
à¤ÁÕÍÔ¹·ÃÕÂ�
(Organic Chemistry)

»�ÂÈÔÃÔ ÊØ¹·Ã¹¹·� ÊÔ¹äªÂ



à¤ÁÕÍÔ¹·ÃÕÂ� à»š¹à¤ÁÕÊÒ¢ÒË¹Öè§«Öè§ÈÖ¡ÉÒÊÒÃ»ÃÐ¡Íº¢Í§¤ÒÃ�ºÍ¹ 
(C)«Öè§¤ÒÃ�ºÍ¹ÊÒÁÒÃ¶à¡Ô´à»š¹ÊÒÃ»ÃÐ¡ÍºÍÔ¹·ÃÕÂ�ä´ŒÁÒ¡ÁÒÂËÅÒÂª¹Ô´ 
â´Âã¹»˜¨ Ø̈ºÑ¹àÃÒÃÙŒ Ñ̈¡ÊÒÃ»ÃÐ¡ÍºÍÔ¹·ÃÕÂ�·Ñé§·ÕèÊÑ§à¤ÃÒÐË�¢Öé¹ÁÒáÅÐ·Õè¸ÃÃÁªÒµÔ
ÊÃŒÒ§¢Öé¹¡Ç‹Ò 8 ÅŒÒ¹ª¹Ô´

6C  : 1s
2 2s2   2p2

C  ÁÕ valence  =  4 ¨ÐÁÕ 4 ¾Ñ¹¸Ð

C C=C

C C 1



ÊÒÃÍÔ¹·ÃÕÂ� ¤×Í ÊÒÃ»ÃÐ¡Íº·ÕèÁÕ¸ÒµØ¤ÒÃ�ºÍ¹à»š¹Í§¤�»ÃÐ¡ÍºËÅÑ¡
Â¡àÇŒ¹ ÊÒÃ»ÃÐ¡Íº  - ¤ÒÃ�ºÍà¹µ (CO3

2-) àª‹¹ CaCO3 Na2CO3

,NaHCO3 , CaC2 , KCN  , CCl4
- ÍÍ¡ä«´�¢Í§¤ÒÃ�ºÍ¹ àª‹¹ CO  CO2

- CS2
ÊÒÃÍÔ¹·ÃÕÂ� ÍÒ¨ä´Œ¨Ò¡ÊÔè§ÁÕªÕÇÔµËÃ×Í¨Ò¡ÊÔè§äÁ‹ÁÕªÕÇÔµ ä´Œá¡‹
áÍÁâÁà¹ÕÂÁä«ÂÒà¹µ(ÊÒÃÍ¹Ô¹·ÃÕÂ�)    à¼Ò ÂÙàÃÕÂ (ÊÒÃÍÔ¹·ÃÕÂ�)

NH4CNO          H2NCONH2
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»ÃÐàÀ·¢Í§ÊÒÃÍÔ¹·ÃÕÂ�

1. ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹ (Hydrocarbon Compounds) ¤×Í
ä´Œá¡‹ áÍÅà¤¹ áÍÅ¤Õ¹ áÍÅä¤¹� ÍÐâÃÁÒµÔ¡äÎâ´Ã¤ÒÃ�ºÍ¹

2. ÊÒÃÍÔ¹·ÃÕÂ�Í×è¹ æ ¤×Í ÊÒÃ»ÃÐ¡Íº·Õè¹Í¡¨Ò¡¨ÐÁÕ¸ÒµØ C áÅÐ H áÅŒÇ
ÂÑ§ÍÒ¨ÁÕ¸ÒµØ O, N ËÃ×Í¸ÒµØÍ×è¹ æ à»š¹Í§¤�»ÃÐ¡Íº´ŒÇÂ ä´Œá¡‹ ¡Ã´
ÍÔ¹·ÃÕÂ� áÍÅ¡ÍÎÍÅ� ÍÕà·ÍÃ� àÍÊà·ÍÃ� áÍÅ´ÕäÎ´� ¤Õâµ¹ àÍÁÕ¹ àÍäÁ´�
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¡ÒÃ¨íÒá¹¡ÊÒÃÍÔ¹·ÃÕÂ�
ËÁÙ‹¿˜§¡�ªÑ¹¢Í§ÊÒÃÍÔ¹·ÃÕÂ�

ËÁÙ‹¿˜§¡�ªÑ¹ ¤×Í ¡ÅØ‹Á¢Í§ÍÐµÍÁ·Õèà»š¹Ê‹Ç¹Ë¹Öè§¢Í§âÁàÅ¡ØÅ
·ÕèÁÕº·ºÒ·ã¹¡ÒÃ¡íÒË¹´ÊÁºÑµÔ·Ò§à¤ÁÕÃÇÁ·Ñé§ÊÁºÑµÔ·Ò§
¡ÒÂÀÒ¾¢Í§ÊÒÃà¤ÁÕ¹Ñé¹æ
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5

¡ÒÃ¨íÒá¹¡ÊÒÃÍÔ¹·ÃÕÂ�
¡ÅØ‹Á¢Í§ÊÒÃÍÔ¹·ÃÕÂ�·ÕèÊíÒ¤ÑÞ·Õè¨Ñ´¨íÒá¹¡µÒÁª¹Ô´¢Í§

ËÁÙ‹¿˜§¡�ªÑ¹ ä Œ́á¡‹

1. ÍÑÅà¤¹ 2. ÍÑÅ¤Õ¹ 3. ÍÑÅä¤¹� 4. àÎäÅ �́ 5. ÍÑÅ¡ÍÎÍÅ� 

6. ÍÕà·ÍÃ� 7. ÍÑÅ ṌäÎ �́ 8. ¤Õâµ¹ 9. àÍÁÕ¹ 

10. ¡Ã´¤ÒÃ�ºÍ¡«ÔÅÔ¡ 11. àÍÊà·ÍÃ� 12. àÍäÁ �́



¡ÒÃ¨íÒá¹¡ÊÒÃÍÔ¹·ÃÕÂ�µÒÁª¹Ố ¢Í§ËÁÙ‹¿˜§¡�ªÑ¹
»ÃÐàÀ·¢Í§ÊÒÃÍÔ¹·ÃÕÂ� ËÁÙ‹¿˜§¡�ªÑ¹ µÑÇÍÂ‹Ò§

ÍÑÅà¤¹(alkanes) H3C-CH2-CH2-CH3
ÍÑÅ¤Õ¹(alkenes) H2C=CH2
ÍÑÅä¤¹�(alkynes) HC=CH

ÍÍÃ�¡Òâ¹ÎÒâÅà¨¹/àÎäÅ �́ C-X H3CCH2Br
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»ÃÐàÀ·¢Í§ÊÒÃÍÔ¹·ÃÕÂ� ËÁÙ‹¿˜§¡�ªÑ¹ µÑÇÍÂ‹Ò§

áÍÅ¡ÍÎÍÅ�áÅÐ¿‚¹ÍÅ C-OH H3CCH2OH

ÍÑÅ´ÕäÎ´� -C-H H3CCH2CH2CHO

¤Õâµ¹ -C- H3CCOCH3

¡Ã´ÍÔ¹·ÃÕÂ� -C-OH H3CCOOH

àÍÊà·ÍÃ� -C-O-C- H3CCOOCH2CH3
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¡ÒÃà¢ÕÂ¹ÊÙµÃâ¤Ã§ÊÃŒÒ§¢Í§ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹
¡ÒÃà¢ÕÂ¹ÊÙµÃâ¤Ã§ÊÃŒÒ§áººÂ‹Í¨Ò¡ÊÙµÃâ¤Ã§ÊÃŒÒ§áººàÊŒ¹  ãËŒÃÇÁ¡ÅØ‹Á·ÕèàËÁ×Í¹¡Ñ¹

äÇŒ Œ́ÇÂ¡Ñ¹ã¹¡Ã³Õ·ÕèÁÕ¡ÒÃ«éíÒ¡Ñ¹¢Í§¡ÅØ‹Á¤ÒÃ�ºÍ¹ áµ‹¶ŒÒã¹âÁàÅ¡ØÅÁÕ¾Ñ¹¸Ð¤Ù‹ËÃ×Í¾Ñ¹¸ÐÊÒÁ¨ÐµŒÍ§
áÊ´§¾Ñ¹¸ÐäÇŒ Œ́ÇÂ àª‹¹

CH3-CH2-CH2-CH2-CH3 CH3(CH2)3CH3                                                                      

CH2=CH-CH2-CH2-CH3               CH2= CH(CH2)2CH3 
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ÊíÒËÃÑº¾Ç¡âÁàÅ¡ØÅ·Õèà»š¹Ç§  ¡ÒÃà¢ÕÂ¹â¤Ã§ÊÃŒÒ§áººÂ‹Í¨Ðà¢ÕÂ¹à»š¹ÃÙ»àËÅÕèÂÁá·¹«Öè§¨ÐáÊ´§
à©¾ÒÐ¾Ñ¹¸ÐÃÐËÇ‹Ò§ÍÐµÍÁ¢Í§¤ÒÃ�ºÍ¹ àª‹¹

CH2
H2C

HC

CH2
CH
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äÎâ´Ã¤ÒÃ�ºÍ¹

ÍÐÅÔ¿ÒµÔ¡ 

(â«‹µÃ§, â«‹¡Ôè§)

ÍÐÅÔä«¤ÅÔ¡

(â«‹»�´)

