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1.4 CHEMIGAL
REACTIONS

#($ - /$Y). 1" 3&" 1"11 %"+",3 -$ +33"1M
"8+ *'R 7 &6' 1’24221 3&" 1" 3-, "37™, 1-,
81" 17 3134+ 1-' 'V & 3-+2 7'3&,
38" 2313',%%4*2 1"1"11 %" 9, %f#." "# &
)(- 37 342 1 4+ *A¥OR 38", o (1
" & )(- "3T™, 38" 1"24*3'% 3-+2 || +#"4*"2V
&" /43 4+ w4 '3 &' ¢ 1M 3. 1"
L) [0 3&" -43/43  +-*"4x2 1
WY 4x 0) 0V, "MOR 423 &' 1" 3-2 1"
[1$1+"1 9/1-3"2 **1 )54(. V
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1.4.1 CHEMI@L
REACTIONS: WRITE AND
BALANCE A CHEMICAL
EQUATION

Learning Objectives

93%! I+ , #3682 28%,+K 9,4 7&))! )!3 ,J

| 11 &6 %I*& )1043 &+2 #*+11 3&6
121 &B8,+2 # %I*& )11 3K+2

| 188+ )+ | %F& )1043 &+2 &+
*NA)1 K33)&+&K + +13&+& #3 2

"1 &/3"1 -$ 382 B3 ',31-14"1 3&" 42" -$ "'+ 3
D+ - *2 3- 1"/1"2"3 1614 * 342V &", 342 %', -1
*.2" "131- 2 3- 9™ - 2R -1-+")" 7'3& -3&"1 3-+2 3-
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$1+ +- ¥ 4R 3812 2 1" 4+-IS"1 -1 o+ 13-
%" "1 3" &'+ * $1+4* 2 3& 3 //1-/1' 39 1"/1"2" 3 3&"2"
20" ™2V 83"1'% 3&292- *2+ 3- 1/1"2"3 -3& 3&"
1"3'3"2 |1 3&" 1" 3'6 04 ,3'3"2 -$ 24 23 "2 4,1"1%-" %
&'+ *1-1/892' *N & %"'6-*6271'3,% | *, "%
#($ ' 0/$%) V .21 2, " 84 * 3&" 1" 3-,
Y A T R R A T B =
-89%", +*4*2 ] 3- /14" - 1. I~ 8
FoRAR] N1 37- 7 3" 4R ] AV &N
&'+ *"04 3 1'/1"2" 3'% 3&'2 /1122 '2 /16'1" 1 ', 3&"
41" &*$ -$ '%41" GVIVGVGR 7'a8~2p +"4*1
+-1"2 287, ", 3&" *-7"1 & *$ -$ 3&" >%41"V
&2 "8+ * 4231 3"2 38" $4,1 +"3* B2 -$ 9
&'+ *"043-,Q

GV &"24 23, "24,"1%-',% 1" 3'-, 1"
1 - /) LR ,3&"1-§+4*2 1" [* "I -, 3&"
*'$3 2'" -$ 3804 3'-,V
HV &" 24 23, "2 %","13" 93&"1" 3'-, 1"
1 +-* 0/ R ,13&"1-§+4*2 1" /* "1 - 3&"
1'%&3 2'" -$ 384'3'-,V
IV *42 2'%,2 1~ 2"13"'1'6"4*1" 3,3 ,1/1-14 3
$1+4*2R 1, 11-7] 7] Xk ~2"/13"23&"
1" 3,3 ,1/1-14 31*"$3 ! 1'%&3" 2'1"2 -$ 3&"
"04 3'-V
JV &"1™* 36 ,4+"12-$1" 3,3 ,1/1-1432/" ™2 1"
1"/1"2"3" 9 *7$) [ 14+"12/ * "
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130 3- 38" *'$3 -$ " A$AF NV <" 3-$
G '2 39/**9 -+'33IV

&$41
@NEDLo!
1 3%,+
137 1+
P+
+
, 893!+
3 9&!)
1+
&,8& !
+
7 31
T2%7+
3
, B*U
*9 |
1/1 12143
9
%I*& )
104 3 &,+
42&+%
#1%4) 2
TIUM

3'2 -++-, /1 3 " 3- 42" 3&" 2+ *"23 [-22' 7&*"a
A+"1 "<™32' &"+ *"043-R 221" 3&2

"8+ *V "*"R &"6'lR 3& 3 3&"2« 32 1"/1"2",3

3&" & #0,4+"12-$1" 3,32 ,!/1-14 32R ,'R 3&"1*$"R
3&"9 +9 " -11"3*9 '3"1/1"3" 2 13-2V "3&," !
-89%", 1" 3 3-9™11- I' 81" 17 3"1' GQHQGQH
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13V &213-'2232% 3&" ,4+"12 -$ 3&"2" #-4*'2
1"R 1"2/3'6*R GaHaGaHR -1 HaJaHaJR -1 laLalaLR
]'%41" GVIVGVHNY  )'7'2"R 3&'2)32 + 9 "
©3"1/1"317'3& 1"% 1! 3- 9 +-4,3],4+"1"4,3R ! 2-
3&204 3-,+ 9" -11"3*91"!',+, 97 92R", *4!"'%Q

P ( +"3& "+ *4* | 1)-89%" +*'4*21" 3
3-9")( 1.0 814 4R 1 1) 7 31
o ®4EQY

P ()4( +"3& "+ *4%2 | 1))4( -89%"
+oR4R2 1" 33-9"( )A( 1-1- 81"
FoRAED 1 1) YA (T 3L K42V

P (") &$+"3&,"+ *4*2 1 :') &-$-89%",
+-F4R2 1" 33-9"9 ) &-$ 1- 1~ 8I"
+oRARD L) & -$ T 3L+ 4RV

| 2-
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$
%!
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($%

&$41
@G
1$1 )12
2 ,# 30!
2)4 3
+4* 112
i3
* ) 4)!
2
&+66! K
P! 13&,2
137 N+
+4* 112
i3
* ) 4)!
2.#! %
2/1 &2
031 3
T%0!
1 3+
U +
* ) 4)!
2.#! %
2/1 &2
o 3 #1*
T%0!
/11, 4 U
1! 3%!
2* +
1! $&6+
9 !
%!*& )
1 XK+
104 3 &,+M
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(3(5*05.  8<( :065:

