
Narration Time

. ÆZkkIgb~plMæh  Point Group Zzg Symmetry ~ Jmol 00:01

ZkkIgs~ëqgzfs™*ZÐÔ 00:06

. ª"gì axis ÑíegZ™*Ô��ñÉ½3ð LGwÆZ#-.ø
GHÐ0k�äzZÑ 00:08

. "g6ñÉ½3ð LGwÃ¦™*Zzggz"3ïHGH™*ªƒ* 00:12

. ñÉ½3ð LGw~Z
#-.ø
GHÐ0k�äzZÑ�egZ™* 00:17

. ª�gzÈ~ÃªCÙ™* classificationÅ  point group Zzg 00:21

z&zÆM6:Æ‚B Jmol ZkkIgsÃKÆnM\ÃZ&g¤�fd~»D�*¢zg~ìZzg
. zZ��*e’

00:25

. Z¤7ÔÂ´kIg�ÆnÔøg~zd‚V5±™, 00:35

ZkkIgsÃgkge™äÆn~Ô 00:39

14.04 M6|Äzg× Ubuntu 00:42

12.2.32 zg×  Jmol 00:46

ZEw™g;�V  35.0Mozilla Firefox browser Zzg 7 zg×  Java 00:50

ZÒÔñÉ½3ð LGÖ~\-.çH~ÅzŸsÔqgzfs\-.çH~Z
&Ð)454ø GGEHÅRé~HY@ìÔ� 00:57

Axis of symmetry 01:03

Plane of symmetry 01:05

z){ Center of symmetry 01:06

. ZEw™,Ð Jmol ëñÉ½3ð LGÖ~Zy\-.çH~Z
&Ð)454ø GGEHÃ�3äÆn 01:09

egZ™Æª¯ÆÔZk C3 rotational axis Æâew~Z
#-.ø
GHÐ0k�äzZà methane Z[

. kIgbÃÑzq™D�
01:14

. z&zÅwàì  Jmol ~ä¬� 01:22

. �6À™,  modelkit ~qÝ™äÆn ball and stick ÆâewÃ methane }6 01:25

. ñÉ½3ð LGw~Z
#-.ø
GHÃf™, methane Iw!g~e_5ÑõF�ZEw™D�ñ 01:31



. WB6À™,  Number 6nhzw™,Zzg  Label 6À™,Ô  Display 01:37

. ñÉ½3ð LGw~‚g}Z
#-.ø
GHÃ��b��  methane Z[ 01:43

. ~¾&�Å¢zg]ì Console Z
#-.ø
GHÐ0k�äzZàÑÅVZzg&Ò54ø FGEegZ™äÆn� 01:47

. �6À™,  File Å%ÆnÔ Console 01:53

. cnhzw™,ZzgZk6À™,  Console 01:57

. z&ztì Console h+6 02:01

. ZEw™,Ð  draw ÑÙZzg&Ò54ø FGEÃegZ™äÆnë¾&Ñí~ÅzZge 02:04

. ZhÒ¾&6-¥â]Zkzd‚V6�ø[� Jmol 02:10

. ËÌzd'Z�ig~zd‚VÃÅB 02:15

~h2¾&k�ÆnZEwHY@ Jmol ÅzZgeÅz„Æ‚BZqzd£ÁY@ì�
.ì

02:19

. 6À™,  draw nYNZzgz„~Â 02:26

. Æ!g}~¬]Æ‚BZq£ÁY@ì  draw ÅzZge 02:31

. egZ¾&Æn¬x
_545½ø
LEHG£ÆZz6�c�ì 02:36

. ZkÆ�ÅzZgeÆZEwÐ0¥â]MC� 02:42

. }6zZ:YD� Jmol Z[ 02:47

. h+!5½3¨é GYELE]ZEw™g;�V  Kmag z&zÃ!5½3¨é GYELEð™äÆn Console~ 02:51

gz&4k5ÿ
HGIEZ&½mø GLÅ?Ï™CìÃegZ™äÆn C3 ZqÑí� 02:55

~eZ°6z!3ïFH6qgzfs¾&NU™, Console 02:59