ÍÐâÃÁÒµÔ¡

(Ç§áËÇ¹)

- áÍÅà¤¹

- áÍÅ¤Õ¹

- áÍÅä¤¹�

- ä«â¤ÅáÍÅà¤¹

- ä«â¤ÅáÍÅ¤Õ¹

- ä«â¤ÅáÍÅä¤¹�

- àº¹«Õ¹

- Í¹Ø¾Ñ¹¸�¢Í§àº¹«Õ¹

- Í×è¹ æ 
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»ÃÐàÀ·¢Í§ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹ (HC)

1. áº‹§µÒÁª¹Ô´¢Í§¾Ñ¹¸Ðã¹âÁàÅ¡ØÅ ÁÕ  2  »ÃÐàÀ· ¤×Í

1.1 äÎâ´Ã¤ÒÃ�ºÍ¹ª¹Ô´ÍÔèÁµÑÇ (Saturated  Hydrocarbon)

¤×Í ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹·Õèã¹âÁàÅ¡ØÅ»ÃÐ¡Íº Œ́ÇÂ¾Ñ¹¸Ðà ṌèÂÇ·Ñé§ËÁ´ ä Œ́á¡‹ 

áÍÅà¤¹  áÅÐä«â¤ÅáÍÅà¤¹
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1.2 äÎâ´Ã¤ÒÃ�ºÍ¹ª¹Ố äÁ‹ÍÔèÁµÑÇ (Unsaturated  Hydrocarbon) 

¤×Í ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹·Õèã¹âÁàÅ¡ØÅ¹Í¡¨Ò¡ÁÕ´ŒÇÂ¾Ñ¹¸Ðà´ÕèÂÇà»š¹ËÅÑ¡áÅŒÇ ÂÑ§
ÁÕ¾Ñ¹¸Ð¤Ù‹ËÃ×Í¾Ñ¹¸ÐÊÒÁà»š¹Í§¤�»ÃÐ¡ÍºÍÂÙ‹ÍÂ‹Ò§¹ŒÍÂÍÕ¡ 1 ¾Ñ¹¸Ð ä´Œá¡‹  áÍÅ¤Õ¹ 
ä«â¤ÅáÍÅ¤Õ¹ áÍÅä¤¹� ä«â¤ÅáÍÅä¤¹� ÍÐâÃÁÒµÔ¡äÎâ´Ã¤ÒÃ�ºÍ¹

»ÃÐàÀ·¢Í§ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹ (HC)
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2. áº‹§µÒÁâ¤Ã§ÊÃŒÒ§¢Í§âÁàÅ¡ØÅ ÁÕ  3 »ÃÐàÀ· ¤×Í

2.1 ÍÐÅÔ¿ÒµÔ¡äÎâ´Ã¤ÒÃ�ºÍ¹ (Aliphatic  Hydrocarbon) ¤×Í 
ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹·ÕèÁÕâ¤Ã§ÊÃŒÒ§à»š¹áººâ«‹à»�́  

- â«‹µÃ§  = C ÍÐµÍÁ¨Ðµ‹Í¡Ñ¹à»š¹â«‹ÂÒÇËÃ×Íâ«‹µÃ§

- â«‹¡Ôè§  = C ÍÐµÍÁºÒ§ÍÐµÍÁ¨ÐáÂ¡ÍÍ¡¨Ò¡â«‹ÂÒÇÁÒà»š¹¡Ôè§

»ÃÐàÀ·¢Í§ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹ (HC)

ä´Œá¡‹ áÍÅà¤¹ áÍÅ¤Õ¹ áÍÅä¤¹� 13



2.2 ÍÐÅÔä«¤ÅÔ¡äÎâ´Ã¤ÒÃ�ºÍ¹ (Alicyclic  Hydrocarbon) ¤×Í 
ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹·ÕèÁÕâ¤Ã§ÊÃŒÒ§à»š¹áººâ«‹»�́  ËÃ×Íà»š¹Ç§ÍÒ¨¨Ðà»š¹ÊÒÁàËÅÕèÂÁ  
ÊÕèàËÅÕèÂÁ ËÃ×ÍËŒÒàËÅÕèÂÁ¡çä´Œ

»ÃÐàÀ·¢Í§ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹ (HC)

ä´Œá¡‹ ä«â¤ÅáÍÅà¤¹  ä«â¤ÅáÍÅ¤Õ¹  ä«â¤ÅáÍÅä¤¹�
2.3 ÍÐâÃÁÒµÔ¡äÎâ´Ã¤ÒÃ�ºÍ¹ (Aromatic  Hydrocarbon) ¤×Í 

ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹·ÕèÁÕÇ§áËÇ¹àº¹«Õ¹ : C6H6 à»š¹Í§¤�»ÃÐ¡Íº

ä´Œá¡‹ àº¹«Õ¹ áÅÐÍ¹Ø¾Ñ¹¸�¢Í§àº¹«Õ¹
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ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹

áÍÅà¤¹ (Alkane) à»š¹ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹·ÕèÁÕ¤ÒÃ�ºÍ¹¨Ñº¡Ñ¹´ŒÇÂ
¾Ñ¹¸Ðà´ÕèÂÇ·Ñé§ËÁ´  ÁÕª×èÍàÃÕÂ¡ÍÕ¡ÍÂ‹Ò§Ë¹Öè§Ç‹Ò ¾ÒÃÒ¿�¹ (Paraffins)

ÊÙµÃâÁàÅ¡ØÅ·ÑèÇä» : CnH2n+2 ; n = 1, 2, 3, ……

- ÃÙ»Ã‹Ò§âÁàÅ¡ØÅà»š¹ ·Ã§ÊÕèË¹ŒÒ

- ÁØÁÃÐËÇ‹Ò§¾Ñ¹¸Ðà·‹Ò¡Ñ¹áÅÐà·‹Ò¡Ñº 109.5 Í§ÈÒ 

àª‹¹ CH4

H
H

H

H

1. ÍÐÅÔ¿ÒµÔ¡äÎâ´Ã¤ÒÃ�ºÍ¹ (Aliphatic Hydrocarbon)
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¡ÒÃÍ‹Ò¹ª×èÍÊÒÃ»ÃÐ¡ÍºáÍÅà¤¹ ãËŒ¢Öé¹µŒ¹â´ÂºÍ¡¨íÒ¹Ç¹¤ÒÃ�ºÍ¹ÍÐµÍÁã¹
âÁàÅ¡ØÅâ´ÂãªŒ¨íÒ¹Ç¹¹Ñºã¹ÀÒÉÒ¡ÃÕ¡ áÅŒÇÅ§·ŒÒÂ´ŒÇÂ   “ à-¹ ”  (-ane)

ÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹
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Alkanes : ÁÕà©¾ÒÐ¾Ñ¹¸Ðà ṌèÂÇ
: C 1 - C 4 à»š¹ gas  ¤ÒÃ�ºÍ¹ÊÙ§¡Ç‹Ò¹Õéà»š¹¢Í§àËÅÇáÅÐ¢Í§á¢ç§

ª×èÍ
äÎâ´Ã¤ÒÃ�ºÍ¹

í̈Ò¹Ç¹
¤ÒÃ�ºÍ¹

ÊÙµÃâÁàÅ¡ØÅ m.p. (oC) b.p. 
(oC)

methane
ethane
propane
butane
pentane
hexane
heptane
octane

1
2
3
4
5
6
7
8

CH4
CH3 - CH3
CH3 - CH2 - CH3
CH3 - ( CH2 )2 - CH3
CH3 - ( CH2 )3 - CH3
CH3 - ( CH2 )4 - CH3
CH3 - ( CH2 )5 - CH3
CH3 - ( CH2 )6 - CH3

- 182.5
- 183.3
- 189.7
- 138.3
- 129.8
- 95.3
- 90.6
- 56.8

- 161.6
- 88.6
-42.1
-0.5
36.1
68.7
98.4
125.7

17



»ÃÐâÂª¹�¢Í§áÍÅà¤¹
1. ãªŒà»š¹àª×éÍà¾ÅÔ§

- á¡�ÊªÕÇÀÒ¾ (Bio-gas) ¤×Í á¡�ÊÁÕà·¹ (CH4)

- á¡�ÊËØ§µŒÁ ¤×Í â¾Ãà¾¹ (C3H8) + ºÔÇà·¹ (C4H10) + ÊÒÃÁÕ¡ÅÔè¹ 
(Ethyl mercaptan)

2. ãªŒà»š¹ÊÒÃµÑé§µŒ¹ÊíÒËÃÑºàµÃÕÂÁÊÒÃà¤ÁÕÍ×è¹ æ 
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Cycloalkanes (Cn H2n)  ¤×Í alkane  ·ÕèÁÕÅÑ¡É³Ðà»š¹Ç§ (ring)
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- C4 ¢Öé¹ä»¨ÐÁÕ isomer
- cyclohexane (C6)  ¨ÐÁÕ 2 isomer ¤×Í

1. chair  form   2.  boat  form
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Alkenes (Cn H2n)  àÁ×èÍ n = 2, 3, 4, ...
âÁàÅ¡ØÅÁÕ¾Ñ¹¸Ð¤Ù‹ (double bond) ÃÐËÇ‹Ò§ C ¡Ñº C  ÍÂ‹Ò§¹ŒÍÂ 1 ¾Ñ¹¸Ð 