&" &+ *"043-, "2 1'"! - 6']'%41" GVIVGVGH 2
) R +",'% 3&304* 4+"12 -$ 3-+2 $1 " &
43 Y 66! Y, 3&" 1t 3, 1" 1'/1"2",3" -, 3&"
1" 3,3 ,1/1-1432'1"2V &'2'2 1'04'1"+",3 3&" 04 3'-,
+423 2 3'2$9 3- 4,2'23",3 7'3& 3&"2 *!  *). -1 /[$*) *!
(/- V389" ->1+"1 92'+/*Q 24++' % 3&" ,4+ "12
-$ 3-+2-,"3&"1 21" -$ 3&" 11-,! -+ 1'% 3&"2" 24+2
3-"241" 3&"9 104*V -3" 3& 3 3&" 4+ "1 -$ 3-+2-%
%'6, "*"+"3 '2 *4*3" 9 +4*3'*9'% 3&"-"<™,3
-$ ,9 $1+4* -3'% 3&3 "™"+"3 9 3&" ""+" 3e2
242113 "', 3&" 4+4*V $ , "™"+" 3 /["12 "', +-1" 3&,
5" $-1+H4r - %', 21" -$ 3&" 04 3R 3&" ,4+"1 -$
3-+21"/1"2",3"', " & +423 " -+/43"! [13&", " |
3-%"3&"1\M "8+/ *"R -3& /1-14 3 2/™2 ', 3&" '8+ *"
1"3-R H,! H R-3',3&" "™+"3-89%"V &"1"
1".1) 3-+2/"1 ) ¥4 L) 3+ /"1
) H A+ *4A*™V R 3&",4+"1 -$89%", 3-+2 -, 3&"
/1-14 3 2'1" -$ 3&"'04 3'-, '2

(1 CO3 molecule x Cf)z)xj(t)?enclile) + (2 H50O molecules x H;)(zn%) = 40 atoms
&ll n 04 3|_, $_1 3&!! 1" 3|_’ 1137""’ +||3& ’II ’! _ 89%",
3-9" 11~ 81" 17 3'102->1+"13- " *,

/"1 3&2 /11- &R 2 2&; &"1"Q
CH; + 20, — COy + 2H50
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QO /1y I -*o0l 'y H
GhGiG GhGiG GiGR®
JhGiJ  HhHiJ JiJR®

HhHiJ  JGhHAfJHhGAId JiJR®

£, &M %043, -§3", + 9 " I'L'6"l $1-+
04*33'61"2 1'/3'-, -$ 2-+" &+ *1" 3'-, 9 $1*9
24/* [11- &) 7,2 *,'% 9'2/"3-V -211
2, "84 ¥ 3&I"H-23 $7 313 9" +x4x1
&891-%", - 89%"\V &'2/1722'21"/1"2",304 *'3 3'6*9
9,/( &( &+ *"043-Q

H,O — Hz + Oq (unbalanced)

-+ 1'%3&",4+"1-$ || 3-+2-,"3&"12""-$
38204 3-, ->1+2'32'+ *, "Q

NN, . -* 0/, 'y H
GhHiH GhHiH HiHR'g
GhGiG GhHiH GjHR -

&" ,4+"12 -$ 3-+2-,3&"1" 3,3 ,1/1-143 212

-$ 38" 043, 1""04*R 43 3&" ,4+"12 -$ 3-+2 1"
-3V - &"6" *, "R3&)7 #(.- -$3&"043-,+ 9"

&, %" 2." "IV "+ IR -$ -412"R 3& 3 38 &

- - #*-1">"R ", [ 13R 3&" 1",3'39 -$ 3&" 24 2R, |!

2- 3&"2" ,-:3 " &, %" ! 7'3&-43 *3"1',% 3&" 04 *'3'3'6
+" % -$ 3&" "04 3'-,V -1"8+/ *R & ,%',% 3&" 1" 3,3
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$1+4* $1-+ H 3-  H {74 9™ xm ) 3&"
A4+"1 -$ 3-+2R 43 1-',% 2- *2- & ,%"2 3&" 1" 3,3e2
1,339 1'3e2 7 &91-%", /'1-8"" 1 -3 7 3"1NV &"

3+ *, "+ 9" &"6"l 9 &,%'% 3&-"<"3%-1
H 3- HV

2H,O — Hy + O, (unbalanced)

Y 1o -0/, 'y H
HhHiJ GhHiH JjHR ,-
HhGiH GhHiH HiHR'Q

&" 3-+ ¥, "724/2"3 93&2 & ,%"'R 43'3'2"2™*9
1"23 *2&" 9 & ,%',% 3&*"<™,3%-13&" p/1-14 3 3-
HV

2H,O0 — 2H; + O9 (balanced)

C () N Y Y H
HhHiJ HhHiJ JiJRR
HhGiH GhHiH HiHR'Q

&'2" '<™ 329" " 04 % 4+"12-$ -3& | 3-+2
-, 3&"1" 3,3 ,1/1-1432'1"2R ,13&" *, "1"043-,
2R 3&8"11'%)
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2H,O — 2H, + Oy

)

$.$0&,0% +(/,&$. 37$6,105

8B )+ 11043 &+#H 3N'1 R+ #
*N4A)1+&31, $+T AU + , 898!+ T AU 3#,1*
&+&3$!+/ 1+3,8& 'M

1.76,10

&PK 7RIZBY%! 4+ )+ ! 1043 &,+M

Ny + Oy — N3Os5 (unbalanced)
1 8K ,4+3 30! +4* 11, #! %9Q/!, # 3*
/112143 &+ B! 4+ )+ 11043 &,+M

() ! /y [ -*0/ ") H
GhHiH GhHiIiH HiHRAQ
GhHiH GhKiK HjKR,-
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3'2 2-+"3'+"2-, 6,3 3- 42" $1 3-,2'23"1-$",3"%"12
2 '3"14+M'3" <32 38" /1- "22 -$ *,'\%
&'+ * "043-V &, *, " "2 &"6IR ** 3&"
"043-e2 -'<™32 + 9 3&", " 44U 9 T&*"
A+"1 3- - 613 3&" $1 3-,*"<™32 3- '3'%"12
7'38-43 4/2"33' % 38&" 3+, "V -1 '8+ *'R-2'"1
38" 1" 3-,-$"3& "] H " 7'3& 89%", 3- 9" 1 !
HR1"/1"2" 8" 93&" 4, *, "1"043-Q

CyHg + O3 — H0 + COq (unbalanced)
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-**7'.% 3&" 424 *',2/'3'-, //]1- &R -," +'%&3 >123
oo 342 9 &,%',% 3&"-"<",32 $-1 3&"
37-/1-14 3 2/" "2R 2 2&Q

CyHg + 0y — 3H50 +2CO, (unbalanced)
&2 1"24*32 ', 296 3-+2 -, 3&" /1-14 3 2" -$ 3&"
"043-R , -1 ,4+"_-'3'%"  <™3 , "42")
7'3& 3&" 41" 3,3 3-9"™ -l 4+"1IR 2- $1 3'-,*
<™ 3R MZHR 42" 23" 1 3- 9"* [1- 6'2'-,* *, "I
"043-,Q

CyHg + ; Oy — 3H,0 + 2CO0O,

-, 6.,3-* " "043- 73& ',3"%"la-,*9
'™ 3221"1'6" 9 +4*39 % " &-"<™3  9HQ

2CyHg + 709 — 6H50 + 4CO0O4

Vg 7'3& 1'% 1! 3- %, "I "043-2R 1"* 3&3
-, 6.,3-, 1'332 42" -$ 3&* &-. 1"&F( ,

)7 #(-V *3&-4%& 3&4'3-, $-1 3&" 1" 3-, "37",

FoxAx ] 31-96", 1 +- *"4% 1 &I1-%", 3- /1-14 "

