Õß
«—Ø¿“§‡§≈◊ËÕπ∑’Ë∫àÕ¬Ê ‡æ◊ËÕ„Àâ°“√·¬° “√‰¥â¥’ ´÷Ëß«—Ø¿“§
‡§≈◊ËÕπ∑’Ëπ’È¡’§«“¡ ”§—≠µàÕ°“√§ß§â“ß¢Õß “√µ—«Õ¬à“ß
Õ¬à“ß¡“°Ê πà“®– àßº≈„Àâ§à“§ß∑’Ë∑—Èß ’Ë (a, b, c ·≈– d)
¢Õß§Õ≈—¡πåπ—Èπ‡ª≈’Ë¬π·ª≈ßµ“¡™π‘¥«—Ø¿“§‡§≈◊ËÕπ∑’Ë
¥—ß‡™àπ§à“§ß∑’Ë∑—Èß ’Ë (a, b, c ·≈– d) ¢Õß§Õ≈—¡πå Hypersil
C18 (500 x 41 ¡¡.) „π°“√·¬° “√πÕ√å¡—≈·Õ≈§‘≈‡∫π
´’π  ∑’Ë ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ëµ—Èß·µà 29.2 - 51 °´ ‚¥¬¡’
‡¡∑“πÕ≈°—∫πÈ”‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë Õ—µ√“ à«π 4:1 ®–¡’
§à“§ß∑’Ë∑—Èß ’Ë¥—ß ¡°“√∑’Ë (17) ‡¡◊ËÕ‡ª≈’Ë¬π«—Ø¿“§‡§≈◊ËÕπ∑’Ë
‡ªìπ‡¡∑“πÕ≈°—∫πÈ”∑’ËÕ—µ√“ à«π 9:1 §à“§ß∑’Ë∑—Èß ’Ë®–
‡ª≈’Ë¬π‰ª¥—ß ¡°“√∑’Ë (18)

°“√∑’ËÕ—µ√“ à«π¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë‡ª≈’Ë¬π‰ª¡’º≈„Àâ§à“
§ß∑’Ë∑—Èß ’Ë (a, b, c ·≈– d) ¢Õß§Õ≈—¡πå‡ª≈’Ë¬π‰ªπ—Èπ ‡°‘¥
®“°°“√∂à“¬‡∑¡«≈√–À«à“ß«—Ø¿“§‡§≈◊ËÕπ∑’Ë°—∫«—Ø¿“§π‘Ëß
π—Ëπ§◊Õ  “√‡°‘¥°“√·∫àß≈–≈“¬√–À«à“ß«—Ø¿“§‡§≈◊ËÕπ∑’Ë∑’Ë¡’
πÈ”„π√–∫∫¡“° (4:1) ‰¥âπâÕ¬°«à“„π«—Ø¿“§π‘Ëß ´÷Ëß∑”„Àâ
 “√‡°‘¥°“√§ß§â“ßÕ¬Ÿà„π§Õ≈—¡πåπ“π ·≈– “√∂Ÿ°™–ÕÕ°
®“°§Õ≈—¡πå‰¥â™â“°«à“«—Ø¿“§‡§≈◊ËÕπ∑’Ë∑’Ë¡’πÈ”„π√–∫∫πâÕ¬°«à“
(9:1)

·≈–‡¡◊ËÕπ” ¡°“√∑’Ë (17) ·≈– (18) ‰ª∑”π“¬§à“µ—«
ª√–°Õ∫§ß§â“ß “√∑’Ë™–ÕÕ°®“°§Õ≈—¡πå Hypersil C18 ∑’Ë

(17)

(18)

