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b_x,>6J4xyb_<?B&9";=>6b_Jdb_JC;=GID�FHG)DVBT>UFV9�n™ˆ•b_JrN4>\JIm&>\J�9EBTb_n6DLFzeIn\D13

�&*-,�� */, � 1.A 6-=BA 	 � 0�� 
�6/1 ��4 1.: A

�¬Ji;?G)DaKƒ>6BT‚)n\D�Kœ;dxyb_<?B 9�J¦7«ª N4>U9�m_<H9�B K=G)b"O¤K �œerKœ;d;=G)D�DVJIDV<?m_o b�x�;?G)D«b1<=ˆI>A;H9�nUK

b_xZ9�Ji9�;=b_B˜•P>\b1Jv•Pb_<&BTb_n6DLFVe)n\D13 tpG)D˜DVJ)DL<=m1o.>6JIFz<?DL91KƒD�Kkxy<?b_Bs;=G)D�ˆ•b�;=;=b1Bsb�xZ;=GID

N4>U9�m1<?9_B“e)‚/Op9�<HN)KV•)9_JINC;=G)DkDVJ)DL<=m1o^n6DVQ_DLn6KM9_<=D�K=G)b"OMJ˜ˆ/o^G)b1<=>6•Vb1Jf;?9�n™n6>6J)DLKL3	�­x�;=GIDV<?D

>UK N)DVm_DLJ)DV<H9_FVok;œOPb�b1< BTb_<?D€n6>6J)DLKP9�<?D€N4<H9ROMJ J)DV@f; ;=bEDL91FHG&b�;=GIDV< ��91K B&9�J/o&9_K¢;=GIDV<?D

9_<=DSb_<?ˆ)>A;H9�nUK OM>\;=GC;=G)DXK?9�BTDSDLJ)DV<?m_o13 #šDL<=o&b_x ;=DLJv•/ˆ)e4;MJ)b�;M9�n6Op9Ro/KL•�;?G)DXb_<?ˆ)>\;?9�nUK¢;=GI9�;

9_<=DdeIK=DLN ;=b�xyb_<?Bs9®j/nU9";=DL<&N4Dz;?DV<?BE>6JI9_J1; 9_<=Dd>\JrN4>6FL9";?DLN ˆ/o N4<H9ROM>\J)m«>\J DLn\D�F„;=<?b_JrK

eIK=>6J)mC9_<=<?b"O¤Kp;=bd>6JIN4>UFV9";?Dk;?G)DTKƒ‚)>6Jv3�§Ib_<ZDz@)9�BT‚)n6D_••;=GIDT7�ª’N4>69_m_<H9�BŠ>6J	�Im1e)<=D{hI3}w

<?DV‚)<?DLK=DVJf;HK¢;?G)D{ª

-

BTb_n6DLFzeIn\D13

tpG)D�7«ª{£ Kpxyb1<=BTDLNdˆ/o&;?G)D 5�”Yb_<?ˆ)>A;H9�nUKpGI9RQ_DXˆ•DVDLJ�n\DVx ;€b_e4;�3¢7«ª N4>U9�m_<H9�B&KPQ_DL<=o

b_x ;=DVJEN4b€JIb�;šKƒG)b"O.9_n\n/b1<=ˆ)>\;?9_n6KL•Rˆ)e4;�b_J)n6oX;=GID b1J)DLK!;=GI9�;�9_<=D <=DLn\DLQ"9�Jf;!xyb1<�9€‚I9�<=;=>UFzeIn69_<

91Kƒ‚•DLFz;�b_xr;?G)D¤ˆ•b_JIN)>\J)mr3,`�D¤FV9_J&KƒDLD ;?G)D¤e)JI‚I9�>6<=D�NkDLn\D�F„;?<=b1JE>6JE;=G)DMGI>\m1G)DLKƒ; b4FVFzeI‚)>\D�N