- CH2 = CH2 (Ethene ËÃ×Í Ethylene) ÁÕ¤ÇÒÁÊíÒ¤ÑÞã¹ÍØµÊÒË¡ÃÃÁ¾ÅÒÊµÔ¡

- CH3CH = CHCH3 àÃÕÂ¡ 2–butene ÁÕ 2 isomers

cis - 2 - butene trans - 2 - butene
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polymerization→HC      CH 

Alkynes (Cn H2n - 2)  àÁ×èÍ n = 2, 3, 4, ...     
âÁàÅ¡ØÅÁÕ¾Ñ¹¸ÐÊÒÁ (triple  bond) ÃÐËÇ‹Ò§ C ¡Ñº C ÍÂ‹Ò§¹ŒÍÂ 1 ¾Ñ¹¸Ð

Acetylene  ËÃ×Í  Ethyne   ãªŒàµÃÕÂÁ vinyl chloride 
ËÃ×Í à»š¹àª×éÍà¾ÅÔ§ã¹¡ÒÃµÑ´âÅËÐ

+  HCl  → CH2=CH-Cl PVC
(vinyl chloride)

C      C 
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Aromatic  Hydrocarbon ÁÕ benzene  ring
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phenanthrene
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äÍâ«àÁÍÃÔ«ÖÁ (Isomerism)

äÍâ«àÁÍÃÔ«ÖÁ ¤×Í »ÃÒ¡¯¡ÒÃ³�·ÕèÊÒÃÁÕÊÙµÃâÁàÅ¡ØÅàËÁ×Í¹¡Ñ¹  áµ‹ÁÕÊÙµÃâ¤Ã§ÊÃŒÒ§
µ‹Ò§¡Ñ¹                                                                                                                      

- àÃÕÂ¡ÊÒÃ·ÕèÁÕÊÙµÃâÁàÅ¡ØÅàËÁ×Í¹¡Ñ¹áµ‹ÊÙµÃâÁàÅ¡ØÅµ‹Ò§¡Ñ¹Ç‹Òà»š¹ äÍâ«àÁÍÃ�¡Ñ¹

- ¨íÒ¹Ç¹â¤Ã§ÊÃŒÒ§·Õèµ‹Ò§¡Ñ¹ àÃÕÂ¡Ç‹Ò ¨íÒ¹Ç¹äÍâ«àÁÍÃ�

àª‹¹  C4H10 ÁÕ 2 äÍâ«àÁÍÃ� (2 â¤Ã§ÊÃŒÒ§)

CH3- CH2- CH2- CH3 CH3- CH- CH3

CH3
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C3H9N  ÁÕ 4  äÍâ«àÁÍÃ� (4  â¤Ã§ÊÃŒÒ§) 

H - C - C - C - N - H              H - C - C - N - C - H          

H - C - C - N - H

H - C - H

H - C - N - C - H

H - C - H

HH

H

HH

H H H

H
H

HHHH

H

H

H

H

H

H

H

H

H
H
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ËÁÙ‹áÍÅ¤ÔÅ (Alkyl Group) ¤×Í ËÁÙ‹ÍÐµÍÁ·Õèà¡Ô´¨Ò¡¡ÒÃÅ´¨íÒ¹Ç¹ÍÐµÍÁ
¢Í§äÎâ´Ãà¨¹ã¹áÍÅà¤¹Å§Ë¹Öè§ÍÐµÍÁ ãªŒÊÑÞÅÑ¡É³�á·¹´ŒÇÂ   R-

ÊÙµÃ·ÑèÇä»¢Í§ËÁÙ‹áÍÅ¤ÔÅ : CnH2n+1 ; n = 1, 2, 3, …….

¡ÒÃàÃÕÂ¡ª×èÍËÁÙ‹áÍÅ¤ÔÅ

ËÁÙ‹áÍÅ¤ÔÅ (Alkyl group) à»š¹ËÁÙ‹á·¹·Õè ÁÒ¨Ò¡ H ã¹ alkane ¢Ò´ä» 1 ÍÐµÍÁ
CH4 àÁ×èÍ H ¢Ò´ä» 1 ÍÐµÍÁ¡ÅÒÂà»š¹ CH3- : methyl
CH3-CH3 àÁ×èÍ H ¢Ò´ä» 1 ÍÐµÍÁ¡ÅÒÂà»š¹ CH3-CH2- : ethyl 
CH3-CH2-CH3 àÁ×èÍ H ¢Ò´ä» 1 ÍÐµÍÁ¡ÅÒÂà»š¹ CH3-CH2-CH2- : n-propyl
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¡ÒÃàµÃÕÂÁáÍÅà¤¹
1. ãªŒÊÒÃ»ÃÐ¡ÍºäÎâ´Ã¤ÒÃ�ºÍ¹·ÕèÁÕ¾Ñ¹¸Ð¤Ù‹ÃÐËÇ‹Ò§¤ÒÃ�ºÍ¹ 1 ¾Ñ¹¸Ð (áÍÅ¤Õ¹) ·íÒ
» Ô̄¡ÔÃÔÂÒ¡Ñº¡�Ò«  H2 â´ÂÁÕ Pt ËÃ×Í Pd ËÃ×Í Ni à»š¹µÑÇàÃ‹§» Ô̄¡ÔÃÔÂÒ àª‹¹

CH2= CH2 +    H2
Pt, Pd ËÃ×Í Ni CH3-CH3

2. ãªŒÊÒÃ»ÃÐ¡ÍºáÍÅ¤ÔÅáÎäÅ´� (RX) ·íÒ» Ô̄¡ÔÃÔÂÒ¡ÑºâÅËÐâ«à´ÕÂÁ  ¡ÒÃàµÃÕÂÁÇÔ¸Õ
¹ÕéáÍÅà¤¹·Õèä´Œ̈ ÐÁÕ¨íÒ¹Ç¹ÍÐµÍÁ¢Í§¤ÒÃ�ºÍ¹à»š¹ 2 à·‹Ò¢Í§¨íÒ¹Ç¹¤ÒÃ�ºÍ¹ã¹
ÊÒÃ»ÃÐ¡ÍºáÍÅ¤ÔÅáÎäÅ´� àª‹¹

2CH3- Br  +  2Na            CH3- CH3 + 2NaBr
28



»¯Ô¡ÔÃÔÂÒà¤ÁÕ¢Í§áÍÅà¤¹
1. » Ô̄¡ÔÃÔÂÒá·¹·Õè (Substitution  Reaction) ´ŒÇÂáÎâÅà¨¹

- àÃÕÂ¡Ç‹Ò » Ô̄¡ÔÃÔÂÒáÎâÅ¨Ôà¹ªÑ¹ (Halogenation)

- µŒÍ§ãªŒáÊ§ª‹ÇÂ (à¡Ô´» Ô̄¡ÔÃÔÂÒã¹·ÕèÊÇ‹Ò§)

- ÁÕ¡Ã´à¡Ô´¢Öé¹

- ¹ÔÂÁãªŒ  Br2 ÁÒ¡·ÕèÊØ´  à¾ÃÒÐ Br2 ÁÕÊÕÊŒÁàÁ×èÍà¡Ô´» Ô̄¡ÔÃÔÂÒáÅŒÇ
ÊÕÊŒÁ¨ÐËÒÂä»ËÃ×ÍÊÒÁÒÃ¶¿Í¡¨Ò§ÊÕ Br2 ·íÒãËŒàËç¹¡ÒÃà»ÅÕèÂ¹á»Å§ä´Œ  ´Ñ§
ÊÁ¡ÒÃ
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- C - +  Br2                   -C- Br   +   HBr(g)

- ¡ÒÃà¡Ô´» Ô̄¡ÔÃÔÂÒ¡Ñº Br2 àÃÕÂ¡Ç‹Ò âºÃÁÔà¹ªÑ¹ (Bromination)

H

H

HH

H

H
H
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CH3 - OH  : methanol, methyl alcohol, wood alcohol
: ä´Œ¨Ò¡¡ÒÃ¼ÅÔµã¹ÍØµÊÒË¡ÃÃÁà»š¹ËÅÑ¡ (CO + 2H2→CH3OH)
: ¾ÔÉÃ‹Ò§¡ÒÂ  ·íÒãËŒµÒºÍ´ ´×èÁà¢ŒÒä»ÍÒ¨·íÒãËŒàÊÕÂªÕÇÔµ

CH3CH2-OH : ethanol ËÃ×Í ethyl alcohol
:  ãªŒ¼ÊÁã¹à¤Ã×èÍ§´×èÁÁÖ¹àÁÒ ä´Œ¨Ò¡¡ÒÃËÁÑ¡¹éíÒµÒÅ

C6H12O6 +  yeast    → C2H5OH  +  2CO2

: Ethanol ÊÒÁÒÃ¶àµÃÕÂÁä´Œ¨Ò¡ÍØµÊÒË¡ÃÃÁ¨Ò¡  ethylene  (CH2=CH2)
C2H5OH CH2 = CH2 +  H2O   →

+H

Alcohol (R - OH) : ÁÕËÁÙ‹äÎ´ÃÍ¡«ÔÅ (-OH) ÍÂÙ‹ã¹âÁàÅ¡ØÅ

: Denatured alcohol ¤×Í ethyl alcohol ·ÕèÁÕ CH3OH ËÃ×Í ÊÒÃÍ×è¹à¨×Í»¹
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: alcohol  ·ÕèÁÕËÁÙ‹ -OH ÁÒ¡¡Ç‹Ò 1 ËÁÙ‹ àª‹¹