++-) 2R'I" "IR *, "R
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8*N12, # &X 2! %*&BD 1! 4+ +3 &+

! D&+ D7 ,1) M +!! 8%)! &2 3 %! 42! , #
&+$2, K, 12, &* & 1 ,+3!1&+ (&+$M

B&2 2IM %!+&31 R7&% + &
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1" 3,3R 3& 3 2R 3- 1"/1"2",3B&$$ & 1" 3,3 ", 3&"
$1+-$ ,"043-, 1 #10- /$) Q
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oxidation = loss of electrons

reduction = gain of electrons
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reducing agent = species that is oxidized

oxidizing agent = species that is reduced
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oxidation = increase in oxidation number

reduction = decrease in oxidation number
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2*43-, -3",% I'22- *6! 2*61 2*3V "6 '-,2 ',
2+43'-, 1" 114 "1 3- ""+" 3 * 261 3 3&" 241%-$ 3&"



* $ %! C

-I"1 7T1"'R ! 3&" 1"24*3',% qf -2 1'22-*6 ', 3&"
2*43'-,3-9"™1 &1 3"1'23' *4" -*-1]'%41'GVIVMVL



C * $ %!

&'2 >%41™,3",2 381"  &-3-%1 &2V , R &$41
SR M 72 2877, "' 3"23 34" @N;G/E TU
*% ' *1 *_1*" *1 ' "7 n ’ 1
>SS 7'38  *"IR-*-1#22 ¥04IV R3&" 71" L 1o,
&2 ™ '2"13" "' 3-3&" 3"23 34" 7'3& 3&" *" W7+
_*.1*"22 ¥04'1V , R3&"3"2333"2 *%&3 833
2,)438,+
*4" *04'l 138" -*"17'1" [['123-& 6 '3 & r&t
$4::9 2'*8 %9 - 3',%V $ 2&)6MU
&,+M T
&2/) |
*1+3, #
&22,)6!
28)8
&+2 9
o
&,+2
124)2 &+
TU
4*4)
X+ #
$19X,),
1 28)6!1
* 3) ,+
Il 7&1
+
| 6!),/%
1+3 , #
ar )1
&+ %!
2,)438,+K
41 3,
&22,)6!
o
&,+M
T1&3]
* & 3&



* $ % !

(584,%,0+ (1 : ($&6,105

1+3 &&F 7%8% 104 3&,+2 1 121+3 1!, 81 X, +X
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,8& +3 + 114 3+3M
(a) ZnCO4(s) — ZnO(s) + CO2(g)
(b) 2Ga (I) + 3Bry(l) — 2GaBr3(s)
(C) 2H2 02 (aq) — 2H20 (l) + 02 (g)
(d) BaCl, (aq) + K2SO4(ag) — BaSO4(s) + 2KCl (aq)
(e) C;Ha(g) +302(9) — 2C02(g) + 2H20 (1)
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1.4.3 THE MOLE

Learning Objectives
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1.4.4. MOLARITY
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1.76,10
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1.7(1 )$ 10& (0 646 1.76,10
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1.76,10
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1.4.5 REATION
STOICHIOMETRY

Learning Objectives
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238" 1" 3-,823- &-+"31R 3"1+ I"1'6$1-+ 3&" 1™)
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4., 36'3"2V -1 /1" 13-R $L "8+ *R -"12 |
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3
1 cup mix + 1 cup milk + 1 egg — 8 pancakes
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2 NH; molecules 2 doz NH3 molecules 2 mol NH3 molecules

3 Hy molecules or 3 doz Hy molecules or 3 mol Hy molecules
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71%(41 ) 41'7&6  1.(&7.(5
(0(4 $6'% ;$ ($&6,10
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7%+ ?2MD*), #/1/+1&2 *42 3 1 &+$ 3
&2 104 &,+N
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1.76,10
%! /11, %%MN&2%p!2* 2# ,1 8*))!
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%&2 7&)) 2&*B4&142! | # Jp! *)12 X3 X
+4* 112 +6112&,+# 31K 6,$ 1,\2 +4* 1M
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3m01C02
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41'7&65
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104&1 3,/1, 4 | @E$# 306! +3 & *&)(,#
*$+12& R*$+12&4* %9 1,8& K $T WS 9 !
#)), 7&+$1 X, +N

MgCl, (ag) + 2NaOH (aq) — Mg(OH),(s) + 2NaCl (aq)
1.76,10
%! /11, %A42! /1!16&,42)9 &18*/)! @QMCH® +
@A &2 )&T&2! 42! %!1IP 36 3 &R 7 *42 3 11&6
+ /11 /1 &323 &%&,*!1 3K # 31#1*3 %!
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2,13 )1 1+! &+ 3%!/1!6&,42 % /31 1!1!104&1M
%! )4)3 &+21D4&1 1 !,4 J&+! &+B&2
<,7 %1J
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($6,0* $55(51) ($&6$065

%3*22, #,89%!+3$2K K# 3 %! &1 &2
+24*1 &+ 3 %! *42 R+ #PAS #, 3+K
G @ .+, #30!/1&+&/) * +1+32,#%$2)&+N

2CgHyg + 2560, — 16CO, + 18H,0
1.76,10
%! /11, %0481 %!1!1&2%0!2* 2# ,1 %!
8*)! @QMCMBK &#1&+$ ,+)9 & 933 306! /1, 6& !
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@BA $
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"22",3"* -+/-",3Q 3&" 42" -$ 23-' &'-+"31" $-12 !I"1'6!
$1-+ *, "I &'+ *"04 3-,2V '%41" GVIMKGH2
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22Rc 3&3" 323- 3&1! B\ %*" 7& & '2
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% 2411 *4+43, # B3 &+&B3&2

LM 288,+]
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1.4.6 REACTION ENERGY
AND HEAT

Learning Objectives

93%! I+ , #3682 28%,+K 9,4 7&)! )!3 ,J
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CcC s %! $ %

- 7"6'1R 3&" 118" 1" 3-R7&'1" n, n 1"
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JIO o KJIF 1 GNF
ILF X JNO X GKF
HLK X HNK
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GVKJ 1K