7«ª{3

�

tpG)>UKXb_<?ˆ)>A;H9�nš>UKXm_DLJ)DV<H9�n6n\o:9_ˆ)ˆ)<?DVQ/>U9";=D�N:;?b � � � �P3vtpGIDEn6b"OPDLKƒ;XeIJ)b4FVFzeI‚)>\D�N

7«ª >6KšFL9�n6n\D�N ��� � �p3 �,`�Dp9_n6K=bXKƒDLD ;?GI9"; K=b_BTDz;?>\BTD�K,nU9�ˆ•DVnUK

�

� �_•��

�

�

• ����� ��9�<?D erKƒD�N�;?b

>6JIN4>UFV9�;=D�OMG)>UFHG:b1<=ˆ)>\;?9_n!ˆ•DVn6b_J)m ;=bC9 n\DLQ_DVnŸ3

�

tpG)Dk‚)<?DLFV>6K=DkN4D �IJ)>\;=>6b_J«b�x�;=G)D�KƒD{n69_ˆrDLn6K

>UK¢b1e4;?K=>UN4DM;=GIDZK?Fzb1‚rDSb�x™;=GI>6KPFzb1e)<?K=D_3�u¤b"OPDVQ1DV<�•�>\;pK=G)b_eIn6N&ˆ•DSFVn\D�9�<¢;=GI9�; ;?G)DVo&FV9_J ˆ•D

eIK=DLNE;?bkN4>UKœ;?>\JIm_e)>UKƒG �dxy<?b_B ��ˆ•b_JIN)KL3�tpG)D�	XK=e)‚•DV<HK=FV<=>6‚4; >6JIN4>UFV9�;=DLK 9�J 9_J1;?>\ˆ•b_JrN4>\JIm

b1<=ˆ)>\;?9_n�3 �TªZFVFV91Kƒ>6b_Jr9�n6n\oTQ"9�n6e)DLK¤b�x!;?G)DYDVJIDV<?m_>6DLKp9�<?DXOM<=>\;ƒ;?DVJ˜J)Dz@/;M;?b{;?G)DYn6DVQ_DLn6KL3

�&*-,�� *O) 0�� 
 6 1 ��4 1.: A 	 � 6/@J3 < 4 1.= 3 6/@ � 	�4���693 1

�

A

§�>6m_e)<?DYhI3 ‡ K=G)b"O¤K¤N4>U9�m1<?9_B K=G)b"O¤K¤G)b"O¦;?G)D�b_<?ˆ)>\;?9_n6K€b�x ª

-

9_<=DXxyb1<=BTDLNdxy<?b_B ;=GIb1K=D

b_x!;=GIDYbR@/o/m1DVJC9�;=b1BTKL3

ªSJC;=G)DXn6Dzx ;€9�JrN b_JC;=GIDZ<?>6m_Gf;p9_<=DS;=GIDZb1<=ˆI>A;H9�nUK b_x!;?G)DXbR@/o/m1DVJ^9�;=b_B&KpOM>\;=GC;=G)DL>\<

b4FVFVe)‚I9�;=>6b_Jv3��¬J^;?G)DXFzDVJf;?DV<M9�<?D¤;?G)DXb_<?ˆ)>A;H9�nUK¢b_xv;=GID�ª

-

BTb_n6DLFVe)n\D13štpG)DZNI9_K=G)DLN^n\>6J)DLK
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§�>6m_e)<?DXhI3}w �š7«ª¥N4>69_m_<H9�B•b_x ª

-

3

Fzb1J)J)DLFz;=>6J)mS;=G)DPb_<?ˆ)>\;?9�nUK,>\J{;=G)DpFzDLJf;=DV<�;?b€;?G)b1K=D b1J�;?G)Dpn\DVx ;�9_JINk<?>6m_Gf;,>6JIN4>UFV9�;=DPOMG)>6FHG