T

z

T
zk

214.72545.07
0.3122.477ln ++−−=

T

z

T
zk

151.06379.98
0.2162.491ln ++−−=

Õÿ≥À¿Ÿ¡‘µà“ßÊ „Àâº≈¥—ß· ¥ß„πµ“√“ß∑’Ë 3 ·≈– 4 º≈
°“√∑”π“¬„Àâ§à“§≈“¥‡§≈◊ËÕπ Ÿß ÿ¥§‘¥‡ªìπ 0.24 À√◊Õ√âÕ¬
≈– 2.03 ·≈– 0.13 À√◊Õ√âÕ¬≈– 2.85 µ“¡≈”¥—∫ ´÷Ëß
∂◊Õ«à“ ¡°“√¡’§«“¡·¡àπ¬”‡™àπ°—π πÕ°®“°π’È¬—ß· ¥ß«à“
§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß∑’Ëπ”¡“„™â„π°“√À“§à“µ—«
ª√–°Õ∫§ß§â“ß¡’§«“¡∂Ÿ°µâÕß ·≈–®“°°“√∑¥≈Õßæ∫«à“
§à“µ—«ª√–°Õ∫§ß§â“ß¢Õß “√πÕ√å¡—≈Õ—≈‡§‘≈‡∫π ’́π®–¡’
§à“‡æ‘Ë¡¢÷Èπµ“¡§«“¡¬“«§“√å∫Õπ ·≈–¡’§à“≈¥≈ß‡¡◊ËÕ
Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ [9]
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Peterson ·≈– Hirsch [18] ‰¥â·°â ¡°“√ (19) π’È
‚¥¬„™â “√À¡ŸàÕπÿ°√¡øíß°å™—π¢Õß “√πÕ√å¡—≈·Õ≈‡§π 3 µ—«
 ÿ¥∑â“¬∑’Ë¡’®”π«π§“√å∫Õπ‡ªìπ z, z+1 ·≈– z+2 ¥—ß
 ¡°“√∑’Ë (20)

(20)

Berendsen [15] À“§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß®“°
°“√‡¢’¬π°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“‡«≈“§ß§â“ß
¢Õß sub sequent homologues (t(z) °—∫ t(z+1)) ´÷Ëß¡’
§«“¡ —¡æ—π∏å°—∫π‘¬“¡¢Õß§à“ —¡ª√– ‘∑∏‘Ï°“√·¬° ¥—ß
 ¡°“√∑’Ë (21) «‘∏’π’Èπ‘¬¡„™â°—π¡“°„π°“√À“§à“‡«≈“§ß§â“ß
¢Õß “√‰¡à§ß§â“ß „π HPLC

(21)

 à«π Guardino ·≈–§≥– [10] §”π«≥À“§à“‡«≈“§ß§â“ß
¢Õß “√‰¡à§ß§â“ß‚¥¬„™â§Õ¡æ‘«‡µÕ√å§”π«≥´È” (iterative
method) ‚¥¬°“√ ¡¡ÿµ‘§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß
‡æ◊ËÕ‡¢’¬π°√“ø‡ âπµ√ß√–À«à“ß§à“≈ÁÕ°“√‘∑÷¡∏√√¡™“µ‘
¢Õßµ—«ª√–°Õ∫§ß§â“ß¢Õß “√¡“µ√∞“ππÕ√å¡—≈·Õ≈‡§π
°—∫®”π«π§“√å∫Õπ¥—ß ¡°“√∑’Ë (22) ‚¥¬§àÕ¬Ê ·ª√§à“
‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß®π°√–∑—Ëß‰¥â§à“‡«≈“§ß§â“ß
¢Õß “√‰¡à§ß§â“ß∑’Ë∑”„Àâ ¡°“√∑’Ë (22) ¡’§«“¡‡ªìπ‡ âπ
µ√ß¡“°∑’Ë ÿ¥ «‘∏’π’È„™â°—π¡“°„π GLC ·µà¬—ß‰¡à¡’ºŸâ„¥π”¡“
„™â„π HPLC °“√»’°…“π’È‰¥âπ”«‘∏’¢Õß Guardino ·≈–§≥–
[10] ¡“„™â„π°“√§”π«≥À“§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß

§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß∑’Ë§”π«≥®“°∑—Èß “¡
 ¡°“√®–„Àâ§à“·µ°µà“ß°—π º≈· ¥ß¥—ßµ“√“ß∑’Ë 5

(22)

4.3 §«“¡ ”§—≠¢Õß§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß
§â“ßµàÕº≈°“√∑”π“¬
¥—ß∑’Ë°≈à“«¡“¢â“ßµâπ«à“§«“¡·¡àπ¬”¢Õß ¡°“√

∑”π“¬°“√‡§≈◊ËÕπ∑’Ë¢Õß “√∑’Ë‡ πÕ‚¥¬ Krisnangkura ·≈–
§≥– [3] ®–¢÷ÈπÕ¬Ÿà°—∫§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß¥â«¬
π—Èπ ‡π◊ËÕß®“°§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß¡’§«“¡
 ”§—≠„π°“√π”‰ª„™â§”π«≥§à“µ—«ª√–°Õ∫§ß§â“ß (k) §à“
ª√– ‘∑∏‘¿“æ°“√·¬° (separation factor; α) ·≈–§à“
Õ”π“®°“√·¬° (resolution; RS)[12] ∂â“§à“‡«≈“§ß§â“ß
¢Õß “√‰¡à§ß§â“ßº‘¥æ≈“¥®–∑”„Àâ°“√§”π«≥‡«≈“§ß
§â“ß “√º‘¥æ≈“¥ π—Ëπ§◊Õ º≈°“√§”π«≥À“§à“§ß∑’Ë∑—Èß ’Ë
(a, b, c ·≈– d) ¢Õß§Õ≈—¡πå‡°‘¥§«“¡º‘¥æ≈“¥  àßº≈
„Àâ°“√∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√‡°‘¥§«“¡§≈“¥‡§≈◊ËÕπ
·≈–°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√‰¡à·¡àπ¬”