C=C GV LGG

C=C GVHF NIM
GVJI HOF

C=N GVIN LGK

C=N GVGL NOG
GVJI IKF

C=0 GVHI MJIG

C=0 aval GFNF

&" -1""1%9'23&" ", "1", " "37"", 3&"","1%9

+HA+]7& & - 412 33&" -1123, "M 13&" " "1%9

-$ 38" 372" 131 3-+2V &2 '2 3&" 04 ,3'39 -$ ","1%9

1% Y 7&" 38" -1'2$ -1+" IV -, 6'12"R 3&" 2 +"
+4,3-$""1%9'2 D4113- 1")3&" -V -1 n

+- 4% 287 R 33&" -1123, "-$MJ/+ 3&"IR3"+ 2

MVHUGESC *.7"1 ", " “1%9 3& , 3&" 32"/ 1 31

8I1-96", 3-+2V &2 +9 2"+ *)" 2+ % 4+ "1V

- 7UEIR 277 R L) 4410 1M % 3R -1 1962
1" -$3", 12 422!, ["la+- *" 2'2V-1'8+/ *'R'3

1'04'1"2 MVIkXKh GECC 3- 1")-" © - IR 43'3

3)"2 VIbhXkh GE 3- 1") G +-*'-$ * -12v "
S+, 9-$3&"2" -12', 6139 -$+*"4*2R ||

3&'2 3* /1-61"2 6'1 %" 84"2V-1"8+/ *'R 1") % 3&"
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>123 ° -1 31'04'1"2 JIOVI ) Z+HR 7&™"
1"),%38&">123 ° 1", HL Kl -+
/'3 3&,,"1" 104'1"2 IMKVK ) Z

42" S 1MM%M2 3- * 4% 3" [/1- 8'+ 3" ",3&*/9
& ,%"2 ¢ 1" 3-2 7&"1" " 3&*/"2 -$ 4+ 3-, 1" -3
6% *V *4%3-2 -$ 3&'2 39/" 7+ *2- 3" 42 7&"3&"1
1" 3-, 2 "83&"1+ -1 "1-3&"1+'V , " 83&"1+
1" 3-]A "% 3'6R &" 3/1-14"11 1"24*32 7&", 3&" -,12
' 3&"/1-14 32 1" 231-,%"1 3&, 3&" -12 ', 3&" 1" 3,32V
U1-3&M+ 1M 34 ]A [-236'R &3 2-1 1 1"24*32
78" 3&" -12' 3&" /11432 1" 7")"1 3&, 3&-2"", 3&"
1" 3,32V
& "3&*9 & %R AR-E &+ * 1" 3- 2
/I1- 8'+3"*Q'04 * 3- 3&" 24+ -$ 3&" ", "10GRIT" 3- 1")
w12 38" 1" 3,32]""1%9 b' CR /-2'3@'%," 142 3&"
"r1%9 1M R7&", ** .12 1" $ -1+"1 ", 3&" /1-14 32

I""1%9 H#3Rc ,"% 362'%,"V &2, " " 8/1"22
+3&"+ 3" **9°, 3&"$*7,% 7 9Q

AH = Dbonds broken Dbonds formed ’ S
"8/1"22'- )R 3&92- * +",2 b3&" 24+ -%c !

1"/1"2",32 3&" -1 ","1%9 ", )*-(-4*"2 ['] +*'R 7&' & '2
*7 92 [-2'3'6,4+ "1V &" -1""1%9'2-3"'" 1$1-+

3 ) M GVIVREYH RIS 7&"3&"1 3&"

/1341 -1'2 2'%*'R!-4*'"R -1 317 -,V &42R",
*4*3',% ",3&*"2', 3&'2+,"1R'3'2'+/-13 ,33& 37
-2'1"13&" -I'%"', *1" 3,32 ,1/1-14 32V " 42"
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6%4"2 1" 39/ *9 6'1 %"2$-"39/"-$ -1+, 9
I "1 3 4-*"4%2R 3&'24% 3", [1- 6'1"2 1-4%&
"23'+3'R -3 , 8 36*4"R-$ 3&"",3& 9 -$ 1" 3-V

-,2'1"1 3&" $-**7",% 1" 3'-,Q
H, (g) + 012 (g) — 2HCI1 (g)-l
H-H (g) + C1-Cl(g9) — 2H-Cl(g) - $1+37-

Fo R G KR RG L12 g
k124423 " 1o )"V &"""1%9 104'11 3- 1")
382" -,12'2 3&" 24+ -$ 3&" -1 ","1%9 -$ 3&" * -,!

JIL) Z+- *A 13&" * * - 1THII) Z+-  *V 41'% 3&"
1" 3-R37+ *2-$ “* 12 1"$ -1+"1]-,1","1%9
i JIH) Z+- *"R 1" 2' SalKKn JIH ) Y -1 NLJ ) V 42"
3&" -12",3&"/1-14 32 1" 231-,%"1 3& , 3&-2"", 3&"
1" 3,32R 3&" 1" 3", 1"*" 2"2 +-1" " "1049 3&-,28+"2Q

AH = bonds broken bonds formed
AH = [Du-1 +Da-c] —2Dy-a
= [436 + 243] — 2(432) = —185kJ

&2 "8"22 ""1%9 2 1"™'2 &"3R 2- 3&" 1" 3'-, 2
"83&"1+'V
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L Po+) + 11,4 M 2&+$ 30!+ 1+11 $&I2
&+ ) @EEMK )4)3!13%! //1 ,8&*3!1+3%)/9
% +$'K= K& %! 1 3RX,+ %1

CO(g) + 2Hs(g) — CH30H (g)
1.76,10
&PX N+ 3 |71 &33%! ! 7&2 3143412 , # 36!
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#31" 4% -$/4 1A -1 2 3&" 173 +22 -$ 2643 /"1
6-*4+" ]SV $ 3&", "313-, -$ 2-*43"'2 -,ad,'$1+
7'3&', 2-*43-R 3&2 1"24*32 %) )/-/$%) " $) /
7'3&', 3& 3 243-V " $) /1"$123- I3"1", ", 3&"
'231'43"-,-$(// - 7'3&, 2923"+V
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&$41 QORI | (11 +3&+&+$ 2,88+ 7&B $1&4+3, #
2,)43M

., "313-, %1132 1" €+ -$ #($ /) /B
)-"4 V&2 '2 "42" 2¥43'2 3" 3- +6' $1-+ #$"#
X)) -I$K) K2R ) [-[$F) V&2 BN+ 12
) 7, 2 $60.$%) 19 -4 7% 1'2422'3 $413&"1 ", * |
#341"V *43-2 +-6' 37 11 "6", +'8'% -1 ,0$'$ -$0( V
&1"$1'R -, "313-,%1!"37'3&, 2-+43"1"/1"2"32
H($ 1) IS T&"L" 3&" +¥4*2 &6' 3&™). (# &
3-4-6'3-, 1" -$*7"1 -, "313- 7'3&, 3&" 2#43-V
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+5/) /$" 1"$12 3- 151", "', 3&" 1'231' 43, -$ ) -"4
738, 2923"+V