9";?b_BT>6FEb1<=ˆ)>\;?9_n6KXb_xPbR@4o/m_DLJ]xyb1<=B ;=G)D BTb1n\D�Fze)nU9�<Xb_<?ˆ)>\;?9_n6KXb_x¤ª

-

3Cj/b ��� >6KXxyb1<=BTD�N

xy<=b1B

�

>Ÿ3 D13\•/>UKp9kn6>\JIDL9�<pFzb1Bkˆ)>6JI9�;=>6b_J b_x �¢;=G)D �_”Sb1<=ˆ)>\;?9_n6KL3�tpG)>6KP>UKp9kˆ•b_JIN)>\J)mEb_<?ˆ)>\;?9_n�3

tpG)D �

�

�

b1<=ˆI>A;H9�n)>UK�;=GID€9�Jf;=>6ˆ•b_JIN4>6J)mYb1<=ˆ)>\;?9_n/;=GI9�; ;=GID �_”Pxyb1<=B

�

K=DVD�� �SeI9�n6>\;?9";?>\Q1DP7�ª

;=G)DLb_<?o � �„3

tpG)D �

(

9�JrNZ;=G)D �

�
-

n6DVQ1DVnUK!9�<?D�;=GID¢ˆ•b_JIN4>6J)m€9_JIN�9_J1;?>\ˆ•b_JrN4>\JIm¤n\DLQ_DLn6KL•L<?DLK=‚•DLF„;?>\Q1DVn6o_•

xyb_<?BTDLNdxy<?b_B ;=G)D �z–:b_<?ˆ)>\;?9_n6Kp;?GI9";Z9�<?D�‚rDL<=‚•DVJrN4>6FVe)nU9�<¤;?b&;=GID�BTb_n6DLFzeIn69_<€9"@4>UKV3MtpG)D

;œO b �z–Tb_<?ˆ)>A;H9�nUKšn6of>6J)m�9_n\b1J)mZ;=G)D¤BTb1n\D�Fze)nU9�< 9�@/>UK�xyb1<=B ���¤9_JIN �

�

�

3šjf;?<=>UF„;?n\oTKƒ‚•DL9_‰/>\J)m

;=G)D�KƒD �„–Cb_<?ˆ)>\;?9�nUK¢9_n6K=b{FVb_Jf;=<?>6ˆ)e4;=D€;=b ���Z9�JIN �

�

�

•)9_JINT;?G)D �1”Sb_<?ˆ)>A;H9�nUK FVb_Jf;=<?>6ˆ)e4;=D€;=b

���X9�JrN �

�

�

3štpG)DLK=DYFzb1J1;?<=>6ˆ)e4;?>\b1JIKp9�<?DS<?DVnU9";?>\Q1DVn6o&KƒB&9�n6nŸ•4G)b"O DLQ_DL<L•/9�JINC9�<?D€;?G)DV<?Dzxyb1<=D

J)b�;¤K=G)b"OMJv3

j/eIFHG 7«ª©N4>U9�m1<?9_BTKš91K�;=GID¤b_J)D¤9_ˆrb"Q1DMFV9�J&ˆ•D€N4<H9ROMJ{xyb_<¢B&9_Jfo{b�;?G)DV< BTb1n\D�Fze)n6DLK

9_K{O DLn\nŸ3®tpG)DVo.FL9�JWˆrDdb_ˆ4;H9�>6J)DLN®xy<=b1B c1er9�Jf;=e)B FHGIDVBT>6FL9�npFV9_n6FVe)n69�;=>6b_JIKL•šb_<{xy<?b_B

9�‚)‚In\o/>6J)m:;?G)DC<?e)n6DLK{b�xScfeI9_n\>\;?9�;=>6Q_D^7�ª ;=G)DLb_<?o_3atpG)DV>6<EBT9_>\JW‚)e)<?‚rbfKƒDC>6K{;?b«K=G)b"O