Ethylene glycol ãªŒà»š¹ antifreeze 
àµÔÁËÁŒÍ¹éíÒÃ¶

glycerol  ËÃ×Í  glycerine   
àµÃÕÂÁ¨Ò¡» Ô̄¡ÔÃÔÂÒÃÐËÇ‹Ò§ä¢ÁÑ¹¡Ñº NaOH 
ã¹ÍØµÊÒË¡ÃÃÁ·íÒÊºÙ‹ 
ãªŒà»š¹Ê‹Ç¹»ÃÐ¡Íºã¹ÂÒ áÅÐÊÒÃãËŒ¤ÇÒÁªØ‹Áª×é¹
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CH3-CH2-O-CH2-CH3 diethyl  ether
- ÂÒÊÅº  ÂÒªÒ  ÁÕÍÒ¡ÒÃ¢ŒÒ§à¤ÕÂ§ (side effect)

- à»š¹µÑÇ·íÒÅÐÅÒÂ (solvent)

: »ÃÐ¡Íº Œ́ÇÂ¾Ñ¹¸Ð  R–O–R′ àÁ×èÍ R ËÃ×Í R′ à»š¹ËÁÙ‹áÍÅ¤ÔÅ ËÃ×Í àÍÃÔÅ

CH3-O-CH2CH3 methyl  ethyl  ether  
- ãªŒà»š¹ÂÒÊÅºä Œ́ Ṍ¡Ç‹Ò äÁ‹à¡Ô´ side effect
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C     O
H

        C     H

O

CH3

Aldehyde                

: µŒÍ§ÁÕ H ÍÂ‹Ò§¹ŒÍÂ 1 ÍÐµÍÁ ·ÕèÊÃŒÒ§¾Ñ¹¸Ð¡Ñº C ã¹ËÁÙ‹¤ÒÃ�ºÍ¹ÔÅ

acetaldehyde ¼ÅÔµÀÑ³±�¨Ò¡¡ÒÃ oxidize ethanol 
àÁ×èÍ ×́èÁàËÅŒÒµÑº¨Ðà»ÅÕèÂ¹ Ethanol à»š¹ÊÒÃ¹Õé 
«Öè§à»š¹¾ÔÉµ‹Íà«ÅÅ�ã¹µÑº ËÒ¡ ×́èÁµÔ´µ‹Íà»š¹àÇÅÒ¹Ò¹

formaldehyde ãªŒ·íÒ¹éíÒÂÒ formalin ÊíÒËÃÑº,  polymer 
àª‹¹ Phenol-formaldehyde resin, Melamine áÅÐ 
Urea-Formaldehyde à»š¹µŒ¹
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: ¤ÒÃ�ºÍ¹µÃ§ËÁÙ‹¤ÒÃ�ºÍ¹ÔÅà¡ÒÐ¡Ñº¤ÒÃ�ºÍ¹Í×è¹æ   

Acetone ãªŒà»š¹µÑÇ·íÒÅÐÅÒÂ (solvent) ã¹ÍØµÊÒË¡ÃÃÁµ‹Ò§æ 
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: ÁÕËÁÙ‹¤ÒÃ�ºÍ¡«ÔÅ (–COOH) ÍÂÙ‹ã¹âÁàÅ¡ØÅ
CH3-COOH   àÃÕÂ¡  Acetic  acid  ËÃ×Í  ¡Ã´¹éíÒÊŒÁ 

HCOOH    àÃÕÂ¡  Formic  acid  ËÃ×Í  ¡Ã´Á´
39



        C    O     

O

CH3 C2H5

CH2

CH2

O

OCH

O

        C     
O

R

R
O

        C     

R
O

        C     

Ester

- ä´Œ¨Ò¡»¯Ô¡ÔÃÔÂÒÃÐËÇ‹Ò§ carboxylic  acid  +  alcohol, ÁÕ¡ÅÔè¹à©¾ÒÐµÑÇ

ethyl acetate ä¢ÁÑ¹à»š¹àÍÊà·ÍÃ�
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R

R
N

: à»š¹ÊÒÃÍÔ¹·ÃÕÂ� ·ÕèÁÕÊÁºÑµÔà»š¹àºÊ
: ÊÙµÃ·ÑèÇä» ¤×Í R3N àÁ×èÍ R ÍÒ¨à»š¹ H, ËÁÙ‹áÍÅ¤ÔÅ ËÃ×Í ËÁÙ‹àÍÃÔÅ 
: ÁÕ¡ÅÔè¹à©¾ÒÐµÑÇ (»¡µÔ¡ÅÔè¹àËÁ×Í¹¤ÒÇ»ÅÒ)

CH3 - NH2 CH3CH2 - NH2
methyl  amine        ethyl  amine    
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ÊÒÃÍÔ¹·ÃÕÂ�áÅÐ¡ÒÃàÃÕÂ¡ª×èÍ

• ¡ÒÃàÃÕÂ¡ª×èÍÊÒÃÍÔ¹·ÃÕÂ� (Nomenclature)

- ª×èÍà©¾ÒÐ (specific name) ËÃ×Í ª×èÍÊÒÁÑÞ (common name)

ÍÒÈÑÂª×èÍ¨Ò¡áËÅ‹§·Õè¾º ËÃ×Í¼Ñ¹¨Ò¡ÊÒÃ·ÕèÁÕâ¤Ã§ÊÃŒÒ§ã¡ÅŒà¤ÕÂ§¡Ñ¹

- ª×èÍã¹ÃÐººÊÒ¡Å ä´Œá¡‹ ÃÐºº IUPAC (International Union of 
Pure and Applied Chemistry ËÃ×Í ÃÐºº SYSTEMATIC
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ËÅÑ¡¡ÒÃàÃÕÂ¡ª×èÍã¹ÃÐºº IUPAC

• ÁÕ¢Ñé¹µÍ¹ËÅÑ¡ ¤×Í

1. ¡ÒÃàÅ×Í¡ÊÒÂâ«‹ËÅÑ¡ (parent chain)

àÅ×Í¡ÊÒÂâ«‹¤ÒÃ�ºÍ¹·ÕèÁÕ í̈Ò¹Ç¹¤ÒÃ�ºÍ¹·Õèµ‹Íà¹×èÍ§ÂÒÇ·ÕèÊØ´áÅÐÁÕËÁÙ‹
¿̃§¡�ªÑè¹à»š¹ÊÒÂâ«‹ËÅÑ¡ ¡íÒË¹´ª×èÍËÅÑ¡µÒÁ í̈Ò¹Ç¹¤ÒÃ�ºÍ¹ ´Ñ§¹Õé

C1 = meth C2 = eth C3 = prop C4 = but
C5 = pent C6 = hex C7 = hep C8 = oct
C9 = non C10 = dec
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CH3CH2CH2CH2CHCH3

CH3

ÊÒÂâ«‹·ÕèÂÒÇ·ÕèÊØ´ÁÕ  6  ¤ÒÃ�ºÍ¹ ª×èÍÊÒÂâ«‹ËÅÑ¡à»š¹  hexane
2. ¡ÒÃ¡íÒË¹´¤íÒÅ§·ŒÒÂ (suffix)

ª×èÍ¢Í§ÊÒÃã¹Ê‹Ç¹¹Õé ¨ÐºÍ¡Ç‹ÒÊÒÃ¹Ñé¹ÁÕËÁÙ‹¿˜§¡�ªÑ¹ËÅÑ¡ ÃÇÁ·Ñé§ÅÑ¡É³Ð¢Í§
ÊÒÂâ«‹¤ÒÃ�ºÍ¹à»š¹ÍÂ‹Ò§äÃ
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3. ¡ÒÃãËŒàÅ¢µíÒáË¹‹§
3.1 ¡íÒË¹´µíÒáË¹‹§¢Í§¤ÒÃ�ºÍ¹ã¹ÊÒÂâ«‹ËÅÑ¡ â´ÂàÃÔèÁ¨Ò¡»ÅÒÂË¹Öè§ä»ËÒ

ÍÕ¡»ÅÒÂË¹Öè§ ·Ñé§¹ÕéµŒÍ§ãËŒ¤ÒÃ�ºÍ¹·ÕèÁÕËÁÙ‹¿˜§¡�ªÑ¹ ËÃ×ÍÁÕËÁÙ‹Í×è¹ÁÒà¡ÒÐ¹ŒÍÂ·ÕèÊØ´
3.2 ºÍ¡µíÒáË¹‹§·ÕèËÁÙ‹áÍÅ¤ÔÅà¡ÒÐÍÂÙ‹º¹ÊÒÂâ«‹ËÅÑ¡ µÒÁ´ŒÇÂª×èÍËÁÙ‹áÍÅ¤ÔÅ

äÇŒË¹ŒÒª×èÍÊÒÂâ«‹ËÅÑ¡

ËÅÑ¡¡ÒÃàÃÕÂ¡ª×èÍã¹ÃÐºº IUPAC
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CH3CH2CH2CH2CHCH3

CH3

3-methylheptane

CH3CH2CH2CH2CHCH3

CH2

CH3

2-methylhexane
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3.3 ¡Ã³ÕÁÕËÁÙ‹áÍÅ¤ÔÅÁÒ¡¡Ç‹Ò 1 ËÁÙ‹ ÅíÒ´Ñº¡ÒÃàÃÕÂ¡ËÁÙ‹áÍÅ¤ÔÅàÃÕÂ§µÒÁÅíÒ´Ñº
µÑÇÍÑ¡ÉÃ