L2 $1+ &' * - "313- %113 7'3&,
2+43- 43 38" *2- "1 & 1%"2V $3&" & 1%" '231' 43",
738, 2-*43-,'2 -a4,'$-1+R 3&'2 1"24*32 ! |/-$
"~ $) /G* 31'* 011" 321"24*3", - " 13 -$ 3&" 43",
" 0h+-1" "% 369 & 1%"! -3&"1/ 13-$3&"™3-,
"0h +-1" /-2'3'6™0a & 1W &" 1"24*3' % ,-ad, '@+
231'43"-, -$ &1%" 2 ,' [-$ ' +*/)/$' " 42"
"% 36 &1%"2 3" 3-+6'37 1! 1"2 -$/-2'36 & 1%"
L6 " 12V -, %lIM32 1v1"23." &'+ *
S, "313-,0%11M3 e 31 %01 1M 3V &" 24+
$ 382" 37%11"32 '2 -*36*9 1"§1r 3- 2 |
A TS W A - L L K L C R
w31k M09 7'3&, 3&3 928"+ 2 1
Ll H$ ) I$'G

310 &"H ¥ 061 1M 32 138" 1"24%3' 06 3L &'+ *
[-3",3'%2 1" - *.05'**Q +/-13 3V "M2 3G9 +',3 ",
31 &M * 01 1M 32 1-22 3&™1 +'+ 1,2 3- ", 241"
38 3 "*31- &'+ * 2%, *2, " 2" 3 $1-+ 3&" 1'R *-,%
S16'2R 3- +42 % 1 Op* | 2V 931 &+ * 0p1 1™ 32
1-22 "% 4"+ 1 "2 " 241" 3& 3 "2 | 96" "1 3" " "1%9
47 &6 $4Y1 4,1"123 1'% -$ 3&"2" /122"29 3&"
-+ *'3-, -$ 3&'2-412"V

. 2-*43-R ,08'$-$0( '2 3&" "6 +'8',% -$ 2-+43"2
738, 2-%6,3V *43"2 3" 3- +6' $1-+ 1"2 -$ &%&
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SI3-2 1M 1M 0411 3- &ME" &'+ * 04 14+ $1
"&1M BNV AT L 41" 43 &' X104 14+
' 38" $4341" &/3"12V

21§ "WOR 423 &' 1" 3-2 ) (). - 41,
3.2 383 $641 &'+ * "04* 1'4+V & 2/"'*

"E'1-+"3 +'3"" 1 7'3&, 3&" " "241"2 3& 3 2-+"
&+ *1"3-2 1"$-1-$ ' R+" % 3&33&" 1" 3-,
['1$1+"1 -3 -, 613 3&" /1432 ) ',3- 3&"

1" 3,32V -23 +"3 -* 1" 3'-2 1"'11"612'*" 1" 3'-,2V
- 7"6'IR™2 +9 #)" 3&%)- "0- " 6'1-+"33-
12" 3&" 13" - 1e'* 1" 3, ', [ 13'4*1
" 3-v &2 '2 *2- 314" 3 3&" 3'224"R -1% ,R ! -1%,
023"+ *"6V-1"8+/ *"R@G 7***"'1, -43& 711 *--
"2R*--IR I 3&" 1"2/'1 3-199®@23"+ --/"1 3" 3- ",241"
3&31- I 8I"2""36%9 1"+6' $1-+ 3&" *--1,
3'+"*9 + ,"1141'% -411'2 422'-, -$ 3&" 1"2/'1 3-1928"+V

2 &, %" 3&"-,1'3'-,2 7'3&', 3&" "*3- ;" 37&"3&"1
"130, &'+ * 1" 3-2 7 - 41 ) & 7 $23 3&"9 7**



cC 3 %! $ % %

- 41V &2 &'+, 2 L"0'/$F) R 194 T
"8+, 3&23-/" ', ,"1*9 "6 "19 *'341" -$ 3&'2412"V
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- #HG '"-$) LLR3-23-1"""1%9 ,!/11
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P &'+ *1" 3-21"11,%" + 33"1Q
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u 8"1%-," &"+' *1" 3-,21""2"""1%9 2
12 1"+1"z1- 'V
P &+ *1" 3-2 &"6""04™ 1'4+7&", 3&"-/
L2 - ) - 1- - [$9. 8.
++-*38(/" 41 .( Q
u &"'31 "*4*1"6'1-+".3+ 9%$641-"
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1.47 REACTION RATE

Learning Objectives

93%! I+ , #3682 28%,+K 9,4 7&)! )!3 ,J

| 121 &!'3%!I1# 22 ,# %!I*& ) + 341K
/%2& ) B3IK 3/ 11341K ,+ +313&,+K
+ 3)9 2&2,+1 3R,+ 1312

(%065 (5,

.2 47241 -$ &7 2-+" [1-/'139 61"2 7'3& 34"V
"2 $+% 113" 38 38/1"22"2 3&" 1'23", 316!

9 ,-(" 3", %6, +43-$3+V %"'2 13"3&3
1"/1"2",32 3&" +-4,3 -$+-,"9"1,"1 9 ['12- 7-1),%
$1 %G +4,3-$3+'V )72R3&" 13" - &'+ *
1" 3-,2 +"241" -$ &7 +4 & 1" 3,32 -24+" IR -1



cC 3 %!$ %

&7 +4 & /1-143 '2 /1-14 "IR 9 3&" 1" 3-, ", %'6
+-4,3-$ 3'+"V
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&" 132 37& & 1" 3,32 1-,24+" IR |1 /1-14 32
1"$1+"1141'% &"+' *1" 3'-,2619 %1" 3/96 $ 3-12
39/ **9 ;"3% 3&" 13"2 -$ &"+# 1" 3-2 7+ "
"8/*-1" ", 3&'2 2"3'-,Q 3&" &"+'* ,341" -$ 3&" 1" 3%
24 23, "2R 3&" 233" -$ 241'6'2"-, ]-," * 1%" *4+1BA2
+, 92+ * [13' *2/ -$ 3&" 1" 3,32R 3&" 3"+/"1 341" -$ 3&"
1" 3,32R 3&, ",313-,-$3&"1" 3,32R ,! 3&"/1"2",
-$  3*923V

/, 1,40*%(3 (;<9,6 -;/, ,(*05.
<)*

& 13" -$ 1" 3- I"Mi2 -, 3&" ,341" -$ 3&"
/13" 3% 2423 ,"2V " 3'-2 3&3 /["1 2+*1 + 9
&6 "1",313"24,!"1 3&" 2 +,1'3'-,2R I"/",'"\% -,

3&" "1",3'39 -$ 3&" 1" 3,32 "8+/ *R 7&", 2+ ** [""'2
-$ 3&" +"3*2 '1-, 1 2-I'4+ 1" "8/-2"! 3- 'IR 3&" 2-1'4+
1" 32 -+/ *'3™9 7'3& '16'1,'%&3R 7&"1" 2 3&" '1-,12*9
; "3V &" 36" +"3*2 *'4+ 1 2-I'4+ -3& 1" 3
7'3& 73"1 3-4+ &91-%", % 2 ,! 2"V"3 *'4+1" 32
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1" 3'-,'2 *+-23"8/*-2'6V

