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Abstract
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Dye Sensitized Solar Cell, DSSC
Songklanakarin J. Sci. Technol., 2003, 25(4) : 535-551

A dye sensitized solar cell is a new type of solar cell. The operating system of this solar cell type is

similar to plant’s photosynthesis process. The sensitizer is available for absorption light and transfer elec-

trons to nanocrystalline metal oxide semiconductor. The ruthenium(II) complexes with polypyridyl ligands

are usually used as the sensitizers in solar cell. At the present time, the complex of [Ru(2,2',2'’-(COOH)
3
-

terpy)(NCS)
3
] is the most efficient sensitizer. The total photon to current conversion efficiency was approxi-

mately 10% at AM = 1.5.
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‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥„™â ’¬âÕ¡‡ªìπ‡´π´‘‰∑‡´Õ√å ‡ªìπ‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥„À¡à∑’Ë √â“ß¢÷Èπ‚¥¬Õ“»—¬À≈—°°“√

∑”ß“πæ◊Èπ∞“π§≈â“¬§≈÷ß°—∫°√–∫«π°“√ —ß‡§√“–Àå· ß¢Õßæ◊™ ‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È®–¡’‡´π´‘‰∑‡´Õ√å∑”Àπâ“∑’Ë„π

°“√¥Ÿ¥°≈◊π· ß·≈– àßºà“πÕ‘‡≈Á°µ√Õπ‰ª¬—ß “√°÷Ëßµ—«π”¢Õß‚≈À–ÕÕ°‰´¥å ‡´π ‘́‰∑‡´Õ√å¥—ß°≈à“«π‘¬¡„™â “√‡™‘ß ấÕπ

¢Õß‚≈À–√Ÿ∑’‡π’¬¡°—∫≈‘·°π¥å„π°≈ÿà¡‚æ≈’æ‘√‘¥’π  ªí®®ÿ∫—πæ∫«à“  “√ª√–°Õ∫‡™‘ß´âÕπ [Ru(2,2û,2ûû-(COOH)
3
-terpy)

(NCS)
3
] ‡ªìπ‡´π´‘‰∑‡´Õ√å∑’Ë¡’ª√– ‘∑∏‘¿“æ¡“°∑’Ë ÿ¥ ·≈–∑”„Àâª√– ‘∑∏‘¿“æ‚¥¬√«¡„π°“√‡ª≈’Ë¬πæ≈—ßß“π· ß„Àâ

‡ªìπæ≈—ßß“π‰øøÑ“¢Õß‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È¡’§à“ ~10% ∑’Ë AM = 1.5

æ≈—ßß“π∂◊Õ‰¥â«à“‡ªìπ ‘Ëß∑’Ë¡’§«“¡®”‡ªìπÕ—π¥—∫·√°
µàÕ°“√¥”√ß™’«‘µ¢Õß¡πÿ…¬å‡ªìπÕ¬à“ß¡“° æ≈—ßß“π‰øøÑ“
‡ªìπæ≈—ßß“π√ŸªÀπ÷Ëß∑’Ë¡πÿ…¬å√Ÿâ®—°°—π¥’·≈–∂Ÿ°π”¡“„™â
ª√–‚¬™πåÕ¬à“ß·æ√àÀ≈“¬ ‡π◊ËÕß®“° “¡“√∂‡ª≈’Ë¬π‰ª‡ªìπ
æ≈—ßß“π√ŸªÕ◊Ëπ‰¥âßà“¬  “¡“√∂§«∫§ÿ¡·≈–„™âß“π‰¥â –¥«°
‚¥¬∑—Ë«‰ª·≈â«°“√º≈‘µ°√–· ‰øøÑ“®–Õ“»—¬∑√—æ¬“°√®“°
·À≈àßæ≈—ßß“πøÕ ´‘≈ (fossil) Õ—π‰¥â·°à ªî‚µ√‡≈’¬¡ °ä“´
∏√√¡™“µ‘ ·≈–∂à“πÀ‘π ‡ªìπµâπ    ªí®®ÿ∫—πæ∫«à“·À≈àß
æ≈—ßß“π¥—ß°≈à“«¡’ª√‘¡“≥≈¥≈ß‡√◊ËÕ¬Ê °”≈—ß®–À¡¥‰ª„π
‰¡à™â“ ·≈–¬—ß°àÕ„Àâ‡°‘¥ªí≠À“ ‘Ëß·«¥≈âÕ¡Õ’°¥â«¬  ¥—ßπ—Èπ
¡πÿ…¬å®÷ß„Àâ§«“¡ π„®„π°“√æ—≤π“°“√º≈‘µ°√–· ‰øøÑ“
®“°·À≈àßæ≈—ßß“πÀ¡ÿπ‡«’¬π ‡™àπ æ≈—ßß“π· ßÕ“∑‘µ¬å
æ≈—ßß“π≈¡ æ≈—ßß“ππÈ” æ≈—ßß“π§«“¡√âÕπ„µâæ‘¿æ ·≈–
æ≈—ßß“π™’«¡«≈ ‡ªìπµâπ

ªí®®ÿ∫—π°“√º≈‘µ°√–· ‰øøÑ“®“°æ≈—ßß“π· ß
Õ“∑‘µ¬å‰¥â√—∫§«“¡ π„®‡æ‘Ë¡¡“°¢÷Èπ ‡π◊ËÕß®“°¡’¢âÕ¥’À≈“¬
ª√–°“√ ‡™àπ ‰¡à°àÕ„Àâ‡°‘¥·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å (CO

2
)

À√◊Õ‡°‘¥§«“¡√âÕπ¢÷Èπ√–À«à“ß°“√º≈‘µ°√–· ‰øøÑ“  ¡’§à“
„™â®à“¬„π°“√®—¥°“√√–∫∫µË”  ·≈–‰¡à∑”≈“¬∑√—æ¬“°√
∏√√¡™“µ‘ ‡ªìπ∑’Ë¬Õ¡√—∫¢Õß§π„π™ÿ¡™π ‰¡àµâÕß‡ ’¬§à“„™â
®à“¬„π°“√´◊ÈÕ·≈–¢π àß‡™◊ÈÕ‡æ≈‘ß„π°“√º≈‘µ°√–· ‰øøÑ“

®π∂÷ßªí®®ÿ∫—π‰¥â¡’°“√æ—≤π“‡´≈≈å· ßÕ“∑‘µ¬åÕÕ°
¡“À≈“¬√Ÿª·∫∫  ‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥„™â ’¬âÕ¡‡ªìπ‡´π-
´‘‰∑‡´Õ√å‡§≈◊Õ∫∫π “√°÷Ëßµ—«π” (Dye sensitized Solar

Cell, DSSC) ‡ªìπ‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥„À¡à ·≈–¡’À≈—°

°“√∑”ß“π§≈â“¬§≈÷ß°—∫°√–∫«π°“√ —ß‡§√“–Àå· ß¢Õßæ◊™
‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È®–„™â‚¡‡≈°ÿ≈¢Õß‡´π ‘́‰∑‡´Õ√å∑”
Àπâ“∑’Ë„π°“√¥Ÿ¥°≈◊π· ß ·≈–„™â “√°÷Ëßµ—«π”™π‘¥‚≈À–
ÕÕ°‰´¥å ∑”„Àâ¡’ª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥°≈◊π· ß¥’·≈–¡’
§«“¡‡ ∂’¬√‡æ‘Ë¡¡“°¢÷Èπ

§«“¡√Ÿâ‡∫◊ÈÕßµâπ‡°’Ë¬«°—∫¥«ßÕ“∑‘µ¬å·≈–æ≈—ßß“π· ß

Õ“∑‘µ¬å (Kutal, 1983)

¥«ßÕ“∑‘µ¬å‡ªìπ·À≈àß°”‡π‘¥æ≈—ßß“π∑’Ë¡’§«“¡ ”§—≠
µàÕ ‘Ëß¡’™’«‘µ∑—ÈßÀ≈“¬∫π‚≈° æ≈—ßß“π®“°¥«ßÕ“∑‘µ¬å‡°‘¥
®“°ªØ‘°‘√‘¬“‡∑Õ√å‚¡π‘«‡§≈’¬√å (thermonuclear reaction)

‚¥¬°“√√«¡µ—«°—π¢Õß·°ä ‰Œ‚¥√‡®π‡æ◊ËÕ°≈“¬‡ªìπ·°ä 
Œ’‡≈’¬¡ ªØ‘°‘√‘¬“¥—ß°≈à“« àßº≈„Àâ¡«≈¢Õß¥«ßÕ“∑‘µ¬å≈¥≈ß
ª√–¡“≥ 4×109 °‘‚≈°√—¡/«‘π“∑’ æ√âÕ¡°—∫¡’°“√ª≈¥ª≈àÕ¬
æ≈—ßß“πÕÕ°¡“„πÕ—µ√“ 3.85×1023 °‘‚≈«—µµå/«‘π“∑’  ·≈–
¡’æ≈—ßß“πµ°°√–∑∫∫πæ◊Èπº‘«‚≈°„πÕ—µ√“ 1.79×1014

°‘‚≈«—µµå/«‘π“∑’ π—°«‘∑¬“»“ µ√å‰¥â§“¥°“√≥å«à“Õ’° 300

≈â“πªï¢â“ßÀπâ“ ¥«ßÕ“∑‘µ¬å®–¬—ß§ß„Àâæ≈—ßß“π· ßÕÕ°¡“
„°≈â‡§’¬ß°—∫ªí®®ÿ∫—π  À√◊ÕÕ“®°≈à“«‰¥â«à“¥«ßÕ“∑‘µ¬å‡ªìπ
·À≈àßæ≈—ßß“π∑’Ë‰¡à¡’«—πÀ¡¥‰ª

∫√‘‡«≥º‘«¢Õß¥«ßÕ“∑‘µ¬å¡’Õÿ≥À¿Ÿ¡‘ª√–¡“≥
5,700 ºC  ·≈–∑’Ë„®°≈“ß®–¡’Õÿ≥À¿Ÿ¡‘¡“°°«à“ 106 ºC · ß
Õ“∑‘µ¬å‡ªìπ§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“∑’Ë¡’§«“¡¬“«§≈◊Ëπ„π™à«ß 200-

3000 π“‚π‡¡µ√ (nm) „π¢≥–∑’Ë· ßÕ“∑‘µ¬å‡§≈◊ËÕπ∑’Ëºà“π
™—Èπ∫√√¬“°“»¢Õß‚≈°  §«“¡‡¢â¡¢Õß· ßÕ“∑‘µ¬å®–¡’§à“
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≈¥≈ß Õ—π‡π◊ËÕß¡“®“°
1. °√–∫«π°“√°√–‡®‘ß (scattering processes)

‡°‘¥‡¡◊ËÕ· ßÕ“∑‘µ¬åµ°°√–∑∫‚¡‡≈°ÿ≈¢Õß·°ä ·≈–ΩÿÉπ
≈–ÕÕßµà“ßÊ „π™—Èπ∫√√¬“°“»¢Õß‚≈° ∑”„Àâ‡°‘¥°“√À—°‡À
∑‘»∑“ß¢Õß· ßÕ“∑‘µ¬å

2. °√–∫«π°“√¥Ÿ¥°≈◊π (absorption processes)

°√–∫«π°“√π’È‡°‘¥‡π◊ËÕß®“°¿“¬„π™—Èπ∫√√¬“°“»¢Õß‚≈°
ª√–°Õ∫‰ª¥â«¬°≈ÿà¡·°ä µà“ßÊ ¡“°¡“¬ ‡™àπ ÕÕ°´‘‡®π
‰π‚µ√‡®π ·≈–‚Õ‚´π ‡ªìπµâπ  πÕ°®“°π’È·≈â«¬—ß¡’‰ÕπÈ”
Õ’°¥â«¬  ‘Ëßµà“ßÊ ‡À≈à“π’È “¡“√∂¥Ÿ¥°≈◊πæ≈—ßß“π®“°· ß
Õ“∑‘µ¬å∑’Ë§«“¡¬“«§≈◊ËπÀπ÷ËßÊ ‰¥â  ‡™àπ  ‡¡◊ËÕ· ßÕ“∑‘µ¬å
‡§≈◊ËÕπ∑’Ëºà“π™—Èπ∫√√¬“°“»∑’Ë‡√’¬°«à“ ‰Õ‚Õ‚π ‡øï¬√å
(ionosphere) æ≈—ßß“π¢Õß· ßÕ“∑‘µ¬å„π™à«ß§«“¡¬“«
§≈◊Ëπ∑’ËµË”°«à“ 200 π“‚π‡¡µ√ ®–∂Ÿ°¥Ÿ¥°≈◊π‡°◊Õ∫À¡¥
πÕ°®“°π’È·≈â« ‘Ëßµà“ßÊ „π∫√√¬“°“» ‡™àπ O, N, O