OMG/od9&BTb1n\D�Fze)n6DY>6K€xyb_<?BTDLNdˆ/odK=G)b"OM>6J)m&OMG)>UFHG�DVn6DLFz;=<?b_JIK€m_Dz;Z9Tn\b"OPDV<¤DLJ)DV<?m_oCOMG)DVJ

;=G)DCBTb_n6DLFzeIn\D >UKkxyb_<?BED�N™3]§Ib_<Tª

-

O DCKƒDLD ;=Gr9";k;?G)D^DLn\D�F„;?<=b1JIKY>6J����CGI9RQ_D 9]n\b"OPDV<

DVJ)DL<=m1oT;=GI9_Jd;œO bTDVn6DLFz;=<?b_JIKP>6J �„–˜b_<?ˆ)>\;?9�nUKPb�x�bR@4ofm1DVJd9";=b1B&KV3štpG)DX;œOPb{DLn\D�F„;?<=b1JIKp>\J

�

�

-

GI9RQ_DE9^GI>\m1G)DV<ZDVJ)DL<=m1o_•™ˆ)e);Z;?G)>UKS>UKZBTb_<?Dk;?GI9�J�Fzb_BT‚•DVJIK?9";?DLN]ˆfo˜xyb1e)<XDVn6DLFz;=<?b_JIK

>\J �

(

3

tpG)Dkb4FVFVe)‚I9�;=>6b_J:b_xš;=G)D{b_<?ˆ)>A;H9�nUKM;?DVn6n6KSeIK€;=G)D ������� ��! �2�"!¤b�x¢9^ˆrb1JIN™•*9�JIN:OMGI9";

;œo/‚rDpb�x*ˆ•b_JIN{>A; >UKL3�§Ib_<¢ª

-

O DPGI9RQ1Dp9Sˆ•b_JINEb_<HN4DL<�b_xI;œOPb

�

>Ÿ3 D13\•_9XN4b1e)ˆ)n6Dpˆrb1JIN �„•f9�JIN

;=G)DL<=DZ>UKP9 �:9_JIN^9 �]ˆ•b_JINv3�¡ 9_FHG ‚r9�>6<Pb_x!DVn6DLFz;=<?b_JIK >6Jd9kˆrb1JIN4>6J)m{b1<=ˆI>A;H9�n*>\JrFz<?DL9_K=DLK

;=G)D ˆrb1JINYb1<?N4DL<vˆ/oSb1J)D_3�¡¢91FHGY‚I9�>6<!b_x/DLn\D�F„;?<=b1JIKv>6Jk9�J�9_Jf;=>6ˆrb1JIN4>6J)m¤b_<?ˆ)>\;?9_n1N4D�Fz<?DL9_K=DLK

;=G)DEˆ•b_JIN�b1<?N)DV<€ˆ/o�b1J)D_3ZtpG)D{ˆ•b_JrN4>\JIm ���E9�J];=G)DE9�Jf;=>6ˆ•b_JIN4>6J)m �

�

�

n6DL91N˜;=bdJ)bCJ)Dz;

ˆrb1JIN4>6J)mI•"ˆIe4;L•�ˆ•DLFL9�eIK=D �

�

�

>UK�QR91FV9_J1;�• ���P>6K�9 �&ˆrb1JIN™3�tpG)DV<?D 9_<=D ;œO bSBEb1<=D DVn6DLFz;=<?b_JIK

>\J�;?G)D � ˆrb1JIN4>6J)m˜;=G)DLJa>\Ja;?G)D 9�Jf;=>6ˆ•b_JIN4>6J)m�b1<=ˆ)>\;?9_n6KL•!K=b˜O D&GI9RQ1DTb_J)D � ˆrb1JINa9_K

O DLn\nŸ3
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§�>6m_e)<?D€hr3 ‡ ��7«ª N4>69_m_<H9�B
b�xšª