[, 1 @*3 ;(;.:6 -/, (=6
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"37"™, 3&" 1&2"2V -2'"1 3&" &"3"1-%42 1" 3,
"7, 2-*1[&2" 1 ™M3&"1L *04' -1 % 242 /& 2"V
-+/ 1" 7'3& 3&" 1" 3-,13"-% *1%" 2!/ 13 *"2R 3&"
13" @ 2+ %" [13'*"'2 7™ " 01" 3"1 42" 3&" 241%
1" ', -3 373& 3&"-3&"1 1" 3,38/2" '2 %1" 3"1V
"8+ *R*1%" [2-$'1-, 1" 3 +-1"2%*9 7'3& '12 3&,
3&"9 - 7'3& >,"*9 I'6'I" '1-, /- 71"1]'%41" GVIVMVGV 1%"
[ "2 -$ F-1 24- *"IR 2+ 1 ["2 41, 1/"9R |1 27
1423 41,2 8/*-2'6*%/
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$2J

A IT2U ~
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&+ * 1" 3-2 39/ *9 -41 ®3"'1 3 &%&"l
3"+/"1 341"2\-1 | 2/-*04')*9 7&", *"$3 -, 3&")'3 &",
-4,3"1V  -7"6'1R 3&" 71 3"+/"1341" '2'1" -$
1"$1'%"1 3-172*3& 3 /1-'22 2- 3& 3 3&" 2 +18"+',2
$1"2& B! 92V 2 41,"12R &-83"2R ! €'2 1" -$3",
421, 3&" * -13-19 3-', 1"2" 3&" 2" -$ 1" 3'-,2 3& 3
/1- " 2*%-7%9 3 -11', 19 3"+/"1 341"2\V1 +, 9 &"+' *
/1- "22"2R 1" 3'-,13"2 1" /@+ 3™9 -4 *1 7&", 3&"
3"+/"1341"'21'2" 9 GF xV

65* ,5;9(;065:6-;/, (0B

&' 132-$+,91" 3-21""1- 3&" -, "313-2-$
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HI%M H1%N  H 1] 0° H]%A H [%" H 10
AXk

SO2(g) + HoO(g) — H»S03(aq)
*'4+ 1-,3"1" 327'3& 24*$41-42 " 2%-72Q
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[2°F H 1] 0 1] 0AF H]%6N H T
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CaCOs(s) + H2SO3(aq) — CaSOs(aq) + CO2(g) + H2O(1)
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3&, ', *22 [*43" IV '+* 1I*R &-2/&-142 41,2 +4 &
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7&' &'2 -*9 -43 HFs -89%",V
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H HR 1"-++*9 42" 1 2 3-/' * 32"/3'2V 91-%",

[1-81 1" +/-2"2 3- 9™ 7 3"1 1 - 89%", % 2 -1!"'%
3-3&"04 3'-,Q

2H50, (aq) — 2H20(l) + Oy (g) J'139/  *
-1'3-,2R 3&2 1"-+/-2'3'-, - 412 619 27V &",
'*43" y 4 +7'2/-41"1-3- ,-",7 -4,'R&-7"6"1R
3&"1" 3'-,- 4121/19 13&"2*43'-,$ +2 " 42"-$
3&" 6'%-1-42 /1-14 3'-, -$89%", % 2V &'2!1 + 3'
rot1t, "2 42" 93&" /12" -$ 24 23 ,"2 7'3&', 3&"
7-4,! e28/-2"13'224"2 3& 3"*"1 3" 3&" I"-+/-2'3'-,
/1- "22V 42323&3%4,3-,3-',1"2"3&"13"-$
13-, 1" 1 3*92F; 3-/' 31" 3", %1"3"11"3*
*3"1', 3&2 &/3"1V
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%I& )11 BA+2, 417%+*) A2 )&!
78&36! % Il + 4+11°$,  %P& )
31+2#1* 3 &+M WL!/ %R& ))9 N#1*&+$
1 R+8&+ ) ,13,10K28HEDR + 42
VA L* N&+$ 28*4) R, +2 311 & 3 %7
!/ 1 4 J12 &2 422! | 1)&I1 7&)) &+<4l+
113!, # 1 R+M 21860 % | +2
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1.5 CHEMIGAL
EQUILIBRIA
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| 121 &!3%! + 341, #1048)8&4* 2023*2

| 8/)&+ 0! 9+*& +341 1, # %I*& )
104&)8& &4*

| 121 &!3%!7 92 &+ 7%8 + 104&)&&4*
2003 + 1231221

| 11& 336112/ +2!, # 231221 104&8)& 184*
428+$! % 3)&112 /18+&/)!

& - 6.3- $-1 71'3% &"+* "043-2 ', 6-*62
/* "% 1" 3,3 $1+4*2 -, 3&" *"$3 2" -$ 1" 3'-, 1T-
J/1-143 % -1+4* 2 - 3&" 1'%&3 2"V 9 3&'B',3'-R



C #& $

138" I">/3-2 -$ bl" 3,3c ,! b/1-143Rc &'+ *
"04 3-, 17/1"2",32 3&" 1" 3, ', 04"23"-, 2 /1-""I'%
$1-+ *'$3 3- 1'%6EBU2'*" 1" 3-,2R &Z"6'1R 49 /1- ™|
| -3& $17 11 ['$3 3- 1%&3" ! I J1'%&3 3- *'$37
1" 3-2V &",38"13"2-$3&18 1! ,11"6 "12" 1" 3-2
1" "04*R 3&", "313-2 -$ 3&" 1" 3,3 ! /1-143
2/"™2 1"+', -23,3 -61 3+ || 3&" D23+ 2
3"04 1'4+V &" 136 -, "313-2 -$1" 3,32 |
/114 32 ', " 04 1'4+ 2923"+2 &9 %1" 3*QY 2-92F'+2
-3, +-23*9 /1-14 32 3 "04™* 1'4+R 2-+" 3", +-23%9
1" 3,32R ,12-+" -3, /1" ' *" +4,32-$ -3&V

'%41" GVKVG "**4231 3"2 $4,! 9B*1'4+ -, "/32
42'% 3&" TR 1" -+/-2'3-, -§  -*1%22 I''31-%",
3"3181" 3- 9™ 1-7, '31-%", I 81'"R , ™"+",319
1" 3-,1"2 1'"l 938"043-,Q
Ny04(g) = 2NOy(g) -3"3&3 2/"'*1-4 *" 1172
4213-"+ & 2" 38" 1"82'*" , 341" -$ 3&" 1" 3-V



#& $ C

3&1"a/131"%1+'22&; ,!* ™" IRbRc gg41
bRc ,!bVe ,/13 R 338" 3/ -$38&" I' %61 +RA® T U
38112 1°28T,R 1" &= 432 o)
2"*134"V &" 34", 3&"*'$3 ")'L2* W 13g4&+

b304*2 FVc 32 $4**-$1*22%27& &2 ¥

),1)122
S 313+, 6778387/ 1302, 0
38"34"9 1-7,7 11a$',% 117V &2 (1+2 2&3
/ 13+ 6"7 2872 2",/ 13 *'2R" & 2!!2’;’ !
+-2" 1-$37- -, 31 *4"28"1"2V&  9gl)
*4" 2R1"'2-," 3" 3-37-112/8"1"2V &2 17L\+w
39/"-$/13'*" 2% "'b 242 1/3H % +312

24213 JIVc &' 34", 3&" +11¥" ") 2 &+

* el /104 1'4+Ve 3'2 $4% - *op83 ot 181
3*,+,6!1

1-7,%27& &'2-," 3"3- —+a,6"7 ;4 2

-$3&"/13'*"2',3&"34"9 -7, 7 11a$"',% 3|’/0!