2
, N

2

·≈– O
3
  “¡“√∂¥Ÿ¥°≈◊πæ≈—ßß“π¢Õß· ßÕ“∑‘µ¬å„π™à«ß

§«“¡¬“«§≈◊Ëπ —Èπ‰¥â (µË”°«à“ 300 π“‚π‡¡µ√) „π¢≥–∑’Ë
‰ÕπÈ”·≈–·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å  “¡“√∂¥Ÿ¥°≈◊πæ≈—ßß“π
¢Õß· ßÕ“∑‘µ¬å„π™à«ß§«“¡¬“«§≈◊Ëπ¬“«  (¡“°°«à“ 700

π“‚π‡¡µ√  ·µà‡ªìπ°“√¥Ÿ¥°≈◊π„π∫“ß™à«ß§«“¡¬“«§≈◊Ëπ
‡∑à“π—Èπ) ‡ªìπµâπ

§«“¡‡¢â¡¢Õß· ßÕ“∑‘µ¬å∑’Ë≈¥≈ß‡π◊ËÕß®“°°√–∫«π
°“√¢Õß°“√°√–®“¬·≈–°“√¥Ÿ¥°≈◊π· ßπ—Èπ ®–¡’§à“¡“°
À√◊ÕπâÕ¬ ¢÷Èπ°—∫√–¬–∑“ß∑’Ë· ßÕ“∑‘µ¬å‡¥‘π∑“ßºà“π™—Èπ

∫√√¬“°“»°àÕπµ°°√–∑∫∫πæ◊Èπº‘«‚≈°  “¡“√∂Õ∏‘∫“¬
‰¥â„π√Ÿª¢Õß¡«≈Õ“°“» (Air Mass, AM) ‚¥¬∑’Ë§à“ AM

= 1/sinθ ‡¡◊ËÕ θ §◊Õ ¡ÿ¡√–À«à“ß· ßÕ“∑‘µ¬å∑’Ëµ°°√–∑∫
°—∫æ◊Èπº‘«‚≈° ¥—ß Figure 1

‡¡◊ËÕ¥«ßÕ“∑‘µ¬åÕ¬Ÿàµ√ß»√’…– (‡«≈“‡∑’Ë¬ß«—π À√◊Õ θ
= 90º) · ßÕ“∑‘µ¬å®–‡¥‘π∑“ßºà“π™—Èπ∫√√¬“°“»¢Õß‚≈°
‡ªìπ√–¬–∑“ß∑’Ë —Èπ∑’Ë ÿ¥ ∑”„Àâ AM = 1 „π°√≥’∑’Ë θ = 30º

§à“ AM = 2 ·≈–§à“ AM = 0 ‡¡◊ËÕÕ¬ŸàπÕ°™—Èπ∫√√¬“°“»
¢Õß‚≈°  ‡ª°µ√—¡¢Õß· ßÕ“∑‘µ¬å∑’ËÕ¬ŸàπÕ°™—Èπ∫√√¬“°“»
·≈–∑’Ëµ°°√–∑∫°—∫æ◊Èπº‘«‚≈°∑’Ë¡ÿ¡µà“ßÊ · ¥ß¥—ß Figure

2

®“° Figure 2  æ∫«à“· ßÕ“∑‘µ¬å∑’Ëºà“π™—Èπ∫√√¬“-
°“»¢Õß‚≈°¡“π—Èπ ®–¡’§«“¡‡¢â¡· ß„π™à«ß∑’Ëµ“¡Õß‡ÀÁπ
(400-800 π“‚π‡¡µ√ À√◊Õ 0.4-0.8 ‰¡‚§√‡¡µ√) ¡“°∑’Ë ÿ¥

§«“¡√Ÿâ‡∫◊ÈÕßµâπ‡°’Ë¬«°—∫‡´≈≈å· ßÕ“∑‘µ¬å·≈–‡´≈≈å· ß

Õ“∑‘µ¬å™π‘¥„™â ’¬âÕ¡‡ªìπµ—«‡´π´‘‰∑‡´Õ√å

‡´≈≈å· ßÕ“∑‘µ¬å (solar cell)  §◊Õ  Õÿª°√≥å∑“ß
‰øøÑ“∑’Ë “¡“√∂‡ª≈’Ë¬πæ≈—ßß“π· ß‡ªìπæ≈—ßß“π‰øøÑ“‰¥â
‚¥¬µ√ß  ‡´≈≈å· ßÕ“∑‘µ¬å∂Ÿ°æ—≤π“¢÷Èπ§√—Èß·√°∑’ËÀâÕß
ªØ‘∫—µ‘°“√‡∫≈≈å (Bell laboratories) ‚¥¬ Chapin ·≈–
§≥– ‡¡◊ËÕªï §.».1954 ‡´≈≈å· ßÕ“∑‘µ¬å¥—ß°≈à“« √â“ß¢÷Èπ
®“°º≈÷°‡¥’Ë¬«¢Õß ‘́≈‘§Õπ (À—«µàÕæ’‡ÕÁπ, P-N junction) ¡’
ª√– ‘∑∏‘¿“æ‡æ’¬ß·§à 6% ‡∑à“π—Èπ „πÕ¥’µ∑’Ëºà“π¡“ Àπâ“∑’Ë

Figure 1  Geometric relationship defining pathlength of a light beam through the atmosphere.
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À≈—°¢Õß‡´≈≈å· ßÕ“∑‘µ¬å§◊Õ „™â‡ªìπ·À≈àßæ≈—ßß“π„Àâ°—∫
¬“πÕ«°“»‡∑à“π—Èπ ·µà„πªí®®ÿ∫—ππ’È π“π“ª√–‡∑»µà“ßÊ „Àâ
§«“¡ π„®„π°“√æ—≤π“‡´≈≈å· ßÕ“∑‘µ¬å‡æ◊ËÕ„™â‡ªìπ·À≈àß
æ≈—ßß“π∫πæ◊Èπ‚≈°¡“°¢÷Èπ (Goetzberger, 2000)

‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥À—«µàÕ “√°÷Ëßµ—«π”-¢Õß‡À≈«
(semiconductor/liquid junction photovoltaic cell)

‡ªìπ‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥Àπ÷Ëß∑’Ë‰¥â√—∫§«“¡ π„® (Hupp,

1997)    à«πª√–°Õ∫À≈—°¢Õß‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È
ª√–°Õ∫¥â«¬  “√°÷Ëßµ—«π” (semiconductor) ‡§“πå‡µÕ√å

Õ‘‡≈Á°‚∑√¥ (counter electrode, CE)  ·≈– “√≈–≈“¬
Õ‘‡≈Á°‚µ√‰≈∑å (electrolyte solution)  ‚¥¬∑’ËÀ≈—°°“√
∑”ß“π¢Õß‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È· ¥ß¥—ß Figure 3

VB À¡“¬∂÷ß ·∂∫‡«‡≈π´å (valence band) ¢Õß
 “√°÷Ëßµ—«π” ÷́Ëß‡ªìπ·∂∫æ≈—ßß“π∑’Ë¡’Õ‘‡≈Á°µ√ÕπÕ¬Ÿà, CB

À¡“¬∂÷ß ·∂∫°“√π” (conduction band) ¢Õß “√°÷Ëßµ—«π”
´÷Ëß‡ªìπ·∂∫æ≈—ßß“π∑’Ë‰¡à¡’Õ‘‡≈Á°µ√ÕπÕ¬Ÿà,  red ·≈– ox

À¡“¬∂÷ß  “√√’¥Õ°´å (redox species) ∑’ËÕ¬Ÿà„π√Ÿª¢Õßµ—«
√’¥‘«´å·≈–µ—«ÕÕ°´‘‰¥´å µ“¡≈”¥—∫   ‡¡◊ËÕ· ßÕ“∑‘µ¬åµ°

Figure 2  Spectral irradiance as a function of air mass (AM).

Figure 3  Schematic representation of a semiconductor/liquid junction photovoltaic cell.
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æß»∏√  Õ¡√æ‘∑—°…å ÿ¢ ·≈– π√“√—°…å  À≈’ °ÿ≈539

°√–∑∫‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È Õ‘‡≈Á°µ√Õπ„π·∂∫‡«‡≈π´å
¢Õß “√°÷Ëßµ—«π”®–¥Ÿ¥°≈◊πæ≈—ßß“π· ß·≈â«‡§≈◊ËÕπ∑’Ë‰ª¬—ß
·∂∫°“√π” ∑”„Àâ‡°‘¥∑’Ë«à“ß (vacancy) À√◊Õ À≈ÿ¡ (hole,

h+) ¢÷Èπ„π·∂∫‡«‡≈π´å   ∑’Ë«à“ß¥—ß°≈à“«®–∂Ÿ°™¥‡™¬‚¥¬
Õ‘‡≈Á°µ√Õπ®“°µ—«√’¥‘«´å (red) ∑’ËÕ¬Ÿà„π “√≈–≈“¬Õ‘‡≈Á°-
‚µ√‰≈∑å   à«πÕ‘‡≈Á°µ√Õπ∑’ËÕ¬Ÿà„π·∂∫°“√π” (CB) ®–
‡§≈◊ËÕπ∑’ËÕÕ° Ÿà«ß®√¿“¬πÕ°µàÕ‰ª „π¢≥–∑’Ëµ—«ÕÕ°´‘‰¥´å
(ox) ∑’Ë‡°‘¥¢÷Èπ ®–¡“√—∫Õ‘‡≈Á°µ√Õπ§◊π∑’Ë‡§“πå‡µÕ√åÕ‘‡≈Á°-
‚∑√¥ (CE) ∑”„Àâ¡’°√–· ‰øøÑ“‡°‘¥¢÷Èπ

„π‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È  “√°÷Ëßµ—«π”®–∑”Àπâ“∑’Ë
¥Ÿ¥°≈◊π· ß„π™à«ß∑’Ëµ“¡Õß‡ÀÁπ ¥—ßπ—ÈπµâÕß‡≈◊Õ°„™â “√°÷Ëß
µ—«π”∑’Ë¡’§«“¡·µ°µà“ß¢Õß·∂∫æ≈—ßß“π (energy band

gap) πâÕ¬Ê À√◊Õª√–¡“≥ 1-2 eV ´÷Ëß “√°÷Ëßµ—«π”∑’Ë¡’
§ÿ≥ ¡∫—µ‘¥—ß°≈à“«®”π«π¡“°¡—°®–¡’ªí≠À“„π‡√◊ËÕß§«“¡
∑π∑“πµàÕÕÿ≥À¿Ÿ¡‘ §«“¡™◊Èπ ·≈–°“√‡ª≈’Ë¬π·ª≈ß æ’-‡Õ™
(pH) ∑”„Àâ™àÕß«à“ß À√◊Õ h+ ∂Ÿ°∑”≈“¬‰¥âßà“¬ ‡™àπ CdSe

®–‰¡à “¡“√∂∑πµàÕ°“√°—¥°√àÕπ‚¥¬· ßÕ“∑‘µ¬å‰¥â  πÕ°
®“°π’È·≈â« “√°÷Ëßµ—«π”™π‘¥Õ◊ËπÊ ‡™àπ Si ·≈– InP  “¡“√∂
∑”ªØ‘°‘√‘¬“°—∫πÈ”À√◊ÕÕÕ°´‘‡®π ‡°‘¥‡ªìπ™—Èπ∫“ßÊ ∑’Ë¡’
 ¡∫—µ‘‡ªìπ©π«π (Hupp, 1997)