-

9_JIN&;?G)DSOp9RoTG)b"Oi;?G)DZ7�ª{£ Kp9�<?D¤xyb1<=BTD�N&xy<?b_B
;=GID

¯€ª{£ KV3

�&*-,�� * � 0�� 
 6 1 ��4 1.: A 1.@�
 � 	J@�
 1.@
�

�

<>A

`�D^J)b1<=B&9_n\n6o®N4<?9RO’;?G)DCn6DVQ1DVnUK{FVb_<?<=D�Kƒ‚•b_JrN4>\JIm˜;=b:;?G)Ddb_<?ˆ)>A;H9�nUKY;?GI9";&9�<?DCK=b_n6e4;=>6b_JrK

b_x�;?G)Dk§Ib/FH‰dDLcfeI9�;=>6b_J˜>6J]7«ª N4>69_m_<H9�B&KL3 �­;€>UK€9_n6K=b&eIK=Dzxye)n,;=b^GI9RQ_D�9Tn6b/b_‰˜9";¤b�;?G)DV<

b1<=ˆ)>\;?9_n6KL•"9_K�;?G)>6K�OM>6n6n)9�n6n\b"O®eIK�;?bYK=9RoYK=b_BTDz;?G)>\JImX9_ˆrb1e4;�;=G)DMKƒ;=<?eIF„;?e)<?D b_x•9SBEb1n\D�Fze)n6D_3

�PDLu

-

GI9_K¢9Xn\>6J)DL9_<¢Kƒ;=<?eIF„;?e)<=D13,`�D€FL9�JTDz@4‚)nU9�>6JE;=G)>UK¢Kƒ;=<?eIF„;?e)<?DMOM>A;?G^”ƒ–IžŸG/o/ˆ)<?>6N)>\•Vž

9�;=>6b_Jv3š¯¤J�7«ª¥N4>U9�m_<H9�Bg>\JIFVn\erN4>\JIm{;?G)>UKMG/ofˆI<=>UN4>6•L9";?>\b1JC>UKMK=G)b"OMJC>6J �Im_eI<=DXhI3 |/3

2s

2HBe
BeH2

2p

1s

2p 2p

sp-hybrids

no yes
sp-hybridization?

§�>\m1e)<?DZhr3}| �š7«ª N4>U9�m1<?9_B•b�x��PDLu

-

OM>\;=G:”=–)ž­G/o/ˆ)<=>UN)KL3

tpG)D�Fzb1n\eIBEJ b�xS;=G)D �PD˜9";?b_Bs9�x ;=DV<&G/o/ˆ)<?>6N)>\•�9";=>6b_JWGI9_KT9aN4DLm_DVJIDV<H9";=DCn\DLQ_DLnMb�x

”=–)ž­G/o/ˆ)<=>UN)KL3�tpGIDZDLJ)DV<?m_o&b_x!;?G)>6Kpn6DVQ1DVn*>UKP;=G)DY9RQ_DL<?9_m_D¤b_x!;?G)DYDVJ)DL<=m1>\D�K¢b_x!;?G)D �_”X9_JIN

;?G)D �„–Tn\DLQ_DLn6KL•�ˆ•DLFV9_eIK=D¢;?G)DMG/ofˆI<=>UN)KšFzb1JIK=>6Kƒ;šb�xrD�cfeI9�n)9_BEb1e)Jf;?K�b�x �_”M9_JIN �„–Tb_<?ˆ)>\;?9�nUKL3

¡ 9_FHG&b�x™;?G)DLK=DZGfo/ˆ)<?>UN)Kšxyb1<=B•9{ˆrb1JIN4>6J)m{9_JIN 9�Jf;?>\ˆ•b_JIN)>\J)m{b_<?ˆ)>\;?9�n•OM>\;=GC9^5�”Sb_<?ˆ)>\;?9_n
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b�x�Gfo4N4<?b_m1DVJv3štpG)D�KƒDXb1<=ˆ)>\;?9_n6KM9_<=DXK=G)b"OMJC>6Jd;=G)D��PD�u