°“√À“§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß„π RP-
HPLC ¡’À≈“¬«‘∏’ ‡™àπ °“√„™â‡«≈“§ß§â“ß¢Õß‡°≈◊Õ “√
Õ‘π∑√’¬å·≈–Õπ‘π∑√’¬å (inorganic and organic salts) [13]
À√◊Õ  “√‚¡‡≈°ÿ≈¢π“¥‡≈Á°Ê (unrestrained neutral
marker) [14] ‡ªìπ‡«≈“¢Õß “√‰¡à§ß§â“ß «‘∏’π’È¡’¢âÕ®”°—¥
„π°“√π”¡“„™âß“π§◊Õ®–µâÕß·πà„®«à“ “√∑’Ëπ”¡“π—Èπ‰¡à§ß
§â“ß„π§Õ≈—¡πå µàÕ¡“‰¥â¡’°“√π” ¡°“√∑“ß§≥‘µ»“ µ√å
¡“„™â ´÷Ëß«‘∏’π’È®–¢÷ÈπÕ¬Ÿà°—∫§«“¡ —¡æ—π∏å‡™‘ß‡ âπ¢Õß “√„π
À¡ŸàÕπÿ°√¡øíß°å™—π (linearization of solutes for homolo-
gous series) °—∫®”π«π§“√å∫Õπ [5, 15, 16] §«“¡
 —¡æ—π∏å‡™‘ß‡ âππ’È‡ªìπ‰ªµ“¡ ¡°“√¢Õß Martin [17] ¥—ß
 ¡°“√∑’Ë (19)
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§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß∑’Ë§”π«≥‰¥â¥â«¬«‘∏’¢Õß
Guardino ·≈–§≥– [10] ‡¡◊ËÕ π”¡“§”π«≥À“§à“§ß∑’Ë∑—Èß ’Ë
(a, b, c ·≈– d) ¢Õß§Õ≈—¡πå Nucleosil ODS º≈· ¥ß
¥—ßµ“√“ß∑’Ë 1 ·≈– ¡°“√∑’Ë (16) ·≈–®“°¢âÕ¡Ÿ≈¢Õß Möckel
[11] π’È À“°„™â‡«≈“§ß§â“ß¢Õß “√‰¡à§â“ß§â“ß∑’ËÀ“‰¥âµ“¡

«‘∏’¢Õß Peterson ·≈– Hirsch [18] ·≈– Berendsen
[15] ¡“§”π«≥À“§à“§ß∑’Ë∑—Èß ’Ë (a, b, c ·≈– d) ¢Õß§Õ≈—¡πå
Nucleosil ODS æ∫«à“§à“§ß∑’Ë∑—Èß ’Ëπ’È‡ª≈’Ë¬π·ª≈ß‰ª¥—ß
 ¡°“√∑’Ë (23) ·≈– (24) µ“¡≈”¥—∫

µ“√“ß∑’Ë 5 · ¥ß§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß∑’Ë‰¥â®“°°“√§”π«≥∑“ß

§≥‘µ»“ µ√å ‚¥¬„™â¢âÕ¡Ÿ≈¢Õß Möckel [11]

Methods

tM(Peterson) Eq.20 2.027 1.990 1.898 1.914 1.934

tM(Berendsen) Eq.21 2.109  2.084 2.062 2.036 2.010

tM(Guradino et al.) Eq.22 2.117  2.094 2.070 2.044 2.018

Temperature (°°°°°C)

20 25 30 35 40

(23)

(24)