®“°ªí≠À“¥—ß°≈à“«∑”„Àâ¡’°“√À—π¡“„™â “√°÷Ëßµ—«π”
„π°≈ÿà¡¢Õß‚≈À–ÕÕ°‰´¥å∑’Ë “¡“√∂∑πµàÕ°“√°—¥°√àÕπ¢Õß
· ßÕ“∑‘µ¬å·≈–¡’§«“¡‡ ∂’¬√¡“°¢÷Èπ  ·µà‚≈À–ÕÕ°‰´¥å

‡À≈à“π’È¡’§«“¡·µ°µà“ß¢Õß·∂∫æ≈—ßß“π∑’Ë°«â“ß ∑”„Àâ‰¡à
 “¡“√∂¥Ÿ¥°≈◊π· ß„π™à«ß∑’Ëµ“¡Õß‡ÀÁπ‰¥â (400-700 nm)

¥—ßπ—Èπ‡æ◊ËÕ·°âªí≠À“¥—ß°≈à“«®÷ß∑”°“√‡§≈◊Õ∫‚¡‡≈°ÿ≈‡´π-
´‘‰∑‡´Õ√å (sensitizer) ≈ß∫π‚≈À–ÕÕ°‰´¥å¥—ß°≈à“« ‚¥¬
‡´π´‘‰∑‡´Õ√å®–∑”Àπâ“∑’Ë‡ªìπµ—«¥Ÿ¥°≈◊π· ß·≈â« àßºà“π
Õ‘‡≈Á°µ√Õπ„Àâ°—∫ “√°÷Ëßµ—«π”  ‡π◊ËÕß®“°‡´π ‘́‰∑‡´Õ√å∑’Ë
π‘¬¡„™â‡ªìπ “√„π°≈ÿà¡ ’¬âÕ¡ (dye) ®÷ß‡√’¬°‡´≈≈å· ß
Õ“∑‘µ¬å™π‘¥π’È«à“ ‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥„™â ’¬âÕ¡‡ªìπ‡´π-
´‘‰∑‡´Õ√å (Dye Sensitized Solar Cell, DSSC) ‚¥¬¡’
À≈—°°“√∑”ß“π¥—ß Figure 4 (Hupp, 1997)

À≈—°°“√∑”ß“π¢Õß‡´≈≈å· ßÕ“∑‘µ¬å·∫∫π’È®–§≈â“¬
§≈÷ß°—∫‡´≈≈å· ßÕ“∑‘µ¬å„π·∫∫∑’Ë°≈à“«¡“·≈â« Õ‘‡≈Á°µ√Õπ
„π ∂“π–æ◊Èπ¢Õß‡´π ‘́‰∑‡´Õ√å®–¥Ÿ¥°≈◊π· ß·≈â«‡§≈◊ËÕπ∑’Ë
‰ª¬—ß ∂“π–°√–µÿâπ∑’Ë¡’√–¥—∫æ≈—ßß“π Ÿß¢÷Èπ Õ‘‡≈Á°µ√Õπ„π
 ∂“π–¥—ß°≈à“«®–°√–‚¥¥‰ª¬—ß·∂∫°“√π”¢Õß “√°÷Ëßµ—«π”
(CB) ·≈–ÕÕ° Ÿà«ß®√¿“¬πÕ°µàÕ‰ª  ‡¡◊ËÕ‡´π´‘‰∑‡´Õ√å
 Ÿ≠‡ ’¬Õ‘‡≈Á°µ√Õπ‰ª ‚¡‡≈°ÿ≈¥—ß°≈à“«®–≈¥æ≈—ßß“π≈ß  Ÿà
 ∂“π–æ◊Èπ·≈–Õ¬Ÿà„π√Ÿª¢Õßµ—«ÕÕ° ‘́‰¥ ǻ (D+) ÷́Ëß®–√—∫
Õ‘‡≈Á°µ√Õπ®“° “√≈–≈“¬Õ‘‡≈Á°‚µ√‰≈∑å∑’ËÕ¬Ÿà„π√Ÿªµ—«√’¥‘«´å
(red)

„π™à«ß·√°Ê ¢Õß°“√æ—≤π“‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È
®–ª√– ∫ªí≠À“„π‡√◊ËÕß¢Õßª√– ‘∑∏‘¿“æ∑’Ë¬—ß§ßµË”Õ¬Ÿà ®π
°√–∑—Ëß §.».1991 ‰¥â¡’π—°«‘∑¬“»“ µ√å™“« «‘ ‡´Õ√å·≈π¥å

Figure 4 Schematic representation of a dye-sensitized photovoltaic cell were D represents

the dye surface-bound.
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™◊ËÕ M. Gratzel ‰¥â∑”°“√‡ª≈’Ë¬π≈—°…≥–¢Õß “√°÷Ëßµ—«π”
®“°‡¥‘¡∑’Ë‡ªìπ≈—°…≥–√“∫‡√’¬∫¡“‡ªìπ™π‘¥¢√ÿ¢√– ∑”„Àâ
ª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å· ßÕ“∑‘µ¬å¥—ß°≈à“«¡’§à“‡æ‘Ë¡¢÷Èπ
(Meyer, 1997) ‚¥¬∑’Ë≈—°…≥–∑—Ë«‰ª¢Õß‡´≈≈å· ßÕ“∑‘µ¬å
™π‘¥„™â ’¬âÕ¡‡ªìπ‡´π ‘́‰∑‡´Õ√åÀ≈—ß°“√ª√—∫‡ª≈’Ë¬π≈—°…≥–
¢Õß “√°÷Ëßµ—«π”·≈â«¡’≈—°…≥–¥—ß Figure 5

Õß§åª√–°Õ∫·≈–À≈—°°“√∑”ß“π¢Õß‡´≈≈å· ßÕ“∑‘µ¬å

™π‘¥„™â ’¬âÕ¡‡ªìπ‡´π´‘‰∑‡´Õ√å

‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥„™â ’¬âÕ¡‡ªìπ‡´π ‘́‰∑‡´Õ√å
(Figure 5) ∂Ÿ° √â“ß¢÷Èπ‚¥¬Õ“»—¬À≈—°°“√æ◊Èπ∞“π¢Õß
°√–∫«π°“√ —ß‡§√“–Àå· ß„πæ◊™  ‚¥¬¡’ à«πª√–°Õ∫∑’Ë
 ”§—≠¥—ßπ’È (Gratzel, 1996)

1. ‚ø‚µÕ‘‡≈Á°‚∑√¥ (photoelectrode) ª√–°Õ∫
¥â«¬ “√°÷Ëßµ—«π”„π°≈ÿà¡¢Õß‚≈À–ÕÕ°‰´¥å∑’Ë¡’§«“¡·µ°µà“ß
¢Õß·∂∫æ≈—ßß“π∑’Ë°«â“ß·≈–¡’≈—°…≥–§«“¡‡ªìπ√Ÿæ√ÿπ Ÿß
÷́Ëß∂Ÿ°‡§≈◊Õ∫¥â«¬‡´π ‘́‰∑‡´Õ√å™π‘¥ ’¬âÕ¡∑’Ë “¡“√∂¥Ÿ¥°≈◊π

· ßÕ“∑‘µ¬å„π™à«ß∑’Ëµ“¡Õß‡ÀÁπ‰¥â‡ªìπÕ¬à“ß¥’
1.1  “√°÷Ëßµ—«π”„π°≈ÿà¡¢Õß‚≈À–ÕÕ°‰´¥å

(metal oxide semiconductor)  ‡π◊ËÕß®“°µâÕß°“√„Àâ
‚¡‡≈°ÿ≈¢Õß ’¬âÕ¡¥Ÿ¥°≈◊π· ß„Àâ‰¥â¡“°∑’Ë ÿ¥  “√°÷Ëßµ—«π”
®÷ßµâÕß‰¡à¥Ÿ¥°≈◊π· ß„π™à«ß∑’Ëµ“¡Õß‡ÀÁπ‰¥â‡≈¬ ∑”„ÀâµâÕß
‡≈◊Õ°„™â “√°÷Ëßµ—«π”∑’Ë¡’§«“¡·µ°µà“ß¢Õß·∂∫æ≈—ßß“π∑’Ë
°«â“ß (> 3 eV) πÕ°®“°π’È·≈â« »—°¬å‰øøÑ“¢Õß·∂∫°“√π”
¢Õß “√°÷Ëßµ—«π”®–µâÕß¡’§à“πâÕ¬°«à“»—°¬å‰øøÑ“∑’Ë ∂“π–
°√–µÿâπ¢Õß‡´π´‘‰∑‡´Õ√å ‡æ◊ËÕ∑”„Àâ°“√ àßºà“πÕ‘‡≈Á°µ√Õπ
®“°‡´π´‘‰∑‡´Õ√å¡“¬—ß “√°÷Ëßµ—«π”™π‘¥‚≈À–ÕÕ°‰´¥å‡°‘¥

¢÷Èπ‰¥â
πÕ°®“° ¡∫—µ‘¥—ß°≈à“«·≈â«  “√°÷Ëßµ—«π”

¬—ßµâÕß¡’§à“§ß∑’Ë°“√π”‰øøÑ“ (dielectric constant, ∈) ∑’Ë
 Ÿß ¡’§«“¡‡ ∂’¬√ √“§“∂Ÿ°·≈–‰¡à‡ªìπæ‘… ‚¥¬ “√°÷Ëßµ—«π”
„π°≈ÿà¡¢Õß‚≈À–ÕÕ°‰´¥å∑’Ëπ‘¬¡„™â°—π¡“°∑’Ë ÿ¥§◊Õ ‰∑‡∑-
‡π’¬¡‰¥ÕÕ°‰´¥å (TiO

2
) „π√Ÿª¢ÕßÕ“π“‡∑  (anatase)

∂÷ß·¡â«à“‰∑‡∑‡π’¬¡‰¥ÕÕ°‰´¥å„π√Ÿª¢Õß√Ÿ‰∑≈å (rutile) ®–
¡’§«“¡‡ ∂’¬√°«à“  ·µà√Ÿ‰∑≈å¡’§à“§«“¡·µ°µà“ß¢Õß·∂∫
æ≈—ßß“π (E

g
) ∑’Ë°«â“ß°«à“ (Õ“π“‡∑  ¡’§à“ E

g
 = 3.2 eV

µ√ß°—∫§à“¢Õ∫‡¢µ¢Õß°“√¥Ÿ¥°≈◊π· ß, absorption edge;

λ
g
, = 400 nm „π¢≥–∑’Ë√Ÿ‰∑≈å ¡’§à“ E

g
 = 3.0 eV µ√ß°—∫

§à“ λ
g
 = 420 nm) ·≈–¡’§à“°“√π”‰øøÑ“∑’Ë Ÿß (∈ = 80)

πÕ°®“°π’È·≈â« Õ“π“‡∑ ¬—ß¡’§à“¥—™π’À—°‡À· ß∑’Ë Ÿß (n =

2.5) ™à«¬„Àâ· ßÕ“∑‘µ¬å‡°‘¥°“√ –∑âÕπ‰ª¡“∑”„Àâ‡ªìπ°“√
‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥°≈◊π· ß¢Õß ’¬âÕ¡ (Gratzel,

1996)

1.2 ‡´π ‘́‰∑‡´Õ√å™π‘¥ ’¬âÕ¡ (dye sensitizer)

‚¡‡≈°ÿ≈¢Õß‡´π ‘́‰∑‡´Õ√å®–‡§≈◊Õ∫Õ¬Ÿà∫πº‘«¢ÕßÕπÿ¿“§
‚≈À–ÕÕ°‰´¥å  ∑”Àπâ“∑’Ë¥Ÿ¥°≈◊π· ßÕ“∑‘µ¬å„π™à«ß∑’Ëµ“
¡Õß‡ÀÁπ ‚¥¬∑’Ë‡´π´‘‰∑‡´Õ√å™π‘¥ ’¬âÕ¡¥—ß°≈à“«®–µâÕß¡’
§ÿ≥ ¡∫—µ‘∑’Ë ”§—≠¥—ßπ’È (Meyer, 1997)