-

Fzb1n\eIBEJ!3

tpG)D �PDLu

-

FVb_n6e)BTJ«>6J�;=G)D&7«ª“N4>69_m_<H9�B 9_ˆrb"Q1D{N4b/DLKXJIb�;�KƒGIb"O¥;=GIDEn6DVQ1DVnUKXb_J)D

m_DV;?KYxy<?b_B Kƒb1n\Q/>6J)m˜;=GIDC§)b4FH‰�DLcfeI9�;=>6b_J�xyb_<�� D�u

-

3:tpG)DLK=D n6DVQ_DLn6KkFV9�J®ˆ•D b1ˆ4;?9_>\J)D�N™•

G)b"OPDVQ_DL<L•1xy<?b_B•;?G)DXb_J)D�Kp>\JC;=G)DYN4>U9�m1<?9_B“9�ˆ•b"Q_DZeIK=>\J)m{;=GIDY<=e)n6DLKPb_x�cfeI9�n6>\;?9";?>\Q1DZ7�ª

;=G)DLb_<?o«9_JIN�;=G)D^x�9_Fz;�;=GI9�;k;?G)DC7«ª{£ KXxy<?b_B ;=G)DdN4>U9�m_<H9�B 9�ˆ•b"Q_D&OM>6n\n >\Jf;?DV<H9_F„;�3�¯€K

;=G)>UK&>6Jf;=DV<H9_Fz;=>6b_JW>6K&nU9�<?m_DL<kxyb1<&n\DLQ_DLn6K&FVn\bfKƒDL<E>6J DVJ)DL<=m1o_• O D�FV9_JW<?DLKƒ;=<?>UF„;&b_e)<HK=DVn6Q_DLK

;=b˜>6J1;?DV<H9_Fz;=>6b_JIKXOM>\;=G)>6J�;=G)D N)DVm_DLJ)DV<H9";?DTn\DLQ_DVnUKL3TtpGID �z–an\DLQ_DVn N4b/DLKXJ)b_;YFHGr9�J)m1D_•vb_x

Fzb1e)<?K=D_•!ˆrD�FV9�erKƒDT;?G)DLK=D^9";?b_BT>UFTb_<?ˆ)>A;H9�nUKYN4b�J)b_;�‚I9�<=;=>UFz>6‚I9";?D&>\J�;?G)D ˆ•b_JIN4>6J)mr3CtpG)D

b�;?G)DV<Tb_<?ˆ)>\;?9_n6KEOM>6n\nMxyb1<=Bsˆrb1JIN4>6J)m®9�JIN 9�Jf;=>6ˆ•b_JIN4>6J)m�b_<?ˆ)>\;?9�nUKL3 tpG)>UKT>UK&KƒG)b"OMJW>\J

�Im_eI<=DXhI3 ›

BeH2

2p

§�>\m1e)<=D]hI3 › �®tpG)D]>6Jf;=DL<?91F„;=>6b_J ˆrDV;œO DLDVJ b1<=ˆ)>\;?9_n6K xyb_<?BTDLN xy<?b_B�;=G)D®”=–)ž­G/ofˆI<=>UN)K&b_x

�PDLu

-

3

�­x¤O D^FVb_BT‚I9_<=DT;?G)D^DLJ)DV<?m_o

�

>Ÿ3 D13\•�;?G)DCK=e)B b�x¤DVJIDV<?m_>6DLKYb_xP;?G)D^b1<=ˆI>A;H9�nUK �Zb_xM;=G)D

n\DVx ;€9�JINC;?G)DY<=>6m_Gf;¤K=>A;?eI9";?>\b1JCOPD �IJINC;=GI9�;M;=G)DYDLJ)DV<?m_o^b_JC;=G)DY<?>\m1Gf;p>UKM9Tˆ)>\;¤G)>6m_G)DL<L•
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