T

z

T
zk

125.73526.35
0.2500.233ln +−−=

T

z

T
zk

121.54401.10
0.2260.388ln +−−=

‡¡◊ËÕπ” ¡°“√∑’Ë (23) ·≈– (24) ‰ª∑”π“¬§à“‡«≈“§ß
§â“ß “√∑’Ë™–ÕÕ°®“°§Õ≈—¡πå Nucleosil ODS ·≈–
®”π«π§“√å∫Õπ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ „Àâº≈¥—ß· ¥ß„πµ“√“ß∑’Ë
6 7 ·≈– 8 ´÷Ëßº≈°“√∑”π“¬§à“‡«≈“§ß§â“ß∑’Ë„™â§à“‡«≈“
§ß§â“ß¢Õß “√‰¡à§ß§â“ß∑’Ë§”π«≥¥â«¬«‘∏’¢Õß Peterson
·≈– Hirsch [18] „Àâ§à“§≈“¥‡§≈◊ËÕπ Ÿß ÿ¥ 0.09 π“∑’ À√◊Õ
§‘¥‡ªìπ√âÕ¬≈– 2.94 ·≈–°“√∑”π“¬®”π«π§“√å∫Õπ„Àâ
§à“§≈“¥‡§≈◊ËÕπ Ÿß ÿ¥ 0.47 Õ–µÕ¡ ∂◊Õ«à“º≈°“√∑”π“¬
„Àâ§à“∑’Ë§≈“¥‡§≈◊ËÕπ Ÿß  à«πº≈°“√∑”π“¬§à“‡«≈“§ß§â“ß
∑’Ë„™â§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß∑’Ë§”π«≥¥â«¬«‘∏’¢Õß
Berendsen [15] „Àâ§à“§≈“¥‡§≈◊ËÕπ Ÿß ÿ¥ 0.01 π“∑’ À√◊Õ
§‘¥‡ªìπ√âÕ¬≈– 0.19 ·≈–°“√∑”π“¬®”π«π§“√å∫Õπ„Àâ
§à“§≈“¥‡§≈◊ËÕπ Ÿß ÿ¥ 0.03 Õ–µÕ¡ ∂◊Õ«à“ ¡°“√¡’§«“¡
·¡àπ¬” ·µà‡¡◊ËÕ‡∑’¬∫º≈°“√∑”π“¬°—∫ ¡°“√∑’Ë (16) ∑’Ë„™â
§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß∑’Ë§”π«≥¥â«¬«‘∏’¢Õß
Guardino ·≈–§≥– [10] º≈°“√∑”π“¬§à“‡«≈“§ß§â“ß
¢Õß “√‰¡à·µ°µà“ß°—π ·µàº≈°“√∑”π“¬®”π«π§“√å∫Õπ

¢Õß ¡°“√∑’Ë (16) „Àâ§à“§≈“¥‡§≈◊ËÕπ Ÿß ÿ¥ 0.02 Õ–µÕ¡
¥—ßπ—Èπ§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§â“ß§â“ß∑’Ëπ”¡“„™â®÷ß¡’
§«“¡ ”§—≠µàÕº≈°“√∑”π“¬Õ¬à“ß¡“°

5.  √ÿªº≈°“√∑¥≈Õß
 ¡°“√∑”π“¬°“√‡§≈◊ËÕπ∑’Ë¢Õß “√¢Õß GLC ∑’Ë‡ πÕ

‚¥¬ Krisnangkura ·≈–§≥– [3]   “¡“√∂π”¡“„™â„π
°“√∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√„π RP-HPLC ‰¥âÕ¬à“ß
∂Ÿ°µâÕß·¡àπ¬” µ“¡ ¡¡ÿµ‘∞“π∑’Ëµ—Èß‰«â ·µà§à“§ß∑’Ë∑—Èß ’Ë¢Õß
§Õ≈—¡πå®–¡’§«“¡®”‡æ“–µàÕÀ¡ŸàÕπÿ°√¡øíß°å™—π¢Õß “√
·≈–§Õ≈—¡πå («—Ø¿“§π‘Ëß) RP-HPLC „™â«—Ø¿“§‡§≈◊ËÕπ∑’Ë
‡ªìπ¢Õß‡À≈« ©–π—ÈπÕß§åª√–°Õ∫¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë®–
¡’º≈µàÕ§à“§ß∑’Ë∑—Èß ’Ë (a, b, c ·≈– d) ¢Õß§Õ≈—¡πå ®÷ß‡ªìπ
¢âÕ®”°—¥‡¡◊ËÕ®–π” ¡°“√¡“„™âß“π®”‡ªìπµâÕß„™â«—Ø¿“§
‡§≈◊ËÕπ∑’Ëµ—«‡¥‘¡ π—Ëπ§◊Õ À“°ª√– ß§å®–π”¡“„™â„π°“√
∑”π“¬‡«≈“§ß§â“ß “√„π HPLC ·∫∫‡°√‡¥’¬π
(gradient systems) ®–¡’ªí≠À“Õ¬à“ß¡“°
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