1) ¡’§«“¡‡ ∂’¬√‡¡◊ËÕÕ¬Ÿà„π ¿“«–∑’Ë∂Ÿ°
ÕÕ°´‘‰¥´å  ∂“π–æ◊Èπ ·≈– ∂“π–°√–µÿâπ

2) §à“»—°¬å‰øøÑ“¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“
ÕÕ°´‘‡¥™—π¢Õß‚¡‡≈°ÿ≈„π ∂“π–°√–µÿâπ Eº(D*/D+) ®–
µâÕß¡’§à“‡ªìπ≈∫¡“°°«à“§à“¢Õ∫‡¢µ¢Õß·∂∫°“√π”¢Õß
 “√°÷Ëßµ—«π” (Figure 4)

Figure 5  Schematic of a Dye Sensitized Solar Cell (DSSC).
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æß»∏√  Õ¡√æ‘∑—°…å ÿ¢ ·≈– π√“√—°…å  À≈’ °ÿ≈541

3) §à“»—°¬å‰øøÑ“¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“
ÕÕ°´‘‡¥™—π∑’Ë ∂“π–æ◊Èπ Eº(D/D+) ®–µâÕß¡’§à“‡ªìπ∫«°
¡“°‡æ◊ËÕ “¡“√∂√—∫Õ‘‡≈Á°µ√Õπ§◊π®“° “√≈–≈“¬Õ‘‡≈Á°‚µ√-
‰≈∑å‰¥â√«¥‡√Á« (Figure 4)

4) ¡’§à“°“√¥Ÿ¥°≈◊π· ßÕ“∑‘µ¬å∑’Ë Ÿß
5) ¡’√“§“∂Ÿ°
®“°¢âÕ¡Ÿ≈æ◊Èπ∞“π∑“ß¥â“π‚ø‚µ‡§¡’·≈–

‰øøÑ“‡§¡’¢Õß “√ª√–°Õ∫µà“ßÊ „πÕ¥’µ∑’Ëºà“π¡“ æ∫«à“
‡´π´‘‰∑‡´Õ√å™π‘¥ ’¬âÕ¡∑’Ë¡’§ÿ≥ ¡∫—µ‘‡À¡“– ¡¡“°∑’Ë ÿ¥
‰¥â·°à ‚¡‡≈°ÿ≈¢Õß “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß‚≈À–√Ÿ∑’‡π’¬¡
(Ru) °—∫≈‘·°π¥å„π°≈ÿà¡¢Õß‚æ≈’æ‘√‘¥’π (polypyridine)

‚¥¬∑’Ë “√ª√–°Õ∫‡™‘ß´âÕπ¥—ß°≈à“« ¡’°“√¥Ÿ¥°≈◊π· ß‡ªìπ
·∫∫∂à“¬‚Õπª√–®ÿ®“°‚≈À–‰ª¬—ß≈‘·°π¥å (metal to ligand

charge transfer, MLCT) ´÷Ëß‡ªìπ°“√¥Ÿ¥°≈◊π· ß∑’Ë¡’·∂∫
°“√¥Ÿ¥°≈◊π· ß∑’Ë°«â“ß„π™à«ß∑’Ëµ“¡Õß‡ÀÁπ·≈–¡’§à“ —¡-
ª√– ‘∑∏‘Ï„π°“√¥Ÿ¥°≈◊π· ß Ÿß (ε > 103)  πÕ°®“°π’È·≈â«
‚¡‡≈°ÿ≈¥—ß°≈à“«∑’Ë ∂“π–°√–µÿâπ  ∂“π–æ◊Èπ·≈– ∂“π–∑’Ë
∂Ÿ°ÕÕ°´‘‰¥´å ¡’§«“¡‡ ∂’¬√¡“° (Meyer, 1997)

„π√–¬–·√°¢Õß°“√æ—≤π“‡´≈≈å· ß
Õ“∑‘µ¬å™π‘¥π’È ‰¥â„™â‚¡‡≈°ÿ≈ [Ru(bpy)

3
]2+ ‡ªìπµâπ·∫∫

·≈–∑”°“√‡µ‘¡À¡Ÿà§“√å∫Õ°´‘≈‘° (-COOH) ≈ß‰ª∫π 2,2/-

bipyridine (bpy) °≈“¬‡ªìπ dcbpy = 4,4/-(COOH)
2
-

2,2/-bipyridine ‡æ◊ËÕ„™âÀ¡Ÿà§“√å∫Õ°´‘≈‘°∑”Àπâ“∑’Ë„π°“√
¬÷¥‡°“–‚¡‡≈°ÿ≈¢Õß “√ª√–°Õ∫‡™‘ß´âÕπ„ÀâÕ¬Ÿà∫πÕπÿ¿“§
¢Õß‚≈À–ÕÕ°‰´¥å√–¥—∫π“‚π‡¡µ√ (nanocrystalline)

æ—π∏–∑’Ë„™â„π°“√¬÷¥‡°“–√–À«à“ß “√ª√–°Õ∫‡™‘ß´âÕπ
¥—ß°≈à“«°—∫ TiO

2
 §◊Õæ—π∏–‡Õ ‡∑Õ√å (ester linkage) ¥—ß

Figure 6

À≈—ß®“°∑’Ë∑”°“√µ√÷ß‚¡‡≈°ÿ≈‡´π ‘́‰∑‡´Õ√å
≈ß∫πÕπÿ¿“§¢Õß‚≈À–ÕÕ°‰´¥å·≈â« æ∫«à“°“√¥Ÿ¥°≈◊π· ß
¢Õß‚ø‚µÕ‘‡≈Á°‚∑√¥„π™à«ß· ß∑’Ë¡Õß‡ÀÁπ‰¥â ¡’§à“‡æ‘Ë¡¢÷Èπ
· ¥ß¥—ß Figure 7

2.  “√≈–≈“¬Õ‘‡≈Á°‚µ√‰≈∑å (electrolyte solution)

§ÿ≥ ¡∫—µ‘¢Õß “√≈–≈“¬Õ‘‡≈Á°‚µ√‰≈∑å ¡’¥—ßπ’È  (Meyer,

1997)

2.1 ‰¡à¥Ÿ¥°≈◊π· ßÕ“∑‘µ¬å„π™à«ß∑’Ëµ“¡Õß‡ÀÁπ
2.2 ¡’§«“¡ “¡“√∂„π°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘-

‡¥™—π‰¥âßà“¬ ‡æ◊ËÕ™¥‡™¬Õ‘‡≈Á°µ√Õπ„Àâ·°à‡´π ‘́‰∑‡´Õ√å∑’Ë
Õ¬Ÿà„π√Ÿªµ—«ÕÕ°´‘‰¥´å‰¥âÕ¬à“ß√«¥‡√Á«

 “√≈–≈“¬Õ‘‡≈Á°‚µ√‰≈∑å∑’Ëπ‘¬¡„™â„π‡´≈≈å· ß
Õ“∑‘µ¬å™π‘¥π’È§◊Õ “√≈–≈“¬Õ‘‡≈Á°‚µ√‰≈∑å„π√–∫∫ I-/I

3

- ‚¥¬
I- ®–¡’ª√– ‘∑∏‘¿“æ„π°“√„ÀâÕ‘‡≈Á°µ√Õπ°—∫‡´π´‘‰∑‡´Õ√å
∑’ËÕ¬Ÿà„π√Ÿª¢Õßµ—«ÕÕ°´‘‰¥´å ∑’Ë ∂“π–æ◊Èπ ‰¥â‡ªìπÕ¬à“ß¥’
¥—ß· ¥ß„π ¡°“√∑’Ë 1 ·≈–„π¢≥–‡¥’¬«°—π I

3

- ∑’Ë‡°‘¥¢÷Èπ
®–‡°‘¥ªØ‘°‘√‘¬“√’¥—°™—π ‡æ◊ËÕ√—∫Õ‘‡≈Á°µ√Õπ§◊π∑’Ë‡§“πå‡µÕ√å
Õ‘‡≈Á°‚∑√¥‰¥â ¥—ß ¡°“√∑’Ë 2

3I-    →    I
3

- + 2e-          (1)

I
3

- + 2e-    →    3I-          (2)

3. ‡§“πå‡µÕ√åÕ‘‡≈Á°‚∑√¥ (counter electrode, CE)

‡§“πå‡µÕ√åÕ‘‡≈Á°‚∑√¥∑”Àπâ“∑’Ë∂à“¬‚ÕπÕ‘‡≈Á°µ√Õπ∑’Ë¡“®“°
«ß®√¿“¬πÕ°°≈—∫‡¢â“ Ÿà “√≈–≈“¬Õ‘‡≈Á°‚µ√‰≈∑å  ‚¥¬
‡§“πå‡µÕ√åÕ‘‡≈Á°‚∑√¥®–µâÕß¡’§ÿ≥ ¡∫—µ‘¥—ßπ’È  (Gratzel,

1996)

3.1 ¡’§à“°“√π”‰øøÑ“∑’Ë¥’
3.2 ¡’§à“»—°¬å‰øøÑ“‡°‘πµ—« (overvoltage)

Figure 6  Anchored of sensitizer on semiconductor by ester linkage.
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 ”À√—∫°“√‡°‘¥ªØ‘°‘√‘¬“√’¥—°™—π¢Õß I
3

- ∑’ËµË”
3.3 ¡’§«“¡‡ªìπ√Ÿæ√ÿπ Ÿß‡æ◊ËÕ‡æ‘Ë¡æ◊Èπ∑’Ëº‘«„π

°“√‡°‘¥ªØ‘°‘√‘¬“
®π∂÷ßªí®®ÿ∫—πæ∫«à“  «— ¥ÿ∑’Ëπ‘¬¡„™â∑”‡ªìπ

‡§“πå‡µÕ√åÕ‘‡≈Á°‚∑√¥§◊Õ ‚≈À–·æ≈∑‘π—¡ (Pt) ‡π◊ËÕß®“°
·æ≈∑‘π—¡‡ªìπµ—«‡√àß∑’Ë¥’„πªØ‘°‘√‘¬“√’¥—°™—π¢Õß I

3

- ‚¥¬∑”
°“√µ√÷ßÕπÿ¿“§¢π“¥‡≈Á°¢Õß·æ≈∑‘π—¡≈ß∫π«— ¥ÿ∑’Ëπ”‰øøÑ“
‰¥â ‡™àπ °√–®°π”‰øøÑ“ (conducting glass) ‡ªìπµâπ
«‘∏’°“√π’È∑”„Àâ„™â·æ≈∑‘π—¡„πª√‘¡“≥∑’ËπâÕ¬ (< 0.1 g/cm2)

(Gratzel, 1996)

πÕ°®“°π’È·≈â« “¡“√∂„™â§“√å∫Õπ (carbon)

·∑π·æ≈∑‘π—¡‰¥â ́ ÷Ëß‡ªìπ°“√≈¥µâπ∑ÿπ¢Õß‡´≈≈å· ßÕ“∑‘µ¬å
Õ’°∑“ßÀπ÷Ëß ‚¥¬∑’Ë§“√å∫Õπ‡ªìπµ—«π”‰øøÑ“∑’Ë¥’ ∑π§«“¡
√âÕπ µâ“π∑“π°“√°—¥°√àÕπ‰¥â‡ªìπÕ¬à“ß¥’ ·≈– “¡“√∂‡√àß
ªØ‘°‘√‘¬“√’¥—°™—π¢Õß I

3

- ‰¥â‡™àπ‡¥’¬«°—∫·æ≈∑‘π—¡ (Gratzel,

1996)

°√–∫«π°“√∑—ÈßÀ¡¥∑’Ë‡°‘¥¢÷Èπ„π‡´≈≈å· ßÕ“∑‘µ¬å
™π‘¥„™â ’¬âÕ¡‡ªìπ‡´π´‘‰∑‡´Õ√å (DSSC) · ¥ß¥—ß Figure

8  ‡¡◊ËÕ¡’· ßÕ“∑‘µ¬åµ°°√–∑∫‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È
Õ‘‡≈Á°µ√Õπ∑’Ë ∂“π–æ◊Èπ¢Õß‡´π´‘‰∑‡´Õ√å (S) ‡°‘¥°“√¥Ÿ¥