4-ethyl-2-methylhexaneCH3CH
CH3

CH2CH
CH2CH3

CH2CH3

1 2 3 4

5 6

3.4 ¶ŒÒÊÒÁÒÃ¶¹ÑºÊÒÂâ«‹ËÅÑ¡ÂÒÇ·ÕèÊØ´ä´ŒÁÒ¡¡Ç‹Ò  1 ÇÔ¸Õ  ãËŒàÅ×Í¡ÊÒÂâ«‹ËÅÑ¡
·ÕèÁÕËÁÙ‹á·¹·ÕèÁÒ¡·ÕèÊØ´

3.5 ¶ŒÒÁÕËÁÙ‹áÍÅ¤ÔÅàËÁ×Í¹¡Ñ¹ 2, 3 ËÃ×Í 4 ËÁÙ‹ ãËŒÃÐºØµíÒáË¹‹§·Ø¡µíÒáË¹‹§
áÅŒÇµÒÁ´ŒÇÂ di, tri ËÃ×Í tetra Ë¹ŒÒª×èÍËÁÙ‹áÍÅ¤ÔÅ
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CH2CH
CH3

CH CH
CHCH3

CH2CH3

CH3

CH3

CH3

12

3

4567 3-ethyl-2,4,5-trimethylheptane
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• ËÅÑ¡¡ÒÃàª‹¹à´ÕÂÇ¡ÑºáÍÅà¤¹â´Âà¾ÔèÁ¤íÒ¹íÒË¹ŒÒ “cyclo”

• ¶ŒÒÁÕËÁÙ‹á·¹·Õè 1 ËÁÙ‹äÁ‹µŒÍ§ÃÐºØµíÒáË¹‹§ËÁÙ‹á·¹·Õè

¡ÒÃàÃÕÂ¡ª×èÍä«â¤ÅáÍÅà¤¹ (cycloalkane)

isopropylcyclohexane
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• ¶ŒÒÁÕËÁÙ‹á·¹·ÕèÁÒ¡¡Ç‹Ò 1 ËÁÙ‹ãËŒàÃÕÂ¡ª×èÍËÁÙ‹á·¹·ÕèàÃÕÂ§µÒÁÅíÒ´ÑºµÑÇÍÑ¡ÉÃ
áÅÐãËŒµíÒáË¹‹§ËÁÙ‹á·¹·ÕèàÃÔèÁµŒ¹¨Ò¡ËÁÙ‹ã´ËÁÙ‹Ë¹Öè§ãËŒä´ŒµÑÇàÅ¢·Ñé§ËÁ´µèíÒ·ÕèÊǾ

C2H5

C2H5

1,1,3-trimethylcyclopentane

1,1-diethyl-4-methylcyclohexane 
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• ¶ŒÒÊ‹Ç¹·Õèà»š¹ÊÒÂâ«‹à»�́ ÁÕ¨íÒ¹Ç¹¤ÒÃ�ºÍ¹ÁÒ¡¡Ç‹ÒËÃ×ÍÁÕËÁÙ‹¿˜§¡�ªÑ¹ÍÂÙ‹´ŒÇÂ
àÃÕÂ¡ËÁÙ‹ cycloalkyl à»š¹ËÁÙ‹á·¹·Õèº¹ÊÒÂâ«‹

CH3CHCH2CH2CH2

Cl

5-cyclopropyl-3-methyloctane

2-chloro-5-cyclobutylpentane
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• ª×èÍÊÒÁÑÞ

– ÃÐºØª×èÍËÁÙ‹áÍÅ¤ÔÅ µÒÁ´ŒÇÂª×èÍËÁÙ‹àÎäÅ´�

¡ÒÃàÃÕÂ¡ª×èÍáÍÅ¤ÔÅàÎäÅ´� (alkyl halide)

CH3CH2Cl
ethyl chloride

C
CH3

Br
CH3

CH3

t-butyl bromide

CH2=CH-Cl
vinyl chloride

CH2Br

Benzyl bromide
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Cl CH2CH2CH CH3

Br
3-bromo-1-chlorobutane

bromobenzene
Br

CH3CH CH2CH CH3

Cl CH3

2-chloro-4-methylpentane

• ª×èÍ IUPAC

– àÃÕÂ¡Ç‹Ò  haloalkane â´ÂÃÐºØµíÒáË¹‹§ÍÐµÍÁàÎâÅà¨¹à»š¹ËÁÙ‹á·¹·Õè
º¹ÊÒÂâ«‹¤ÒÃ�ºÍ¹·ÕèÂÒÇ·ÕèÊØ´
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¤íÒÅ§·ŒÒÂ¢Í§Ê‹Ç¹·Õè 1 ºÍ¡ÅÑ¡É³Ð¢Í§ÊÒÂâ«‹¤ÒÃ�ºÍ¹â´Âà¢ÕÂ¹µ‹Í¨Ò¡ª×èÍËÅÑ¡ 
(parent name)

ª¹Ô´¢Í§ÊÒÂâ«‹¤ÒÃ�ºÍ¹ ¤íÒÅ§·ŒÒÂ â¤Ã§ÊÃŒÒ§ ª×èÍ

alkane - ane CH3CH2CH3 propane

alkene - ene CH2=CHCH3 propene

alkyne - yne HC≡CCH3 propyne
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• ª×èÍÊÒÁÑÞ

¡ÒÃàÃÕÂ¡ª×èÍáÍÅ¤Õ¹ (alkene)

    CH2=CH2
  Ethylene

    CH3CH=CH2
  Propylene

    CH3CH2CH=CH2
  Butylene

CH3  C =  CH
2

CH3

Isobutylene
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		    CH2=CH2

		  Ethylene



		    CH3CH=CH2

		  Propylene  



		    CH3CH2CH=CH2

		  Butylene








3







CH







2







  C =  CH







3







CH













     CH2=CH-   Vinyl 

     CH2=CH-CH2-   Allyl 

     CH2=CHBr   Vinyl bromide 

     CH2=CHCH2Cl   Allyl chloride 
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		     CH2=CH-

		  Vinyl



		     CH2=CH-CH2-

		  Allyl



		     CH2=CHBr

		  Vinyl bromide



		     CH2=CHCH2Cl

		  Allyl chloride







• ª×èÍIUPAC

– àÅ×Í¡ÊÒÂâ«‹¤ÒÃ�ºÍ¹ÂÒÇ·ÕèÊØ´áÅÐÁÕ¾Ñ¹¸Ð¤ Ù‹ÍÂÙ‹´ŒÇÂ  à»š¹ª×èÍÊÒÂâ«‹ËÅÑ¡ 
alkene

– ÃÐºØµíÒáË¹‹§¾Ñ¹¸Ð¤Ù‹â´ÂàÃÔèÁ¹ÑºµíÒáË¹‹§¨Ò¡»ÅÒÂÊÒÂâ«‹´ŒÒ¹·ÕèÍÂÙ‹ã¡ÅŒ
¾Ñ¹¸Ð¤Ù‹

CH2=CHCH2CH3 1-butene

CH3CH=CHCH2CH3 2-pentene

CH2=CHCH2CH2CH2CH3 1-hexene
57



– ¶ŒÒÁÕËÁÙ‹á·¹·Õè àÃÕÂ¡ª×èÍËÁÙ‹á·¹·Õè  áÅÐÃÐºØµíÒáË¹‹§ËÁÙ‹á·¹·Õè´ŒÇÂ

6,6-dimethyl-2-heptene

2,5-dimethyl-2-hexeneC CH CH2CHCH3

CH3

CH3

CH3

CH CH CH2CH2CH3 C
CH3

CH3

CH3
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– ¶ŒÒÁÕ¾Ñ¹¸Ð¤Ù‹ 2 µíÒáË¹‹§º¹ÊÒÂâ«‹ËÅÑ¡  ÃÐºØµíÒáË¹‹§¾Ñ¹¸Ð¤Ù‹·Ñé§ËÁ´ 
à»ÅÕèÂ¹¤íÒÅ§·ŒÒÂª×èÍ¨Ò¡ -ene à»š¹ -diene

CH2 C CH CH2CH3 1,2-pentadiene

CH2 CH CH CHCH3 1,3-pentadiene

CH2 C CH CHCH3

CH3

2-methyl-1,3-pentadiene

59



ä«â¤ÅáÍÅ¤Õ¹ãËŒµíÒáË¹‹§¾Ñ¹¸Ð¤Ù‹ÍÂÙ‹ÃÐËÇ‹Ò§¤ÒÃ�ºÍ¹ÍÐµÍÁ·Õè 1 áÅÐ 2
áÅÐãËŒ µíÒáË¹‹§ ËÁÙ‹á·¹·ÕèÁÕàÅ¢µèíÒ·ÕèÊØ´

CH3

CH3CH3

1-methylcyclohexene

3,5-dimethylcyclohexene
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¡ÒÃàÃÕÂ¡ª×èÍáÍÅä¤¹� (alkyne)
• ª×èÍÊÒÁÑÞ