1 1% m T 1% . l*/ ’

117V &'2/13'*" 6"7 2&F2,'" | 13'*"2R 288 +
>6'-$7&' & 1" -+/-2" 1-$37- -" 3" 1 3R+
*4" 2&|l1||2v & *4" 2&||1u |2_”ll 3"! 3_ %&3'2

104&)& &4
37-1"2/&"1"2V &2 39/" -H{B' *'2* " *MTUS3

b 242 1/3H 2421Y3JVc & 1"+ %  104&)&&4

* I
$41 1" -+/-2" 1-$37-1"2/&"1"2-," 3" #ﬁ/"l‘
3- *4" 2RV &2 30/ -$U3 K2 x4

b 242 1Y3HVc &'34"",3&" 1'%&3 " )"11?6!12!

r X+
* m 304 14+4Ve 3234 -$ TL% 2 1310 1)
78'&'2-," 313- --+a, 6"7 -$3&" 104 )M

[ 13'*'2',3&"34"9 I-7,7 11a$',% 11-7V
&2/ 13" *" 6™7 2&72 "6,/ 13'*"2R 3&W



C #& $

-1 3&'2"™"+" 319 /1*22R 1 372 $1 3&"-47 1! !
1"612" 1" 3-,2+9 "I"1'6"! I'l" 3*9 $1-+ 3&" 1" 3'-,
23-' &'-+"319Q
ratey = kf[N 204]
rate, = k, [Noz]2 23&"1" 3-, "%',2].i F'R 3&"

- "313-,-$3&" H 31" 3,3'2>,"3" ,13&3-$3&"

n/1-14 3'2 "1-R 2- 3&1§ 1!1" 3'-,/1- ™2 3
>'3"13"7&*" 3&" I'R" 1" 3'-,13"'2:"M 23'+"
[ 22"2Ry 3'2 -,24+" 1 1'32 -, ".313-, $**2R 7&™*"
H2/1-14 " 1'32 -, "313-," 1"2"2]%41"

GVKV® &"!"1"2'%-, ",313-,-$3&"1" 3,32%2
3&"4@q7 11" 3-,13"R '3&"", 1"2'%/1-14 3

-, "313-,2/""23&"1"82" 1" 3'-, 1 3"]%41" GVKNG
&2/1- "22-34"243*." )1 , (,0,-, # )

y om0 )+ &K 37&&3I+"3&"L" 3-,&21"1&"
"04* 1'4+R 2 &1 3"1'"" 9 -23,3 -, "313-2-$'32
1" 3,32 ,1/1-1432]2&!" ! 1" 2-$ '%41"

GVKVG '%41" GVKWG3e2 '+/-13 ,3 3-"&/2"." 3& 3
&'+ *"04™* 1" 1"19,+'Y 1" 3'-, 3" 04* 14+ &2
-3 b23-/"IRc 43'2/1™1"% "', 3&" $17 1! ,11"6 "12"
r" 3-2 33&"2+"13"V &'219,+' |, 341"'2"22",3"'* 3-
4,1"123 "% " 04™ 1'4+ "& 6'-1 21'2 422" 3&'2 |!

24 2'04",3 &/3"12 -$ 3&"&V

-3"Q &""04™ 1'4+-$ ,4, 3*9:"M1" 3-,'23&"2+"
2 3&3-$% 3*9" 1" 3-R -* 3&" 1" 3-, 13" 2
ror1t3veo & 1" 3, 7 1" & 04 14+ +4 & $23"1



#& $ C

7'3& 3*923V ,:0+"2 1"3+%0232", -P23"+224 & 2-41
N9 V4 7R 41" 43704727, 3&" *3"1 &/3"12
-$38'283 - )V

7-1" - 1" 2&F, 3&1-7",% (4%%*, % I',2  gs41
) !$ -13& 3--" ,-3&"1V am
37, XIN12
,+
'4$$)&+$
3
&))4312
3!
9+ *&
2/ 3 .#
%I*& )
104&)&& M
%
[112,+ &2
PNL78&+3$
+
3 %&+$
Y42 3
I! 2 1
13K +
I %
%,) 2
T/1,8&
*3 1)9U
,+23 +3
+4* 11
J#)42M

8<030)90<4 65:;(5 ;

&" 23342 -$ 1"62'*" 1" 3'-,'2 -, 6',",3*9 22"22" 9



C #& $

"6*43'% '32" 3-, 04-3"3] V-1 1'612'* 1" 3",

"2 1" 9

mA +nB = zC + yD,3&" 1" 3-,04-3",3'21"1'6l

1" 3% $1-+ 3&" 23-' &-+"319 -$ 38" "1"04 3-, 2
[C]*[D)?

Q.= —————78&'1"3&" 2423 I"-3"23&" 42" -$
[A]"[B]

+-%1 - "313-2' 3&"'8/1"22-V

X

4,6,0* ($86,10 71 6,(06 :24 (55,105

1833%! + 1+313&+X 2! 1! 3%+ 04,3843
18/11228&,+#1 1 % # 36! #), 7&+$1 3%, +2J

(a) 302(g) = 203(g)
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"04'% 1'4+ +'8341"V $ H2 1" IR 3&" 1'%&3 2&'$3 7

244" 114 T 2" 04 1'4+ '2 1"a"23¢2&IR
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§o*22"1 - "313- -$ p3&, 72/12"3 "$1"V

$ 2 11" IR 38" "7 D4 1'4+ +'8341" 7** &' %1" 3"1
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%! 4+ B+ 1F U+ %IFEBD +
1 ,+312 #818+2%,12 (3, @EK 7%!+
21 % 181319 T@BRECU 161),/ !



#& $

X D, , #E&UPE+STIILT&Y 1 + & 8&!3
(11 +317 3UMRIBR /I, %
&+66! /1 , 4 R+ # 1 + & 8&191 R+$
L&) # 688]) T2AM8  &U 788 % )(T ) &4*

1 +31U

%! 1 + &, 8&!7 23%!+ &22,)6 &+ 7 3!1K
1 R+$31, 4 1%91,8+ 1 +31K 7! (

& 36324 2104!+3)9 &,+&: 3, 9&!)