°≈◊π· ß ∑”„Àâ‡§≈◊ËÕπ∑’Ë‰ª¬—ß ∂“π–°√–µÿâπ (‚¡‡≈°ÿ≈¢Õß
‡´π´‘‰∑‡´Õ√åÕ¬Ÿà„π ∂“π–°√–µÿâπ, S*) ‡√’¬°°√–∫«π°“√
π’È«à“ °√–∫«π°“√¥Ÿ¥°≈◊π· ß (absorption process)

 k
1

S + · ß (hν)    →    S*           (3)

Õ‘‡≈Á°µ√Õπ„π ∂“π–°√–µÿâπ¥—ß°≈à“« (√–¥—∫æ≈—ßß“π¢Õß
 ∂“π–°√–µÿâπ¢Õßµ—«‡´π ‘́‰∑‡´Õ√å®–Õ¬Ÿà Ÿß°«à“·∂∫°“√π”
¢Õß “√°÷Ëßµ—«π”) ®–°√–‚¥¥¡“¬—ß·∂∫°“√π” (CB) ¢Õß
‚≈À–ÕÕ°‰´¥å (MO) ‡√’¬°°√–∫«ππ’È«à“°“√°√–‚¥¥¢Õß
Õ‘‡≈Á°µ√Õπ (electron injection)  ‡¡◊ËÕµ—«‡´π´‘‰∑‡´Õ√å
 Ÿ≠‡ ’¬Õ‘‡≈Á°µ√Õπ‰ª ‚¡‡≈°ÿ≈¢Õßµ—«‡´π´‘‰∑‡´Õ√å®–≈ß Ÿà
 ∂“π–æ◊Èπ·≈–Õ¬Ÿà„π√Ÿª¢Õßµ—«√’¥‘«´å (S+)

         k
2

S* + MO    →    e- (CB, MO) + S+       (4)

Õ‘‡≈Á°µ√Õπ„π·∂∫°“√π”®–‡§≈◊ËÕπ∑’ËÕÕ° Ÿà«ß®√¿“¬πÕ°
µàÕ‰ª

e- (CB, MO)    →    MO + e-           (5)

Figure 7 Electronic absorption spectrum of colloidal TiO
2
 sensitized with a RuL

3
 dye.

Broken line shows absorbance spectrum without dye.
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Õ‘‡≈Á°µ√Õπ∑’ËÀ“¬‰ª®“°µ—«‡´π´‘‰∑‡´Õ√å ®–∂Ÿ°™¥‡™¬‚¥¬
ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß I- „π “√≈–≈“¬Õ‘‡≈Á°‚µ√‰≈∑å

           k
5

S+ + 3/2 I-    →    S + 1/2 I
3

-           (6)

 à«π I
3

- ∑’Ë‡°‘¥¢÷Èπ “¡“√∂∂Ÿ°√’¥‘«´å∑’Ë‡§“πå‡µÕ√åÕ‘‡≈Á°‚∑√¥
(CE)

1/2 I
3

- + e- (CE)    →    3/2 I-           (7)

‰¡à®”‡ªìπ∑’ËÕ‘‡≈Á°µ√Õπ∑ÿ°µ—«∑’ËÕ¬Ÿà„π ∂“π–°√–µÿâπ ®–µâÕß
‡°‘¥°“√°√–‚¥¥‰ª¬—ß·∂∫°“√π”¢Õß “√°÷Ëßµ—«π”‡À¡◊Õπ
¥—ß ¡°“√∑’Ë (4) ‡ ¡Õ‰ª  ‚¡‡≈°ÿ≈¢Õß‡´π´‘‰∑‡´Õ√å∑’Ë
 ∂“π–°√–µÿâπ (S*) Õ“®≈ß Ÿà ∂“π–æ◊Èπ‚¥¬§“¬æ≈—ßß“π∑’Ë
¥Ÿ¥°≈◊π‡¢â“‰ª (®“°· ßÕ“∑‘µ¬å) ÕÕ°¡“„π√Ÿª¢Õß· ßÀ√◊Õ
§«“¡√âÕπ

  k
-1

S*    →    S + hν À√◊Õ §«“¡√âÕπ           (8)

πÕ°®“°π’È·≈â«‡¡◊ËÕ‡´π´‘‰∑‡´Õ√å Ÿ≠‡ ’¬Õ‘‡≈Á°µ√Õπ‰ª
‚¡‡≈°ÿ≈¢Õß‡´π´‘‰∑‡´Õ√å®–≈¥æ≈—ßß“π≈ß  Ÿà ∂“πæ◊Èπ·≈–
Õ¬Ÿà„π√Ÿª¢Õßµ—«√’¥‘«´å (S+) ´÷Ëß¡’√–¥—∫æ≈—ßß“πµË”°«à“·∂∫
°“√π”¢Õß “√°÷Ëßµ—«π” (Figure 8) ¥—ßπ—Èπ∑”„ÀâÕ‘‡≈Á°µ√Õπ

„π·∂∫°“√π”¢Õß “√°÷Ëßµ—«π” “¡“√∂∂à“¬‡∑„Àâ°—∫ S+ ‰¥â
‡√’¬°°√–∫«π°“√π’È«à“ °“√∫«π°“√∂à“¬‚ÕπÕ‘‡≈Á°µ√Õπ§◊π
°≈—∫ (back electron transfer, BET)

         k
3

e- (CB, MO) + S+    →    MO + S         (9)

πÕ°®“°°“√‡°‘¥°“√∂à“¬‚Õπª√–®ÿ§◊π°≈—∫·≈â« Õ‘‡≈Á°µ√Õπ
„π·∂∫°“√π”¢Õß “√°÷Ëßµ—«π” “¡“√∂∂à“¬‚Õπ„Àâ°—∫ I

3

-

„π “√≈–≈“¬Õ‘‡≈Á°‚µ√‰≈∑å‰¥â¥â«¬ (‡π◊ËÕß®“°√–¥—∫æ≈—ßß“π
¢Õß I

3

- Õ¬ŸàµË”°«à“√–¥—∫æ≈—ßß“π¢Õß·∂∫°“√π”¢Õß “√
°÷Ëßµ—«π”)  ‡√’¬°°√–∫«ππ’È«à“ °“√‡°‘¥°√–· ¡◊¥ (dark

current)

                        k
4

e- (CB, MO) + I
3

-    →    MO + 3I-    (10)

°√–∫«π°“√∑—Èß 3 ¢—ÈπµÕπ∑’Ë‡°‘¥¢÷Èππ’È ( ¡°“√∑’Ë 7-10) ®–
‡ªìπ°√–∫«π°“√∑’Ë¢—¥¢«“ß‰¡à„ÀâÕ‘‡≈Á°µ√ÕπÕÕ° Ÿà«ß®√
¿“¬πÕ°‰¥â ∑”„Àâª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È
¡’§à“≈¥≈ß

µ—«·ª√∑’Ë∫àß∫Õ°∂÷ßª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å· ßÕ“∑‘µ¬å

ª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å· ßÕ“∑‘µ¬å ®–æ‘®“√≥“‰¥â
®“°‡ âπ‚§âß≈—°…≥–‡©æ“–¢Õß°√–· -·√ß‡§≈◊ËÕπ‰øøÑ“

Figure 8  Principle processes of dye sensitized solar cell.
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(IV Characteristic curve) ‚¥¬∑’Ë‡ âπ‚§âß¥—ß°≈à“«‡ªìπ°“√
æ≈Õµ√–À«à“ß§à“°√–·  (I) ´÷Ëß‰À≈ºà“π‡´≈≈å· ßÕ“∑‘µ¬å
·≈–·√ß‡§≈◊ËÕπ‰øøÑ“ (V) ∑’Ëª≈“¬∑—Èß Õß¢Õß‡´≈≈å· ß
Õ“∑‘µ¬å ´÷Ëß«—¥ºà“π potentiometer ‚¥¬°“√‡ª≈’Ë¬π·ª≈ß
§à“‚À≈¥„π«ß®√ (Figure 9) (Gratzel and Smestad, 1998)

°“√∑¥ Õ∫‡´≈≈å· ßÕ“∑‘µ¬å°—∫· ßÕ“∑‘µ¬å‚¥¬µ√ß
®–¡’ªí≠À“„π‡√◊ËÕß¢Õß°“√§«∫§ÿ¡∑‘»∑“ß·≈–§«“¡‡¢â¡¢Õß
· ßÕ“∑‘µ¬å∑’Ëµ°°√–∑∫  ∑”„Àâ°“√§”π«≥ª√– ‘∑∏‘¿“æ
¢Õß‡´≈≈å· ßÕ“∑‘µ¬å‰¡à “¡“√∂„™â‡ª√’¬∫‡∑’¬∫‰¥â ¥—ßπ—Èπ
®÷ß∑”°“√∑¥ Õ∫‡´≈≈å· ßÕ“∑‘µ¬å‡∫◊ÈÕßµâπ∑’Ë ¿“«–∑¥ Õ∫
¡“µ√∞“π (Standard Testing Condition, STC) ∑’Ë AM

= 1.5 (µ√ß°—∫¡ÿ¡ θ = 37º) ·≈–§«“¡‡¢â¡· ßÕ“∑‘µ¬å =

1,000 W/m2 ‚¥¬„π°“√ √â“ß· ßÕ“∑‘µ¬å®”≈Õß∑’Ë AM

= 1.5 ∑”‰¥â‚¥¬„Àâ· ß∑’Ë‰¥â®“°À≈Õ¥´’πÕπ (Xe lamp)

450 «—µµå ºà“πøî≈‡µÕ√å Schott 133 Tempax §«“¡Àπ“
3 ¡‘≈≈‘‡¡µ√  æ∫«à“ ‡ª°µ√—¡∑’Ë‰¥â¡’§«“¡§≈â“¬§≈÷ß°—∫
 ‡ª°µ√—¡¢Õß· ßÕ“∑‘µ¬å∑’Ë AM = 1.5 (Figure 10) ¥—ßπ—Èπ
‚¥¬∑—Ë«‰ª®÷ß„™â ‡ª°µ√—¡· ßÕ“∑‘µ¬å ∑’Ë AM = 1.5 ‡ªìπ
¡“µ√∞“π„π°“√‡ª√’¬∫‡∑’¬∫ (Gratzel, 1993)

‡π◊ËÕß®“°‡´π´‘‰∑‡´Õ√å¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥
°≈◊π· ßÕ“∑‘µ¬å∫“ß™à«ß§≈◊Ëπ ª√– ‘∑∏‘¿“æ„π°“√‡ª≈’Ë¬π
æ≈—ßß“π· ß‰ª‡ªìπæ≈—ßß“π‰øøÑ“ ®÷ß¡’§à“‰¡à‡∑à“°—π∑ÿ°
§«“¡¬“«§≈◊Ëπ ¥—ßπ—Èπª√– ‘∑∏‘¿“æ¥—ß°≈à“«„π·µà≈–§«“¡
¬“«§≈◊Ëπ®–°”Àπ¥‚¥¬§à“ ª√– ‘∑∏‘¿“æ¢Õß°“√‡ª≈’Ë¬π
æ≈—ßß“π· ß‚¡‚π‚§√·¡µ‘° ‡ªìπæ≈—ßß“π‰øøÑ“ (Incident

Monochromatic  Photon  to  Current  Conversion

Efficiency À√◊Õ IPCE)   “¡“√∂§”π«≥‰¥â®“° ¡°“√

IPCE (λ)  =  (1.25 ×103) × isc

Iinc × λ

‚¥¬∑’Ë i
sc
 §◊Õ §«“¡Àπ“·πàπ°√–· ‰øøÑ“µàÕÀπ÷ËßÀπà«¬

æ◊Èπ∑’Ë¢Õß‚ø‚µÕ‘‡≈Á°‚∑√¥ ‡¡◊ËÕ∑”°“√≈—¥«ß®√ (µA/cm2),

I
inc

 §◊Õ §«“¡‡¢â¡¢Õß· ßÕ“∑‘µ¬å∑’Ëµ°°√–∑∫µàÕÀπ÷ËßÀπà«¬
æ◊Èπ∑’Ë¢Õß‚ø‚µÕ‘‡≈Á°‚∑√¥ (W/cm2) ·≈– λ §◊Õ §«“¡¬“«
§≈◊Ëπ¢Õß· ßÕ“∑‘µ¬å∑’Ëµ°°√–∑∫ (nm)