– Í¹Ø¾Ñ¹¸�¢Í§ acetylene 

– ÃÐºØËÁÙ‹áÍÅ¤ÔÅ·Õèá·¹·Õè H ¢Í§ acetylene àÃÕÂ§µÒÁÅíÒ Ñ́ºÍÑ¡ÉÃ

CH CH acetylene

CH C CH3

CH C CH2CH3

C CCH3 CH2CH3

methylacetylene

ethylmethylacetylene

ethylacetylene
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• ª×èÍIUPAC

– àÅ×Í¡ÊÒÂâ«‹¤ÒÃ�ºÍ¹·ÕèÂÒÇ·ÕèÊØ´áÅÐÁÕ¾Ñ¹¸ÐÊÒÁÍÂÙ‹´ŒÇÂ  à»š¹ª×èÍÊÒÂâ«‹
ËÅÑ¡ alkyne

– ÃÐºØµíÒáË¹‹§¾Ñ¹¸ÐÊÒÁâ´ÂàÃÔèÁ¹ÑºµíÒáË¹‹§¨Ò¡»ÅÒÂÊÒÂâ«‹´ŒÒ¹·ÕèÍÂÙ‹ã¡ÅŒ
¾Ñ¹¸ÐÊÒÁ

CH CH ethyne

CH C CH3
propyne

C CCH3 CH2CH3 2-pentyne

CH C CH2CH3 1-butyne
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– ¶ŒÒº¹ÊÒÂâ«‹ËÅÑ¡ÁÕ¾Ñ¹¸Ð¤Ù‹áÅÐ¾Ñ¹¸ÐÊÒÁ ãËŒµíÒáË¹‹§¾Ñ¹¸Ð¤Ù‹à»š¹àÅ¢µèíÒ¡Ç‹Ò
áÅÐàÃÕÂ¡ÊÒÂâ«‹ËÅÑ¡à»š¹ alkene

– µ‹Í·ŒÒÂª×èÍ´ŒÇÂµíÒáË¹‹§¾Ñ¹¸ÐÊÒÁáÅÐ -yne

CH2 C
CH3

C C CH3 2-methyl-1-pentene-3-yne

CH C CH2CH CH2 1-pentene-4-yne
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¡ÒÃàÃÕÂ¡ª×èÍÍ¹Ø¾Ñ¹¸� àº¹«Õ¹
• àº¹«Õ¹·ÕèÁÕ 1 ËÁÙ‹á·¹·Õè

– ÃÐºØª×èÍËÁÙ‹á·¹·ÕèäÇŒË¹ŒÒ benzene

Br NO2 C(CH3)3

bromobenzene nitrobenzene t-butylbenzene
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• àº¹«Õ¹·ÕèÁÕ 1 ËÁÙ‹á·¹·Õè

– ª×èÍÊÒÁÑÞ¢Í§ÊÒÃ»ÃÐ¡ÍºËÅÒÂª¹Ô´ÂÍÁÃÑºã¹ÃÐºº IUPAC

C
O

H

CH3

C
O

OH C
O

CH3

OH NH2

benzaldehyde benzoic acid acetophenone

toluene phenol aniline

OMe

anisole
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• àº¹«Õ¹·ÕèÁÕ 2 ËÁÙ‹á·¹·Õè

– ãªŒ ortho (o)- meta (m)- áÅÐ para (p)- ã¹¡ÒÃÃÐºØ
µíÒáË¹‹§ËÁÙ‹á·¹·Õè·Õè  1,2 1,3 áÅÐ 1,4 µÒÁÅíÒ´Ñº

Br
Br

NO2

CH3

F COOH

o-dibromobenzene
1,2-dibromobenzene

m-nitrotoluene
3-nitrotoluene

p-fluorobenzoic acid
4-fluorobenzoic acid
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• àº¹«Õ¹·ÕèÁÕËÁÙ‹á·¹·ÕèÁÒ¡¡Ç‹Ò 2 ËÁÙ‹

– ãªŒµÑÇàÅ¢ã¹¡ÒÃÃÐºØµíÒáË¹‹§ËÁÙ‹á·¹·Õè

– ËÁÙ‹á·¹·Õèã¹ª×èÍËÅÑ¡ÍÂÙ‹µíÒáË¹‹§·Õè 1

– ËÁÙ‹á·¹·ÕèÍ×è¹ÁÕàÅ¢µíÒáË¹‹§¹ŒÍÂ·ÕèÊØ´

– àÃÕÂ¡ª×èÍËÁÙ‹á·¹·ÕèàÃÕÂ§ÅíÒ´ÑºµÑÇÍÑ¡ÉÃ
Br

Br

Br

CH3

NO2O2N

NO2

F OH

NO2

1,2,4-tribromobenzene 2,4,6-trinitrotoluene 4-fluoro-2-nitrophenol
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• àº¹«Õ¹à»š¹ËÁÙ‹á·¹·Õèº¹ÊÒÂâ«‹¤ÒÃ�ºÍ¹àÃÕÂ¡ª×èÍËÁÙ‹´Ñ§¹Õé 

CH2

phenyl benzyl

C CH2
CH3

CH
CH3

CH2CH2CH2CH2CH3

2-phenylheptane 2-phenylpropene

68



¡ÒÃàÃÕÂ¡ª×èÍáÍÅ¡ÍÎÍÅ� (alcohol)
• ª×èÍÊÒÁÑÞ

– ÃÐºØª×èÍËÁÙ‹áÍÅ¤ÔÅ µÒÁ Œ́ÇÂ alcohol

CH3CH2OH CH3CH2CH2OH

CH3CH
CH3

OH
CH3C

CH3

OH
CH3

ethyl alcohol n-propyl alcohol

isopropyl alcoholtert -butyl alcohol

O HR
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• ª×èÍ IUPAC

– àÅ×Í¡ÊÒÂâ«‹¤ÒÃ�ºÍ¹ÂÒÇ·ÕèÊØ´áÅÐÁÕËÁÙ‹ -OH à»š¹ª×èÍÊÒÂâ«‹ËÅÑ¡ alkanol

– ÃÐºØµíÒáË¹‹§ -OH â´ÂãËŒµíÒáË¹‹§ -OH ÁÕàÅ¢µèíÒ·ÕèÊØ´

CH3CH2OH CH3CH2CH2OH

ethanol 1-propanol

CH3 C
CH3

CH3

CH2OH

2,2-dimethyl-1-propanol

CH2CH2OH

2-phenylethanol
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HO-CH2-CH= CH-CH2CH3

OH

2-penten-1-ol

2-cyclohexen-1-ol

CH3 C
CH3

CH3

CH CH2OH
Cl

2-chloro-3,3-dimethyl-1-butanol
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CH3 CH
OH

CH2OH

1,2-propanediol
propylene glycol

HO-CH2-CH2-OH

1,2-ethanediol
ethylene glycol

– áÍÅ¡ÍÎÍÅ�·ÕèÁÕËÁÙ‹ -OH 2 ËÁÙ‹ àÃÕÂ¡Ç‹Ò diol ËÃ×Í glycol
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¡ÒÃàÃÕÂ¡ª×èÍä·ÍÍÅ (thiol)

• ª×èÍÊÒÁÑÞ -ÃÐºØª×èÍËÁÙ‹áÍÅ¤ÔÅ µÒÁ´ŒÇÂ mercaptan

• ª×èÍ IUPAC -ª×èÍÊÒÂâ«‹ËÅÑ¡ alkanethiol ÃÐºØµíÒáË¹‹§ -SH ´ŒÇÂ

CH3CH2SH CH3CH2CH2SH

CH CH2SHCH2CH3C
CH3

SH
CH3

ethyl mercaptan
ethanethiol

n-propyl mercaptan
1-propanethiol

allyl mercaptan
2-propene-1-thiol

tert -butyl mercaptan
2-methyl-2-propanethiol

S HR
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¡ÒÃàÃÕÂ¡ª×èÍ¿‚¹ÍÅ (phenol)
• àÃÕÂ¡à»š¹Í¹Ø¾Ñ¹¸�¢Í§ phenol

o-chlorophenol
2-chlorophenol

O H

Cl

O H

O2N

O HCH3O H

CH3

m-nitrophenol
3-nitrophenol

2-methylphenol
o-cresol

4-methylphenol
p-cresol

O H
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• àÃÕÂ¡à»š¹ hydroxy compounds

1,2-dihydroxybenzene
catecholO H

OH

O H

OH

O HOH

O H

COOH
o-hydroxybenzoic acid
salicylic acid

1,3-dihydroxybenzene
resorcinol

1,4-dihydroxybenzene
hydroquinone
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¡ÒÃàÃÕÂ¡ª×èÍÍÕà·ÍÃ� (ether)
• ª×èÍÊÒÁÑÞ

– ÃÐºØª×èÍËÁÙ‹áÍÅ¤ÔÅ 2 ËÁÙ‹·Õèµ‹Í¡Ñº O àÃÕÂ§ÅíÒ Ñ́ºµÑÇÍÑ¡ÉÃµÒÁ Œ́ÇÂ ether

CH3CH2OCH3 CH3CH2OCH2CH3

CH3CH
CH3

OCH3C
CH3

O
CH3

CH3

ethyl methyl ether diethyl ether

isopropyl phenyl ethertert -butyl methyl ether

O R'R 76



• ª×èÍIUPAC

– ËÁÙ‹ -OR à»š¹ËÁÙ‹á·¹·Õèº¹ÊÒÂâ«‹ alkane àÃÕÂ¡Ç‹ÒËÁÙ‹ alkoxy

CH3CH2OCH3
CH3CH2OCH2CH3

CH2CH2 CH3OCH3O
CH3C

CH3

O
CH3

CH3

methoxyethane 

1,2-dimethoxyethane2-methoxy-2-methylpropane

ethoxyethane 
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• Cyclic ether