. M@ì ID ÐÑzq�CìÔZkÆ�Mw  draw ¾&ÑíÂ 03:04

. ÑíÅMðÃC@ì 250 ¾&Ñí~� 03:10

. ZkÆ�ÑíÅ7icMCì 03:15

. Z´�!N  Xatom number equal to 2 Zzg atom number equal to 1 '&½54ø GGH~ 03:18

. }Ã�B 03:26



. Ð0k�äzZàZqÑí¯ð�ì 2 Zzg 1 Æâew6Z#-.ø
GH

 methane 03:27

. ª"gÅ§b»x™$Ëì axis tÑíZ[¤�lÆn 03:33

. ë�b�âew6ZqÐic�{ÑO¯M� 03:37

. 6qgzfs¾&NU™,  Console ¯äÆn: C2 rotational axis 03:41

. Å?Ï™D� Cartesian coordinates Zk¾&~Ô™à'&½54ø GGH~�kÔÑíÆn 03:47

. Z´�!N . ZkÆ�ÑíÆg8ÃzZãîg6CäzZà¾& 03:54

.ìmethane Æ‚B rotational axes C3 Zzg C2 }6øg}0k 03:59

Æ‚Bgz"3ïHGH™äÆnÔqgzfs¾&NU™,  C3 axisª1 Ñí 04:05

rotate $line1 60 (rotate space dollar line1 space 60). 04:12

. Z´�!N . gz�ª¤�lÅe¤~C@ì 60 � 04:18

. ÆZg�¤��äzZà¤�lÃ�B  1 Ñí 04:24

™äÆnÔqgzfs¾&NU™, spin ÆZg�¤��äzZáñÉ½3ð LGwÃ  1 Ñí 04:27

spin $line1 180 60 (spin space dollar line1 space 180 space 60). 04:32

. Z´�!N . ¤�lÅgëgÃªCÙ™@ì 60 ¤�lÅe¤~ÃªCÙ™@ìZzg 180 � 04:39

. Æ‚B¦�@ì C3 axisª 1 »âewÑí  methane }6ë�Ù� 04:48

Zqw 04:55

. Ã�3ñ C3 axis of symmetry Æâew~ZqÑíegZ™,� ethane 04:56

. Æ‚B¦™, C3 axis ZzgâewÃ 05:02

. }6zZ:MD� Jmol 05:06

. ëñÉ½3ð LGÖ~Z
#-.ø
GHÃÐ0k�äzZá&Ò54ø FGEÌegZ™M� 05:08

. âew6ÑÙÃeá™,  methane Z(™äÆnÔ¬qgzfs¾&ZEw™Æ
. Z´�!N   Xdraw off (draw space off)  

05:12

Z
#-.ø
GHÐ0k�äzZág¡Ò5½jè

E
GIEª?k�ÃegZ™äÆn 3 Zzg 2 Ô1 ñÉ½3ð LGwÆ methane 05:24

~qgzfs¾&NU™, Console 05:31



. Z´�!N . �Æ‚KÃªCÙ™@ì 300 ¾&~� 05:35

. Z
#-.ø
GHÐ0k�äzZá§¡Ò5½jè

E
GIE�Ã�B 3 Zzg 2 Ô1 ñÉ½3ð LGw~ methane 05:41

: Ð0k�äzZá�zu}§¡Ò5½jè
E

GIE�ÃegZ™, 5 Zzg 4 Ô1 Z
#-.ø
GH

05:49

: ™, edit ~Z\ZkzÅ�!NZzgqgzfsÅ§b¾&Ã Console 05:55

. ÐZi™̂, 5 Ã  atomno3 Zzg 4 Ã  atomno2 ÐÔ  plane2 Ã  plane1 06:01

: �Æg8Ãps™äÆnqgzfs¾&NU™, 06:12

 X;color $plane2 blue(semicolon color space dollar plane2 space blue)