πÕ°®“°π’È·≈â« §à“ IPCE  “¡“√∂Õ∏‘∫“¬„π√ŸªÕ◊Ëπ
‰¥â¥—ßπ’È

IPCE (λ)  =  LHE (λ)φ
inj

 η
c

‡¡◊ËÕ LHE (λ) §◊Õª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥°≈◊π· ß´÷Ëß¢÷Èπ
°—∫§«“¡¬“«§≈◊Ëπ· ß∑’Ëµ°°√–∑∫, φ

inj
 §◊Õ §«Õπµ—¡¬‘≈¥å

(quantum yield) „π°“√ àßºà“πÕ‘‡≈Á°µ√Õπ   ·≈– η
c

§◊Õ ª√– ‘∑∏‘¿“æ¢Õß°“√‡°Á∫ª√–®ÿ¢Õßµ—«‡™◊ËÕ¡µàÕÀ√◊Õ
ª√– ‘∑∏‘¿“æ¢Õß°“√ àßºà“πÕ‘‡≈Á°µ√ÕπÕÕ° Ÿà«ß®√¿“¬
πÕ° ´÷Ëßæ∫«à“§à“ LHE (λ) ‡ªìπ¥—ß ¡°“√

LHE (λ)  =  1-10−Γσ(λ)

‚¥¬∑’Ë Γ §◊Õ ®”π«π‚¡≈¢Õß‡´π´‘‰∑‡´Õ√åµàÕµ“√“ß‡´πµ‘-
‡¡µ√ (mol/cm2) ·≈– σ(λ) §◊Õ æ◊Èπ∑’ËÀπâ“µ—¥¢Õß°“√¥Ÿ¥

Figure 9 The possible experimental setup for measuring the current-voltage characteristics

of the finished device.



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 25 ©∫—∫∑’Ë 4 °.§.- .§. 2546
‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥„™â ’¬âÕ¡‡ªìπ‡´π´‘‰∑‡´Õ√å

æß»∏√  Õ¡√æ‘∑—°…å ÿ¢ ·≈– π√“√—°…å  À≈’ °ÿ≈545
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¥Ÿ¥°≈◊π· ß (ε, M-1 cm-1) À“√¥â«¬ 1000 cm3/L

ª√– ‘∑∏‘¿“æ‡´≈≈å· ßÕ“∑‘µ¬å (η
globel

) §”π«≥‰¥â
®“° ¡°“√ ¥—ßπ’È

ηglobel   =  isc×Voc×ff
Iinc

‡¡◊ËÕ isc §◊Õ §«“¡Àπ“·πàπ¢Õß°√–· ≈—¥«ß®√ (mA/cm2),

Voc §◊Õ ·√ß‡§≈◊ËÕπ‰øøÑ“‡¡◊ËÕ∑”°“√‡ªî¥«ß®√ (V), I
inc

 §◊Õ
§«“¡‡¢â¡· ß∑’Ëµ°°√–∑∫ (mW/cm2) ·≈– ff  §◊Õ §à“ Fill

factor §”π«≥‰¥â®“°

ff  =  Pmax

isc×Voc

‡¡◊ËÕ P
max

 §◊Õ °”≈—ß Ÿß ÿ¥∑’ËÀ“‰¥â®“°‡ âπ‚§âß≈—°…≥–‡©æ“–
¢Õß°√–· -·√ß‡§≈◊ËÕπ‰øøÑ“ (Figure 11) ‚¥¬∑”°“√À“
æ◊Èπ∑’Ë„µâ‡ âπ‚§âß¥—ß°≈à“«∑’Ë∑”„Àâ§à“°”≈—ß¡’§à“ Ÿß ÿ¥

°“√æ—≤π“ª√– ‘∑∏‘¿“æ¢Õß‡´π´‘‰∑‡´Õ√å (Gratzel and

Kalyanasundaram, 1998)

‡π◊ËÕß®“°ª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È

¢÷Èπ°—∫§«“¡ “¡“√∂„π°“√¥Ÿ¥°≈◊π· ß·≈–°“√ àßºà“π
Õ‘‡≈Á°µ√Õπ¢Õß‡´π´‘‰∑‡´Õ√å‡ªìπÕ¬à“ß¡“°  °“√æ—≤π“
‡´π´‘‰∑‡´Õ√å„Àâ¡’§ÿ≥ ¡∫—µ‘µ“¡∑’Ë°≈à“«¡“·≈â«π—Èπ ®÷ß‡ªìπ
 ‘Ëß∑’Ë¬“°·≈–∑â“∑“¬µàÕπ—°«‘∑¬“»“ µ√å‡√◊ËÕ¬¡“  “√ª√–°Õ∫
‡™‘ß´âÕπ à«π¡“°®–¥Ÿ¥°≈◊π· ß„π™à«ß∑’Ëµ“¡Õß‡ÀÁπ ¥—ßπ—Èπ
°“√‡ª≈’Ë¬πæ≈—ßß“π¢Õß· ßÕ“∑‘µ¬å„π™à«ßπ’È®÷ß‰¡à§àÕ¬‡ªìπ
ªí≠À“  ·µà®“° ‡ª°µ√—¡¢Õß· ßÕ“∑‘µ¬åæ∫«à“ πÕ°®“°
· ß„π™à«ß∑’Ëµ“¡Õß‡ÀÁπ·≈â« · ßÕ“∑‘µ¬å®–¬—ß¡’§«“¡‡¢â¡
§àÕπ¢â“ß Ÿß„π™à«ßµâπ¢Õß¬à“π√—ß ’Õ‘πø√“‡√¥ (infrared)

¥â«¬ ¥—ßπ—Èπ®÷ß‰¥â¡’§«“¡æ¬“¬“¡∑’Ë®–‡æ‘Ë¡§«“¡ “¡“√∂„π
°“√¥Ÿ¥°≈◊π· ß¢Õß “√ª√–°Õ∫‡™‘ß ấÕπÀ√◊Õ‡´π ‘́‰∑‡´Õ√å
„Àâ “¡“√∂¥Ÿ¥°≈◊π· ß‰¥â§√Õ∫§≈ÿ¡∂÷ß™à«ßµâπ¢Õß¬à“π√—ß ’
Õ‘πø√“‡√¥ ‚¥¬∑”°“√‡µ‘¡≈‘·°π¥åµ—«Õ◊ËπÊ ≈ß‰ª ‚¥¬∑—Ë«‰ª
®–§ß≈‘·°π¥å dcbpy ‰«â ‡æ◊ËÕ∑”Àπâ“∑’Ë‡ªìπµ—«¬÷¥‡°“–·≈–
¥Ÿ¥°≈◊π· ß„π™à«ß∑’Ëµ“¡Õß‡ÀÁπ

‡π◊ËÕß®“°°“√¥Ÿ¥°≈◊π· ß¢Õß‡´π ‘́‰∑‡´Õ√å„π™à«ß
∑’Ëµ“¡Õß‡ÀÁπ®–¡“®“°°“√‡§≈◊ËÕπ∑’Ë¢ÕßÕ‘‡≈Á°µ√Õπ®“°
 ∂“π–æ◊Èπ‰ª¬—ß ∂“π–°√–µÿâπ∑’ËµË”∑’Ë ÿ¥ [Ru(t

2g
) →

dcbpy(π*)] ∑’Ë‡√’¬°«à“ °“√∂à“¬‚Õπª√–®ÿ®“°‚≈À–‰ª¬—ß
≈‘·°π¥å ¥—ßπ—Èπ°“√∑”„Àâ‡´π´‘‰∑‡´Õ√å¥Ÿ¥°≈◊π· ß∑’Ë§«“¡
¬“«§≈◊Ëπ Ÿß¢÷Èπ ®–µâÕß∑”„Àâ°“√‡§≈◊ËÕπ∑’Ë¢ÕßÕ‘‡≈Á°µ√Õππ—Èπ
„™âæ≈—ßß“πµË”≈ß À√◊Õ≈¥√–¥—∫æ≈—ßß“π¢Õß≈‘·°π¥å (π*)

À√◊Õ‡æ‘Ë¡√–¥—∫æ≈—ßß“π¢Õß‚≈À– (t
2g

) „Àâ¡’§à“ Ÿß¢÷Èπ

Figure 10  Spectral overlap of Xe lamp emission spectrum and solar irradiation at AM 1.5.
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°“√∑”„Àâ√–¥—∫æ≈—ßß“π¢Õß t
2g
 ÕÕ√å∫‘∑—≈ ¢Õß‚≈À–

¡’§à“ Ÿß¢÷Èπ  “¡“√∂∑”‰¥â‚¥¬°“√‡æ‘Ë¡§«“¡Àπ“·πàπª√–®ÿ
∑’Ë‚≈À–Õ–µÕ¡°≈“ß  ‚¥¬°“√‡æ‘Ë¡À¡Ÿà„ÀâÕ‘‡≈Á°µ√Õπ  (‡™àπ
-NMe

2
 À√◊Õ -OMe ‡ªìπµâπ ‡¡◊ËÕ Me = CH

3
) ∫π«ß·À«π

‚æ≈’æ‘√‘¥’π (polypyridine ring) ∑”„Àâæ≈—ßß“π∑’Ë„™â„π
°“√∂à“¬‚Õπª√–®ÿ®“°‚≈À–‰ª¬—ß≈‘·°π¥å¡’§à“≈¥≈ß ‡™àπ
æ≈—ßß“π„π°“√∂à“¬‚Õπª√–®ÿ®“°‚≈À–‰ª¬—ß≈‘·°π¥å¢Õß
[Ru(dcbpy)

3
]2+,  [Ru(dcbpy)

2
(DEA-bpy)]2+  ·≈–

[Ru(dcbpy)
2
(ph-py)]2+ ¡’§à“≈¥≈ßµ“¡≈”¥—∫ ‡π◊ËÕß®“°

ph-py ‡ªìπ≈‘·°π¥å∑’Ë¡’§«“¡Àπ“·πàπª√–®ÿ Ÿß°«à“ DEA-

bpy ·≈– dcbpy ¥—ßπ—Èπ°“√¥Ÿ¥°≈◊π· ß®÷ß‡§≈◊ËÕπ‰ª¬—ß
¥â“π∑’Ë¡’æ≈—ßß“πµË”°«à“ (Figure 12 a)

πÕ°®“°°“√‡æ‘Ë¡§«“¡Àπ“·πàπª√–®ÿ∑’Ë‚≈À–Õ–µÕ¡
°≈“ß·≈â« °“√„™â≈‘·°π¥å∑’Ë¡’√–¥—∫æ≈—ßß“π¢Õß π* ∑’ËµË” ®–
∑”„Àâ‡´π´‘‰∑‡´Õ√å “¡“√∂¥Ÿ¥°≈◊π· ß‰¥â∑’Ë§«“¡¬“«§≈◊Ëπ
 Ÿß¢÷Èπ æ≈—ßß“π„π°“√∂à“¬‚Õπª√–®ÿ®“°‚≈À–‰ª¬—ß≈‘·°π¥å
¢Õß [Ru(dcbpy)

2
(dcbiq)]2+ ¡’§à“πâÕ¬°«à“ [Ru(dcbpy)

3
]2+

‡π◊ËÕß®“°º≈¢Õß°“√‡ª≈’Ë¬π≈‘·°π¥å®“° dcbpy ¡“‡ªìπ

Figure 11 I-V characteristic of an illuminated solar cell. The maximum power rectangle is

shaded.