– ãªŒ cycloalkane à»š¹ª×èÍËÅÑ¡ 

– àÃÕÂ¡ÍÐµÍÁ O ·Õèá·¹·ÕèËÁÙ‹ -CH2- Ç‹Ò oxa 

O O O

O

O

O

oxirane
oxacyclopropane

oxetane
oxacyclobutane

oxolane
oxacyclopentane

oxane
oxacyclohexane

1,4-dioxane
1,4-dioxacyclohexane
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¡ÒÃàÃÕÂ¡ª×èÍä·âÍÍÕà·ÍÃ� (thioether)

• ª×èÍÊÒÁÑÞ -ÃÐºØª×èÍËÁÙ‹áÍÅ¤ÔÅ·Õèµ‹Í¡Ñº S µÒÁ Œ́ÇÂ sulfide

• ª×èÍ IUPAC -ËÁÙ‹ -SR à»š¹ËÁÙ‹á·¹·Õèº¹ÊÒÂâ«‹ËÅÑ¡ alkane àÃÕÂ¡Ç‹Ò
ËÁÙ‹ alkylthio

CH3CH2-S CH2CH3 CH3CH2CH2 S-CH3

diethyl sulfide
ethylthio ethane

methyl propyl sulfide
1-methylthio propane

S R'R
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¡ÒÃàÃÕÂ¡ª×èÍáÍÅ´ÕäÎ´� (aldehyde)
• ª×èÍÊÒÁÑÞ

– àÃÕÂ¡µÒÁª×èÍ¡Ã´¤ÒÃ�ºÍ¡«ÔÅÔ¡·ÕèÁÕ í̈Ò¹Ç¹¤ÒÃ�ºÍ¹à·‹Ò¡Ñ¹â´Âà»ÅÕèÂ¹ 

-(o)ic acid à»š¹ aldehyde

C
O

HH

formaldehyde

C
O

HCH3

acetaldehyde

C
O

H

benzaldehyde

C
O

HR
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• ª×èÍ IUPAC

– ÊÒÂâ«‹¤ÒÃ�ºÍ¹ÂÒÇ·ÕèÊØ´áÅÐÁÕËÁÙ‹ à»š¹ª×èÍÊÒÂâ«‹ËÅÑ¡ alkanal  

â´ÂËÁÙ‹ ÍÂÙ‹µíÒáË¹‹§·Õè 1

C
O

H

C
O

H

C
O

HH
methanal

C
O

HCH3

ethanal

C
O

HC
H

CH2

propenal

C
O

HCH
CH3

CH3CH2CH2

2-methylpentanal
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¡ÒÃàÃÕÂ¡ª×èÍ¤Õâµ¹ (ketone)
• ª×èÍÊÒÁÑÞ

– ª×èÍà©¾ÒÐ·ÕèÂÍÁÃÑº 

C
O

CH3CH3
acetone

C
O

CH3

acetophenone

C
O

benzophenone

C
O

R'R
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– ÃÐºØª×èÍËÁÙ‹áÍÅ¤ÔÅ 2 ËÁÙ‹·Õèµ‹Í¡ÑºËÁÙ‹ C=O  àÃÕÂ§ÅíÒ Ñ́ºµÑÇÍÑ¡ÉÃµÒÁ
Œ́ÇÂ  ketone

C
O

CH2CH3CH3

ethyl methyl ketone

C
O

CH2CH3

benzyl methyl ketone
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• ª×èÍ IUPAC

– ÊÒÂâ«‹¤ÒÃ�ºÍ¹ÂÒÇ·ÕèÊØ´áÅÐÁÕËÁÙ‹ à»š¹ª×èÍÊÒÂâ«‹ËÅÑ¡ 

alkanone  ÃÐºØµíÒáË¹‹§â´ÂËÁÙ‹ ÍÂÙ‹µíÒáË¹‹§àÅ¢µèíÒ·ÕèÊØ´

C
O

C
O

CH2CH3CH3

butanone

C
O

CH2CH3

phenylpropanone

C
O

CH3CH3
propanone

C
O

CH2CH3CH3CH2

3-pentanone

C
O

CH2CH2CH3CH3

2-pentanone

C
O
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– ÊíÒËÃÑº cyclic ketone ËÁÙ‹       ÍÂÙ‹µíÒáË¹‹§·Õè 1C
O

OCH3
O

4-methylcyclohexanone 4-methyl-3-penten-2-one
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¡ÒÃàÃÕÂ¡ª×èÍ¡Ã´¤ÒÃ�ºÍ¡«ÔÅÔ¡ (carboxylic acid)

• ª×èÍÊÒÁÑÞ

– ÁÑ¡àÃÕÂ¡µÒÁáËÅ‹§·ÕèÁÒ  Å§·ŒÒÂ´ŒÇÂ -ic acid

– ºÍ¡µíÒáË¹‹§ËÁÙ‹á·¹·Õè´ŒÇÂ a-, b-, g-, d-

C
O

OHCH2CH3CH2CH2

αβγδ

C
O

OHR
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C
O

OHCH3

acetic acid

C
O

OH

benzoic acid

C
O

OHH
C
O

OHCH3CH2CH2

C
O

OHCH
CH3

CH3CH2

formic acid butyric acid

α-methylbutyric acid

αβγ

C

O

OHCH3CH2CH2CH2

valeric acid

isovaleric acid

C
O

OHCH2CH
CH3

CH3

C
O

OH

OH
salicylic acid 87



• ª×èÍ IUPAC

– ÊÒÂâ«‹¤ÒÃ�ºÍ¹ÂÒÇ·ÕèÊØ´áÅÐÁÕËÁÙ‹ -COOH à»š¹ª×èÍÊÒÂâ«‹ËÅÑ¡ 

alkanoic acid  â´ÂËÁÙ‹ -COOH ÍÂÙ‹µíÒáË¹‹§·Õè 1 àÊÁÍ

C
O

OHCH3

ethanoic acid

C
O

OHH
C
O

OHCH3CH2CH2

C
O

OHCH
CH3

CH3CH2

methanoic acid butanoic acid

2-methylbutanoic acid 88



COOH

cyclohexanecarboxylic acid

HOOCCH2CH2COOH

butanedioic acid

– ËÁÙ‹ -COOH á·¹·Õèº¹Ç§àÃÕÂ¡ª×èÍÇ§µ‹Í´ŒÇÂ -carboxylic acid

– ÊÒÃ·ÕèÁÕËÁÙ‹ -COOH 2 ËÁÙ‹ Å§·ŒÒÂª×èÍ´ŒÇÂ -dioic acid
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COO

sodium benzoate

Na
+-HCOO  NH4

+

ammonium formate

CH COO
Br

BrCH2 K
+-

potassium 2,3-dibromopropanoate

-

– à¡Å×Í¢Í§¡Ã´¤ÒÃ�ºÍ¡«ÔÅÔ¡ àÃÕÂ¡Ê‹Ç¹ anion µÒÁª×èÍ¡Ã´â´Âà»ÅÕèÂ¹ -
ic acid à»š¹ -ate
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– ª×èÍËÁÙ‹ acyl       àÃÕÂ¡µÒÁª×èÍ¡Ã´â´Âà»ÅÕèÂ¹ -ic acid à»š¹ -ylC
O

R

C
O

CH3

ethanoyl group
acetyl group

C
O

H
C
O

CH3CH2CH2

methanoyl group
formyl group

butanoyl group
butyryl group

C
O

benzoyl group
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¡ÒÃàÃÕÂ¡ª×èÍÍ¹Ø¾Ñ¹¸�¢Í§¡Ã´¤ÒÃ�ºÍ¡«ÔÅÔ¡
• Acid chloride

– àÃÕÂ¡ª×èÍËÁÙ‹ acyl µÒÁ Œ́ÇÂ chloride

C
O

ClCH3

ethanoyl chloride
acetyl chloride

C
O

ClH
C
O

ClCH3CH2CH2

methanoyl chloride
formyl chloride

butanoyl chloride
butyryl chloride

C
O

Cl

benzoyl chloride

C
O

ClR
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• Acid anhydride

– à»ÅÕèÂ¹¤íÒ acid ã¹ª×èÍËÁÙ‹¡Ã´¤ÒÃ�ºÍ¡«ÔÅÔ¡ËÅÑ¡ à»š¹ 
anhydride

ethanoic anhydride
acetic anhydride benzoic anhydride

C
O

O
C
O

CH3

C
O

OCH3

C
O

R
C
O

OR
C
O
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• Ester

– àÃÕÂ¡ª×èÍËÁÙ‹áÍÅ¤ÔÅ·ÕèÁÒ¨Ò¡áÍÅ¡ÍÎÍÅ� µÒÁ´ŒÇÂÊ‹Ç¹·ÕèÁÒ¨Ò¡¡Ã´¤ÒÃ�ºÍ¡«Ô
ÅÔ¡â´Âà»ÅÕèÂ¹¤íÒ -ic acid ã¹ª×èÍËÁÙ‹¡Ã´¤ÒÃ�ºÍ¡«ÔÅÔ¡ËÅÑ¡à»š¹ -ate