. Z´�!N
06:17

. ñÉ½3ð LGw~ë�z§¡Ò5½jè
E

GIE&Ò54ø FGEÃ�Ù�  methane }6 06:24

¯̂¨»4jè LELGIEª�gzÈ~ÌZk point group Ænë  methane ZEw™D�ñ Jmol 

. §bÐ�3M�
06:29

. ñÉ½3ð LGw6¯ñ�&Ò54ø FGEÃUD� methane Z[}6 06:36

. Z´�!N  X (draw space off)draw off 6NU™,Ô Console 06:41

~qgzfs¾&NU  Console Æn‚g}e\-.çH~Z
&Ð)454ø GGEHÃ�3äÆn methane 

. ™,
06:47

. Z´�!N  X (draw space pointgroup)draw pointgroup 06:54

. Æ\-.çH~Z
&Ð)454ø GGEHÃ�Ù�  methane ë}6�3ñ� 06:59

Å¯̂¨»4jè
ELGIEª�gzÈ~ÃY+ÆnÔqgzfs¾&NU™, point groupÆ methane 

. Z´�!N  X (calculate space pointgroup)calculate pointgroup

07:04

. 6�3c�ì Console ñÉ½3ð LGw»7Zz¤z\ìÔ methane ��  Td 07:14

.ìallene 7Zz¤z\Å»g™�ÏÆnZqZzḡ‹c�{Vw 07:20

cë¡Z7šeðäÐ . »Z7šegZ™M� allene ZEw™D�ñ}6 modelkit ë
. »Z7šeZ�yßeÌ™M� allene 

07:25



6nhzw™,ZzgÀ  Get Mol �6À™,Ô  File Z¤M\ZÚ,Ða}�ñ�Â
. 6À™,  OK . NU™,  allene !¾~

07:37

Æ‚g}Â\-.çH~Z
&Ð)454ø GGEHÃªCÙ™äÆn allene 07:48

. ÆeZ°6Z!3ïFH6Z\ZkzÅAJ�!NZJM\Ãt¾&:ïYñ Console 07:52

. Z´�!N . draw pointgroup 07:59

. Æn‚g}e\-.çH~Z
&Ð)454ø GGEHªÁÜ�Ù� allene }Ã�BÔë 08:02

Å�gzÈ~qÝ™äÆn point groupÆallene 08:09

:ïYñ  calculate pointgroup 6Z\ZkzÅAJ�!NZJ¾& Console �z!g{
. Z´�!N . 

08:12

. 6�3ð�ì  Console ìÔ  D2d Æn7Zz¤z\Å�gzÈ~�� allene 08:21

. ZÏ§bM\ZKIÆñÉ½3ð LGÖÃeZ�yße™M�ZzgZyÆ7Zz¤z\»�[ÎM� 08:28

Z[Ü�Òy™D�ÔZkkIgs~ëä5 08:34

. gz&4k5ÿ
HGIEZ&½h4ø GG� C3 Zzg C2 ñÉ½3ð LGw~ÑÙegZ™*��Z

#-.ø
GHÐ0k�äzZà  methane 08:38

. ª"gÆÆ‚BñÉ½3ð LGwÃ¦Zzggz"3ïHGH™* axis 08:45

. ñÉ½3ð LGw~Z
#-.ø
GHÐ0k�äzZá§¡Ò5½jè

E
GIE�ÃegZ™*  methane 08:49

. ÅVßVÃZEw™Æ7Zz¤z\¯̂¨»4jè
ELGIEª�gzÈ~ÃªCÙ™* allene Zzg  methane Zzg 08:54

ZqwÔ 09:01

. Æâew~§¡Ò5½jè
E

GIE�egZ™,  dichloromethane 09:02

. Æn7Zz¤z\¯̂¨»4jè
ELGIE¥x™,  benzene Zzg  ammonia Zzg 09:07

. tzi-Z7ÁkIgs6z�»Ü�Òy™@ì 09:12

. Zh�zeB:Y6M\ZÐeZ�yße™Æ�NM� 09:15

. ëÐgZ�™, . ëZ7ÁkIg�»ZEw™D�ñzg¤\`D�ZzgZ���ï� 09:20

Å§sÐâàîg6×e”{ NMEICT Z7ÁkIgs6Z�¸gCÓ#ÖÆZ*ZÝMge~ÆÔ
.ì

09:27



ZkZh2»FÀZzgœZÈ~~äªzYsZ£äÅìÔ�áï�äcWå]t 09:33