Figure 12 A schematic representation of t
2g

 and πππππ* tuning of polypyridine complexes. (A)

Replacement of an acceptor group by a donor group (4,4/-dimethylamino) in one

of the bipyridine ligand in [Ru(dcbpy)
3
]. (B) Replacement of a carboxy-bipyridine

ligand by dicarboxy-biquinoline in [Ru(dcbpy)
3
].
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Table 1. Examples of Ru-polypyridine complexes

that have been studied as photosensiti-

zers in nanocrystalline TiO
2
-based solar

cells.  (Gratzel and Kalyanasundaram,

1998)

Ru-complex λλλλλ
max

 (εεεεε,mM) in EtOH

[M(LL)
2
(NN)] type

[Ru(dmbpy)
2
(dcpby)] 462(11.7)

[Ru(dmbpy)
2
(CH

2
)

3
-cbpy)] 462(10.4)

[Ru(dmbpy)
2
(acac-bpy)] 462(12.2)

[M(LL-A)
2
 (X)

2
] type

Ru(dcbpy)
2
Cl

2
534(9.6)

Ru(dcbpy)
2
Br

2
530(8.4)

Ru(dcbpy)
2
I

2
536(6.8)

Ru(dcbpy)
2
(NCS)

2
534(14.2)

Ru(dcbpy)
2
(H

2
O)

2
500(11.9)

Ru(dcbpy)
2
(CN)

2
493(14.5)

[M(LLL)(LL-A)(X)] type
Ru(bmipy)(dcbpy)(N(CN)

2
) 492(13.8)

Ru(bmipy)(dcbpy)(Cl
3
-pcyd) 502(13.0)

Ru(bmipy)(dcbpy)(H-pcyd) 506(12.6)
Ru(bmipy)(dcbpy)(4Cl-pcyd) 506(12.7)
Ru(bmipy)(dcbpy)(2Cl-pcyd) 506(12.7)
Ru(bmipy)(4PO

3
H-bpy)(NCS) 496(11.3)

Ru(bmipy)(Hdcbpy)(OH) 528(10.5)
Ru(bmipy)(Hdcbpy)(NCS) 502(14.0)
Ru(bmipy)(Hdcbpy)(CN) 486(13.5)
Ru(bhipy)(Hdcbpy)(NCS) 500(1.3)
Ru(bmipy)(Hdcbiq)(NCS) 580(9.7)

[M(LLL-A)(X)
3
]

Ru(tc-terpy)(NCS)
3
] 620(6.5)

[M(LLL-A)(LL)(X)]
Ru(Hphos-terpy)(Me

2
-bpy)(NCS) 506(9.0)

dcbiq ®–∑”„Àâ√–¥—∫æ≈—ßß“π π* ¢Õß≈‘·°π¥å¡’§à“≈¥≈ß
(Figure 12 b) ‚¥¬µ—«Õ¬à“ß∫“ß à«π¢Õßµ—«‡´π´‘‰∑‡´Õ√å
∑’Ë„™â„π‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È · ¥ß¥—ß Table 1

πÕ°®“°°“√¥—¥·ª≈ß‡´π´‘‰∑‡´Õ√å‚¥¬°“√„™â
≈‘·°π¥åº ¡À√◊Õ°“√‡æ‘Ë¡ à«π¢Õß°“√¥Ÿ¥°≈◊π· ß≈ß∫π
≈‘·°π¥åµ—«‡¥‘¡·≈â« ¬—ß “¡“√∂∑”°“√‡æ‘Ë¡Àπà«¬„π°“√¥Ÿ¥
°≈◊π· ß (¡’‚≈À–¡“°°«à“ 1 µ—« „π‚¡‡≈°ÿ≈) ‚¥¬Àπà«¬„π
°“√¥Ÿ¥°≈◊π· ß‡À≈à“π’È®–µàÕ°—π¥â«¬Àπà«¬ –æ“π (bridg-

ing unit) Àπà«¬ –æ“π∑”Àπâ“∑’Ë„π°“√‡™◊ËÕ¡Àπà«¬„π°“√

¥Ÿ¥°≈◊π· ß‡¢â“¥â«¬°—π ®–„™â≈‘·°π¥åæ«° amphidentate

‡™àπ CN- ·≈– SCN- ‡ªìπµâπ Õ—π‡π◊ËÕß®“°≈‘·°π¥åæ«°π’È
 “¡“√∂‡°‘¥æ—π∏–°—∫‚≈À–‰¥â 2 ¥â“π ª√– ‘∑∏‘¿“æ¢Õß
°“√ àßºà“πÕ‘‡≈Á°µ√Õπºà“πÀπà«¬ –æ“π‡À≈à“π’È ¢÷Èπ°—∫
ª√– ‘∑∏‘¿“æ¢Õß°“√´âÕπ∑—∫°—π¢Õß√–¥—∫æ≈—ßß“π¢Õß
Àπà«¬„π°“√¥Ÿ¥°≈◊π· ß∑’Ë·µ°µà“ß°—π  “√ª√–°Õ∫‡™‘ß ấÕπ
‡À≈à“π’È ‡™àπ [(X)(LL)

2
(M

1
-CN-M

2
(NN)

2
-M

2
(LL)

2
(X)]

‡¡◊ËÕ M
1
, M

2
 = Ru, Os  ‚¥¬∑’Ë LL, NN = bpy, dcbpy

·≈– X = Cl-, H
2
O, CN- ‡ªìπµâπ ·µà°“√ÕÕ°·∫∫‚¡‡≈°ÿ≈

ª√–‡¿∑π’È‰¡àßà“¬π—° ‚¥¬ª√– ‘∑∏‘¿“æ¢Õßµ—«‡´π´‘‰∑‡´Õ√å
∫“ß à«π· ¥ß¥—ß Table 2

®“°°“√»÷°…“®π∂÷ßªí®®ÿ∫—πæ∫«à“ µ—«‡´π ‘́‰∑‡´Õ√å
∑’Ë¡’ª√– ‘∑∏‘¿“æ¡“°∑’Ë ÿ¥„π°“√‡ª≈’Ë¬πæ≈—ßß“π· ß„Àâ‡ªìπ
æ≈—ßß“π‰øøÑ“§◊Õ [Ru(2,2/,2//-(COOH)

3
-terpy)(NCS)

3
]

‡¡◊ËÕπ” “√ª√–°Õ∫‡™‘ß´âÕπ¥—ß°≈à“«¡“„™â„π‡´≈≈å∑¥ Õ∫
æ∫«à“¡’§à“ i

SC
 ~ 18-22 mA/cm2, V

OC
 ~ 0.65 V, ff = 0.7

·≈– η
globle

 ~ 10%  (Gratzel and Kalyanasundaram,

1998)

°“√≈¥°“√‡°‘¥°√–· ¡◊¥

°“√∂à“¬‚ÕπÕ‘‡≈Á°µ√Õπ§◊π°≈—∫·≈–°“√‡°‘¥°√–· 
¡◊¥ ( ¡°“√∑’Ë 9 ·≈– 10 µ“¡≈”¥—∫) ∂◊Õ‰¥â«à“‡ªìπÕÿª √√§
∑’Ë ”§—≠µàÕ°“√∂à“¬‚ÕπÕ‘‡≈Á°µ√ÕπÕÕ° Ÿà«ß®√¿“¬πÕ°
·µàÕ—µ√“¢Õß°“√∂à“¬‚ÕπÕ‘‡≈Á°µ√Õπ§◊π°≈—∫®–¡’§à“πâÕ¬
‡π◊ËÕß®“°º≈¢Õß„ÀâÕ‘‡≈Á°µ√Õπ¢Õß I- ∑’ËÕ¬Ÿà„π “√≈–≈“¬
Õ‘‡≈Á°‚µ√‰≈∑å ‚¥¬ —ß‡°µ‰¥â®“°°“√‡ª≈’Ë¬π·ª≈ß§à“°“√¥Ÿ¥
°≈◊π· ß¢Õßµ—«‡´π´‘‰∑‡´Õ√å∑’ËÕ¬Ÿà„π√Ÿªµ—«√’¥‘«´å°—∫‡«≈“
(Figure 13)

„π‚ø‚µÕ‘‡≈Á°‚∑√¥∑’Ë„™â Ru(II)L
2
(5-Cl-phen) ‡ªìπ

µ—«‡´π´‘‰∑‡´Õ√å ‡¡◊ËÕ‡°‘¥°“√°√–‚¥¥¢ÕßÕ‘‡≈Á°µ√Õπ·≈â«
®–‡°‘¥ Ru(III)L

2
(5-Cl-phen) ¢÷Èπ „π°√≥’∑’Ë‰¡à¡’°“√‡µ‘¡

I- (Figure 13 a)  °“√‡ª≈’Ë¬π·ª≈ß¢Õß Ru(III) ‰ª‡ªìπ
Ru(II) ®–‡°‘¥¢÷Èπ‰¥â™â“°«à“‡¡◊ËÕ¡’°“√‡µ‘¡ I- ≈ß„π “√≈–≈“¬
Õ‘‡≈Á°‚µ√‰≈∑å (Figure 13 b) Õ—π‡π◊ËÕß®“°º≈¢Õß°“√‡°‘¥
ªØ‘°‘√‘¬“√’¥—°™—π¢Õß Ru(III) ‚¥¬ I-  (Hupp, 1997)

°√–· ¡◊¥ ‡°‘¥®“°Õ‘‡≈Á°µ√Õπ„π·∂∫°“√π”¢Õß
 “√°÷Ëßµ—«π” (∑’Ë°√–‚¥¥¡“®“°‡´π´‘‰∑‡´Õ√å) ‡§≈◊ËÕπ∑’Ë‰ª
¬—ß “√≈–≈“¬Õ‘‡≈Á°‚µ√‰≈∑å ·∑π∑’Ë®–‡§≈◊ËÕπ∑’ËÕÕ° Ÿà«ß®√
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Table 2. Performance characteristics of nanocrystalline of TiO
2
 solar cells sensitized by Ru-

polypyridine complexes

        Complex i
SC

V
OC

ff IPCE ηηηηη
globel

      Reference

(mA/cm2) (V) (%) (%)

Ru(LL)
2
(X)

2

Ru(dcphen)
2
(NCS)

2
9.5 0.55 0.57 3.0 Arakawa, 2001

Ru(mcphen)
2
(NCS)

2
6.1 0.56 0.71 2.4 Arakawa, 2001

Ru(dtphen)
2
(NCS)

2
12.2 0.70 0.68 5.8 Durr, 2000

Ru(dcbpy)
2
Cl

2
2.6 0.57 0.38 2.1 Durr, 2000

Ru(dsbpy)
2
Cl

2
1.3 0.51 0.42 1.1 Durr, 2000

Ru(dcphen)
2
Cl

2
2.0 0.55 0.42 1.7 Durr, 2000

Ru(dcbpy)
2
(NCS)

2
6.4 0.61 0.42 6.1 Durr, 2000

Ru(dsbpy)
2
(NCS)

2
0.5 0.52 0.36 0.4 Durr, 2000

Ru(dcphen)
2
(NCS)

2
3.9 0.60 0.43 3.8 Durr, 2000

Ru(dcbpy)
2
(NCS)

2
15.0 0.70 0.74 7.8 Sugihara, 2001

[Ru(LL)(NNN)(X)]+

[Ru(dcbpy)(terpy)Cl]+ 11.8 0.56 0.75 28 5 Maruthamuthu, 1999
[Ru(dcbpy)(terpy)SCN]+ 4.7 0.65 0.73 11 2 Maruthamuthu, 1999
[Ru(dcbpy)(terpy)CN]+ 4.3 0.42 0.73 11 1 Maruthamuthu, 1999

[Ru(LL)
2
(NN)2-]