C
O

OR
R'

Ê‹Ç¹·ÕèÁÒ¨Ò¡¡Ã´¤ÒÃ�ºÍ¡«ÔÅÔ¡
alkanoate

Ê‹Ç¹·ÕèÁÒ¨Ò¡áÍÅ¡ÍÎÍÅ�
alkyl

Alkyl alkanoate

C
O

OR
R'
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ethyl acetate
ethyl ethanoate 2-chloroethyl benzoate

C
O

OCH3

CH2CH3

C
O

O
CH2CH2Cl
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• Amide

– à»ÅÕèÂ¹¤íÒ -(o)ic acid ã¹ª×èÍ¡Ã´¤ÒÃ�ºÍ¡«ÔÅÔ¡ËÅÑ¡ à»š¹ -amide

ethanamide
acetamide benzamide

C
O

NH2CH3

C
O

NH2

3-methylbutanamide 

C
O

NH2(CH3)2CHCH2

C
O

NH2R
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– ¶ŒÒÁÕËÁÙ‹á·¹·Õè·Õè N ÃÐºØ N-alkyl ËÃ×Í N,N-dialkyl Ë¹ŒÒª×èÍËÅÑ¡

N-methylethanamide
N-methylacetamide N-ethyl-N-methylbenzamide

C
O

N
H

CH3

CH3
C
O

N
CH3

CH2CH3
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• Nitrile

– àÃÕÂ¡ª×èÍÊÒÂâ«‹ËÅÑ¡ alkane (ÃÇÁ¤ÒÃ�ºÍ¹¢Í§ËÁÙ‹ nitrile) µÒÁ´ŒÇÂ 
nitrile ËÃ×Í

– à»ÅÕèÂ¹¤íÒ -(o)ic acid ã¹ª×èÍËÁÙ‹¡Ã´¤ÒÃ�ºÍ¡«ÔÅÔ¡ËÅÑ¡ à»š¹ -onitrile

ethanenitrile
acetonitrile benzonitrile

C NCH3

C N CH3

C
H

CH3 C N

2-methylpropanenitrile

C NR
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• ª×èÍÊÒÁÑÞ

– àÃÕÂ¡ª×èÍËÁÙ‹áÍÅ¤ÔÅ·Õèµ‹Í¡Ñº N ·ÕÅÐËÁÙ‹ Å§·ŒÒÂ Œ́ÇÂ amine

CH3

C
H

CH3 NH2

isopropylamine

CH3CH2NH2

NH2

cyclohexylamineethylamine

CH3CH2NHCH3

ethylmethylamine

CH3

C
H

CH3CH2CH2 NH2

1-methylbutylamine

CH3CH2 N CH2CH3

CH2CH3

triethylamine

¡ÒÃàÃÕÂ¡ª×èÍÍÐÁÕ¹ (Amine) R NH2
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• ª×èÍ IUPAC

– àÃÕÂ¡ª×èÍÊÒÂâ«‹·ÕèÁÕËÁÙ‹ -NH2 ÍÂÙ‹´ŒÇÂà»š¹ª×èÍËÅÑ¡ alkanamine

– ¶ŒÒËÁÙ‹ -NH2 äÁ‹ÍÂÙ‹º¹¤ÒÃ�ºÍ¹»ÅÒÂ µŒÍ§ÃÐºØµíÒáË¹‹§´ŒÇÂ

CH3

C
H

CH3 NH2

2-propanamine

CH3CH2NH2

NH2

cyclohexanamineethanamine

CH3

C
H

CH3CH2CH2 NH2

2-pentanamine

100



– ¶ŒÒÁÕËÁÙ‹á·¹·Õè·Õè N ÃÐºØ N-alkyl ËÃ×Í N,N-dialkyl Ë¹ŒÒª×èÍËÅÑ¡
alkanamine

N CH3

CH2CH3

N-ethyl-N-methylcyclohexanamine

CH3CH2 N CH2CH3

CH2CH3

N,N-diethylethanamine
N-methylethanamine

CH3CH2 N
H

CH3
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– aniline à»š¹ª×èÍËÅÑ¡¢Í§ benzene ·ÕèÁÕËÁÙ‹ -NH2 á·¹·Õè

N
H

CH3

Cl

O2N

4-chloro-N-methyl-3-nitroaniline

NH2

aniline
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– ¶ŒÒª×èÍÊÒÂâ«‹ËÅÑ¡ÁÕËÁÙ‹¿˜§¡�ªÑ¹Í×è¹  àÃÕÂ¡ËÁÙ‹ -NH2 à»š¹ËÁÙ‹á·¹·ÕèÇ‹Ò
amino

HOCH2CH2 NH2

2-aminoethanol

NH2C
O

H

p-aminobenzaldehyde
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นํา้มันปิโตรเลยีม (Petroleum) 

นํา้มันดิบ (crude oil) ซ่ึงเกดิจากการทบัถมของซากพืชและสัตว์

ภายใต้อุณหภูมิและความดันทีเ่หมาะสมเป็นเวลานานหลายล้านปี ประกอบด้วย

สารประกอบไฮโดรคาร์บอน (C และ H) เป็นองค์ประกอบหลกั เช่น 

สารประกอบ   alkanes, cycloalkanes  และสารประกอบ aromatics  

เม่ือนํามาผ่านกระบวนการกลัน่ลาํดับส่วน (Fractional distillation) 

สามารถจําแนกสารประกอบตามจุดเดือด ดังตาราง







fraction C-atom boiling point 

range (oC)

การใช้งาน

natural gas C
1

– C
4

-161 – 20 เช้ือเพลงิ  ก๊าซหุงต้ม

petroleum ether C
5

– C
6

30 – 60 ตัวทาํละลาย

Gasoline C
6

– C
12

30 – 180 เช้ือเพลงิ

Kerosene C
11

– C
16

170 – 290 เช้ือเพลงิ

Heating fuel oil C
14

– C
18

260 – 350 เช้ือเพลงิ

Lubricating oil C
15

– C
24

300 - 370 สารหล่อล่ืน



C
1
-C

4
จะเข้าสู่กระบวนการกลัน่แยกอกีคร้ังหน่ึงเพ่ือให้ได้สารประกอบแต่ละตัวคือ

CH
4

ประโยชน์นําไปผลติ syn-gas (CO และ H
2
) และเป็นเช้ือเพลงิ

C
2
H

6
ผ่านกระบวนการ Thermal cracking ได้ Ethene (H

2
C=CH

2
) 

เป็นวตัถุดิบผลติPolyethylene (PE)

C
3
H

8
ผ่านกระบวนการ Thermal cracking ได้ propylene (CH

3
HC=CH

2
) 

ผลติPolypropylene (PP)

C
4
H

10
ผ่านกระบวนการThermal cracking ได้ butadiene (CH

2
=CHCH=CH

2
)

ผลติยางสังเคราะห์ (SBR)

ส่วนปิโตรเลยีมอเีธอร์ (C
5
-C

6
) กจ็ะเข้าสูกระบวนการ Thermal cracking 

และ Isomerization เพ่ือให้ได้ C
1
-C

4
และเข้าสู่กระบวนการแยกอกีคร้ัง 

ส่วนกากทีเ่หลือจากกระบวนการสามารถใช้เป็นเช้ือเพลงิได้



Polymer

:  ประกอบด้วยหน่วยเลก็ๆ (monomer) ต่อกนัเป็นโมเลกุลใหญ่

:  อาจมีอยู่ตามธรรมชาติ เช่น  ยาง  แป้ง   เซลลูโลส  โปรตีน

หรือสามารถสังเคราะห์ได้

ชนิดของ polymer

1. Additional Polymer การเติม monomer ไปที ่monomer อ่ืนเร่ือยๆ

- Homopolymer คือ polymer ทีเ่กดิจาก 

monomer ชนิดเดียวกนั   







- Copolymer คือ polymer  ทีเ่กดิจาก  monomer  ต่างชนิดกนั

เช่น  styrene + butadiene → ยางสังเคราะห์ 

(styrene butadiene rubber : SBR)



2. Condensation  polymer 

: เป็น polymer ทีเ่กดิจาก monomer ทีม่ี functional group มากกว่า 2 หมู่

Nylon 66





ชนิดของพลาสติก

1.  Thermoplastic  

: เป็นพลาสติกทีส่ามารถหลอม ขึน้รูป หรือนํากลบัมาใช้ใหม่ได้

- นิยมใช้มากทีสุ่ด

- นํากลบัมาหลอมใหม่ด้วยความร้อน และขึน้รูปใหม่ได้

เช่น  polyethylene (PE), polypropylene (PP), 

polystyrene (PS)

2.   Thermosetting  plastics 

: พลาสติกทีขึ่น้รูปพร้อมกบัผ่านกระบวนการโพลเิมอไรซ์

ด้วยความร้อนในเวลาเดียวกนั

- หลอมใหม่ไม่ได้  เปลีย่นรูปไม่ได้   ทนสารเคมี

เช่น  melamine,  epoxy,  polyurethane



Natural  polymer หรือ  macromolecule  ทีม่ีตามธรรมชาติได้แก่

1.   Carbohydrates   มีหน่วยโครงสร้างพืน้ฐาน คือ glucose

2.   Proteins มีหน่วยโครงสร้างพืน้ฐาน คือ amino acid

3.   Rubber มีหน่วยโครงสร้างพืน้ฐาน คือ isoprene
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