Ru(dcbpy)
2
(qdt) 11.1 0.595 0.70 3.7 Sugihara, 2001

Ru(dcphen)
2
(qdt) 10.0 0.595 0.67 3.2 Sugihara, 2001

Ru(dcbpy)
2
(ecda) 5.4 0.580 0.65 2.0 Sugihara, 2001

Ru(dcphen)
2
(ecda) 5.0 0.490 0.69 1.6 Sugihara, 2001

Ru(dcbpy)
2
(bdt) 2.1 0.540 0.66 0.7 Sugihara, 2001

Ru(dcbpy)
2
(tdt) 1.1 0.504 0.70 0.4 Sugihara, 2001

Ru(dcphen)
2
(tdt) 0.4 0.470 0.60 0.2 Sugihara, 2001

[Ru(NN)
2
(LL)]2+

[Ru(bpy)
2
(mlmcbpy)]2+ 0.83 0.245 34 Grennberg, 2000

[Ru(bpy)
2
(mdlmcbpy)]2+ 2.55 0.400 45 Grennberg, 2000

[Ru(bpy)
2
(dlmcbpy)]2+ 3.00 0.380 48 Grennberg, 2000

[Ru(dmbpy)
2
(dcbpy)]2+ 1.2 0.540 0.39 1.0 Durr, 2000

[Ru(dmbpy)
2
(dsbpy)]2+ 1.3 0.530 0.37 0.9 Durr, 2000

[Ru(dmbpy)
2
(dcphen)]2+ 1.3 0.550 0.45 1.2 Durr, 2000

[Ru(dmbpy)
2
(dcbpdz)]2+ 0.4 0.460 0.30 0.2 Durr, 2000

Ru(LL)(NN)(X)
2

Ru(dcphen)(phen)(NCS)
2

8.8 0.61 0.68 3.7 Arakawa, 2001
Ru(mcphen)(phen)(NCS)

2
4.5 0.55 0.65 1.6 Arakawa, 2001

[Ru(LL)
3
]2+

[Ru(dcbpy)
3
]2+ 1.0 0.52 0.37 0.7 Durr, 2000

[Ru(dsbpy)
3
]2+ 1.4 0.52 0.34 0.9 Durr, 2000

[Ru(dcphen)
3
]2+ 1.1 0.51 0.37 0.8 Durr, 2000

[Ru(dcbpdz)
3
]2+ 0.2 0.12 0.30 0.03 Durr, 2000
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Table 2. (Continued)

        Complex i
SC

V
OC

ff IPCE ηηηηη
globel

      Reference

(mA/cm2) (V) (%) (%)

Suparmolecule
Ru(dcbpy)

2
[µ-(CN)Ru 84 Falaras, 1998

  (CN)(bpy)
2
]

2

bpy = 2,2/-bipyridine; dcbpy = 4,4/-(COOH)
2
-bpy; phen = 1,10-phenanthroline; dcphen = 4,7-(COOH)

2
-phen;

mcphen = 4-(COOH)-phen; dlmcbpy = 4,4/-(1,1-dilithium carboxymethyl)-2,2/-bipyridine; mdlmcbpy = 4-

(1,1-dilithium carboxymethyl)-4/-methyl-2,2/-bipyridine; mlmcbpy = 4,-(lithium carboxymethyl)-4/-methyl-
2,2/-bipyridine; dtbpy = 4,4/-(COOTBA)

2
-bpy; dsbpy = 2,2/-bipyridine-4,4/-disulphonic acid; dcbpdz = 3,3/-

bipyridazine-5,5/-dicarboxylic acid;  qdt = quinoxaline-2,3-dithiol;  ecda = ethyl-2-cyano-3,3-dimercapto-

acrylate; bdt = 1,2-benzenedithiol and tdt = 3,4-toluenedithiol.

ºà“ππÕ° ( ¡°“√∑’Ë 10) ́ ÷Ëß°“√‡°‘¥ª√“°Ø°“√≥åπ’È®–∑”„Àâ
·√ß‡§≈◊ËÕπ‰øøÑ“ Ÿß ÿ¥¢Õß‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È¡’§à“≈¥≈ß
¥—ß ¡°“√

Voc  =  kT
e  ln 

Iinj

ncbket[I3

-]

‡¡◊ËÕ I
inj
 §◊Õ ø≈—°´å¢Õßª√–®ÿ∑’Ë¡“®“°‡´π´‘‰∑‡´Õ√å,

n
cb

 §◊Õ §«“¡‡¢â¡¢âπ¢ÕßÕ‘‡≈Á°µ√Õπ∑’Ëº‘«¢Õß “√°÷Ëßµ—«π”
·≈– k

et
 §◊Õ §à“§ß∑’ËÕ—µ√“¢Õß°“√‡°‘¥°√–∫«π°“√√’¥—°™—π

¢Õß I
3

- ∂â“ “¡“√∂≈¥§«“¡‡¢â¡¢âπ¢Õß I
3

- ‰¥â ®–∑”„Àâ§à“
°√–· ¡◊¥≈¥≈ß¥â«¬ ¥—ßπ—Èπ®÷ß‰¥â¡’°“√‡µ‘¡ 4-tert-butyl-

pyridine ≈ß‰ª„π “√≈–≈“¬Õ‘‡≈Á°‚µ√‰≈∑å‡≈Á°πâÕ¬ (Gratzel,

1993) Õ—π‡π◊ËÕß¡“®“° 4-tert-butylpyridine ‡ªìπ “√„π
°≈ÿà¡‡¥’¬«°—∫ æ‘√‘¥’π (pyridine, PY) ®“°¢âÕ¡Ÿ≈∑’Ë¡’ºŸâ§π
»÷°…“°àÕπÀπâ“π’È  æ∫«à“  æ‘√‘¥’π  ‡ªìπ “√¡’§à“  Donor

Number (DN) ∑’Ë Ÿß (~33) ·≈– “¡“√∂∑”ªØ‘°‘√‘¬“°—∫
I

3

- °≈“¬‡ªìπ “√ª√–°Õ∫‡™‘ß´âÕπ PYI+ ´÷Ëß‡ªìπ ªï™’ å∑’Ë
‡ ∂’¬√„πµ—«∑”≈–≈“¬¥—ß°≈à“« ¥—ß ¡°“√

Figure 13 Transient absorbance signal for TiO
2
 colloid sensitized with Ru(II)L

2
(5-Cl-phen)

without added I
-
 (curve a) and with added I

-
 (curve b). The short half-life observed

in curve b is due to the rapid reduction of Ru(III)L
2
(5-Cl-phen) by I

-
.
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PY + I
3

-  =  PYI+ + 2I-

PYI+ ∑’Ë‡°‘¥¢÷Èπ¡’§«“¡ “¡“√∂„π°“√√—∫Õ‘‡≈Á°µ√Õπ
‰¥âµË”°«à“ I

3

- ¥—ßπ—Èπ∑”„Àâ§à“ k
et
 ¡’§à“≈¥≈ß ·≈–‡π◊ËÕß®“°

4-tert-butylpyridine ‡ªìπ “√„π°≈ÿà¡‡¥’¬«°—∫æ‘√‘¥’π
¥—ßπ—Èπ°≈‰°°“√¬—∫¬—Èß°“√‡°‘¥°√–· ¡◊¥¢Õß 4-tert-butyl-

pyridine πà“®–‡À¡◊Õπ°—∫æ‘√‘¥’π (Lindquist, 1999)

º≈°“√‡µ‘¡ 4-tert-butylpyridine ≈ß„π “√≈–≈“¬
Õ‘‡≈Á°‚µ√‰≈∑å  ∑”„Àâª√– ‘∑∏‘¿“æ‚¥¬√«¡ (η

globel
) ¢Õß

‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È ∑’Ë„™â cis-[Ru(dcbpy)
2
(NCS)

2
]·

2H
2
O ‡ªìπµ—«‡´π´‘‰∑‡´Õ√å ¡’§à“‡æ‘Ë¡¢÷Èπ®“° 3.7 ‡ªìπ 8.5

‡π◊ËÕß®“° 4-tert-butylpyridine ‰ª¬—∫¬—Èß°“√‡°‘¥°√–· 
¡◊¥¥—ß∑’Ë‰¥â°≈à“«¡“·≈â« (Gratzel, 1993)

∫∑ √ÿª

®“°∑’Ë°≈à“«¡“∑—ÈßÀ¡¥ · ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡ “¡“√∂
¢Õß‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥„™â ’¬âÕ¡‡ªìπ‡´π´‘‰∑‡´Õ√å„π
°“√‡ª≈’Ë¬πæ≈—ßß“π· ß„Àâ‡ªìπæ≈—ßß“π‰øøÑ“ ‡π◊ËÕß®“°
‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È¡’°“√ àßÕ‘‡≈Á°µ√Õπ‡ªìπ∑Õ¥Ê
§≈â“¬§≈÷ß°—∫°√–∫«π°“√ —ß‡§√“–Àå· ß„πæ◊™ ·≈–ªØ‘°‘√‘¬“
¥—ß°≈à“«®–‡°‘¥°“√·¢àß¢—π°—∫ªØ‘°‘√‘¬“Õ◊ËπÊ ∑’Ë¢—¥¢«“ß°“√
 àßºà“πÕ‘‡≈Á°µ√Õπ ¥—ßπ—Èπ®”‡ªìπµâÕßÕ“»—¬°“√æ—≤π“·≈–
ÕÕ°·∫∫‚¡‡≈°ÿ≈‡´π´‘‰∑‡´Õ√å∑’Ë¡’ª√– ‘∑∏‘¿“æ µ≈Õ¥®π
‡≈◊Õ°„™â«— ¥ÿ∑’Ë‡À¡“– ¡ ‡æ◊ËÕ„Àâ°√–∫«π°“√ àßºà“πÕ‘‡≈Á°-
µ√Õπ‡°‘¥‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ¡“°∑’Ë ÿ¥ Õ—π‡ªìπº≈„Àâ
ª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È Ÿß¢÷Èπµ“¡‰ª¥â«¬

‚¡‡≈°ÿ≈‡´π´‘‰∑‡´Õ√å¡’§«“¡ ”§—≠·≈–¡’º≈µàÕ
ª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È‡ªìπÕ¬à“ß¡“°
°“√ÕÕ°·∫∫‚¡‡≈°ÿ≈‡´π´‘‰∑‡´Õ√å„Àâ “¡“√∂¥Ÿ¥°≈◊π· ß
‰¥â§√Õ∫§≈ÿ¡ ‡ª°µ√—¡¢Õß· ßÕ“∑‘µ¬å∂◊Õ‡ªìπ¢âÕ‰¥â‡ª√’¬∫
∑’Ë‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥Õ◊Ëπ‰¡à “¡“√∂∑”‰¥â ªí®®ÿ∫—πæ∫«à“
 “√ª√–°Õ∫‡´‘ß´âÕπ [Ru(2,2/,2//-(COOH)

3
-terpy)

(NCS)
3
] ‡ªìπ‡´π´‘‰∑‡´Õ√å∑’Ë¡’ª√– ‘∑∏‘¿“æ¡“°∑’Ë ÿ¥ ·≈–

∑”„Àâª√– ‘∑∏‘¿“æ‚¥¬√«¡„π°“√‡ª≈’Ë¬πæ≈—ßß“π· ß„Àâ
‡ªìπæ≈—ßß“π‰øøÑ“¢Õß‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È¡’§à“ ~ 10%

∑’Ë AM = 1.5 ∂÷ß·¡â«à“ª√– ‘∑∏‘¿“æ¥—ß°≈à“«®–‰¡à‡∑’¬∫‡∑à“

°—∫‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥ ‘́≈‘§Õπ (~ 30%) ·µà‡π◊ËÕß®“°
‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È¡’Õß§åª√–°Õ∫∑’Ë‰¡à¬ÿàß¬“° “¡“√∂
ª√–°Õ∫¢÷Èπ¡“‰¥âßà“¬ √“§“∂Ÿ° «— ¥ÿ∑’Ë„™â‰¡à‡ªìπæ‘…µàÕ ‘Ëß
·«¥≈âÕ¡·≈–¡’§«“¡‡ ∂’¬√ Ÿß πÕ°®“°π’È‡´≈≈å· ßÕ“∑‘µ¬å
™π‘¥¥—ß°≈à“«æ÷ËßÕ¬Ÿà„π™à«ßµâπ¢Õß°“√æ—≤π“ ∑”„Àâπ—°
«‘∑¬“»“ µ√å·≈–«‘»«°√„Àâ§«“¡ π„®„π°“√æ—≤π“·≈–
·°â‰¢¢âÕ∫°æ√àÕß¢Õß‡´≈≈å· ßÕ“∑‘µ¬å™π‘¥π’È  ‡æ◊ËÕ„Àâ
 “¡“√∂º≈‘µÕÕ°¡“„π‡™‘ßæ“≥‘™¬å‰¥â
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