& 1,+3! + %9 1,$!+&,+2]

dissolution CO3(g) = CO3(aq)

hydrolysis COsz(aq) + H,O(l) = HyCO3(aq)
ionization HyCOj3(aq) = HCO3 ™ (aq) + H' (aq)
%12! 2 *1104&)& 1&4* 11 R, +2 13%! 2&2 #
3 92X+ 1 ,+3&,+/1 122M
611812 1118/,21 3, %&$% /2241, #
$2042 1 + & 8&! 41&+$B!/1, 1223
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"04* 1'4+ -23,3RV &, , " 04* 14+ 2832 ',
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6*4" $1 38”04 1'4+ -,23 3V
_ 471231 382 /&"+" R -,2'I"l 3&" ""+" 319

1" 3-,

A+=B

vo"3&2'2 ,"™"+"319 1" 3'-R 3&" 1 372*$1 3&"
$17 1! 11"6 "12"+9 "I"1'6"1 I'l" 3*Q $1-+ 3&™, "
"04 3'-,e2
23 &'-+"319T8"$i)$[ \1 3"1i)1[\1 3"$i)$[ \1 3"Li)1[\
Xk
rate; = ky¢[A]
rate, = k,[B]
"04* 1'4+RL 3"1i1 3"$1 3"1il1 3"$Xk

&", 3&" 2923"+'2 3
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ratey = rate, 4 23'343',% 3&" 1 37> ",3- 3&'204 *'39
41" 11 ,%',% %'@

kf[A] = k.[B]
B] kg &"" 04" 1'4+ -,23,3'22", 3-

A &k e
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-,23,32 -$ 3&" 23"/2 ', 3&" &','”2+V "% 1!*"22 -$ &

-+/ *8 3&" 1" 3'-, +9 "R 3&" 3"+/"1 341"a!"/",!I", " -$

‘3204 1'4+ -,23,3/"12'232V
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heat + N3Oy (g) = 2NO;(g)
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1.6 ACID BASE
EQUILIBRIA
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1.6.1 ACIDS AND BASES

Learning Objectives

93%! 1+ , #36&2 28, +K 9,4 7&))! )13 ,J
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117 242 113K 242 1/3L 24/"124'/3/-2'3'6 2'%,
[*42 2412 1'/3,"% 3'62'%,V 24 21'/3H '2* ™R
b ''"Rc' 1"V 242 113K 242 1/3K'2* "R b 2"Rc



C

2"'-"3-,  -$ 2/"™2- 4127&",'3 "/32/1-3-,2
$1-+ 73"1 +-*4*2V | 3&"84% *' "*=T7TR 91"
+- *4*2Rk kR 4,1"1%- 2" 3'-, 7&", 1'22-  *6!,
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1 7'3& >$3&  3-+R 7& & $1+2 2% -1 7'3&
3&" 3-+V &2 1"3"2 1'% 2314 3418/ 3-+'2 *2-
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13" 17 3"1Q

HCO3 (aq) + H30" (ag) + H,0(1) = CO3? (aq) + H30™ (aq)
HCOg_(aq) + H20(l) = H2 003 (aq) + OH™ (aq)
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H,0(l) + H,O(l) = H;0" (aq) + OH (ag) K, = [H;0"][OH "]
&" 2%%&3 - "t 3=, -$ /41" 73"1'2 1"78" ', 3&" 2+ **
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2H,0(l) = H30" (aq) + OH (agq) Ky = [H;0"][OH | =1.0 x 1071
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H# g

TU2 + & 7&% -
TU 2 217&3 %

1.76,10

(a) HSO; ™ (ag) + OH (aq) = SO3% (aq) + H2O(1)

(b) HSO; ™ (aq) + HI(aq) = H3S03(aq) + 1 (aq)
+(&-! 174 ($40,0*

18321/ 1 311043 &,+2 W1 121+3&+$BH!1 3R, +
JHOA cW

TU 2 217&3% 1
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-3, -,23,3'2 71'33",
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CH;CO,H(aq) + H,0(1) = H30" (ag) + CH3CO, ™ (aq) K,=18 x 1075
HNO; (aq) + H,O(I) = H307 (aq) + NO; ™ (aq) K,=46 x 107*

HSO, (aq) + HyO(ag) = H307" (aq) + S04 (aq) K,=12 x 1072
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L3NV & 133§ 7Y 12 1
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% ionization = [HT]eq x 1007&"1" 3&"
0



C

A4+"13-1'2'04'6*",3 3- 3&"-, ",313-,-$3&" "le2
(4% 3" 271" 23~ &+"31R [N | T\wv )
3&" 6*4"R3&'- )/$9$5/%%)-$ 7") 16 1"2
7'3& 3&""'3'*-, "313-,-$ 'IR39/ *9I"1"2' % 2
S, M313. 1M 2"2W04% 14+ * 4% 3-2-$38&" 2-13
"2 1'"1% 31", 382 &/3"1, "42" 13- ->1+ 3&2

"& -1V

$.87.$ 6,10 1) (4&0 6 10,<$6,10 )4/
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B(aq) + H;O(l) = HB"(aq) + OH (aq), 3&"
-3 -23,3'271'33", 2
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1 38" -(4%3" a2 /1 zZ 9R -3
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- - [HA][OH ]

A™ (agq) + H,O(l) = OH™ (aq) + HA(aq) K, = ﬁ
- - [HAJ[OH ]
A~ (aq) + H,0(l) = OH (aq) + HA(aq) K, = T

"% 3&"2" 37- &"+' *"043'-,2 9"*12 3&"04 3'-, $-1
3&" 43--":3-,$-173"1Q

HA{aq)y + H0(1) + A—fag- + H,0(l) = H;0" (aq) + A—faqy + OH (aq) + HhAfaq)
2H20(l) S H30+ ((ZQ) + OH™ (aq)
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$1,9 -,(4% 3" "a 2"/'IR,+"*R 3&"1 + 3&"+ 3
/1-143'2"04*3-3&""-,/1-143-$73"1R7V 9

1" 11 ,%',% 3&@4'3'- R 1"/1- * 1™ 3'-, "37"", 3&"
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7**'8&''3 3&3'2"22",3'**9 :"1-Q
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1.6.2 PH

Learning Objectives
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-3'2"04* -, "313-2-%$ &1-'4+ | & 91-8""
-2Y $$ ' '3 -3'2 %1"3"1 -, "313-, -$
8&891-'4+"'-2 3& , & 91-81"'-2y I 2" '$'3-3'2
*22"1-, "313-,-$831-,'4+"'-23&,& 91-81""-,2V
-++-, +" 2 -$ " 8/1"22',% 04 ,3'3"M2 3& 39+2/,
+, 9-1"12 -$ + %,'34!" '2 3- 42" *-% 1'3&+'*'¥/ "
24 & 2*"3& 3'2'89 /-/4*1 $1 &"+ * -, "313-2 !
"04* 1'4+ -23,32'2 2" -, 3&" /a$4,3- R I">" | 2
2&7, 7&"1" b c '2 3&" 04 ,3'39 -$ ',3"1"23 ! b*-%c 2 3&"
2"aGF *-% 1'3&+Q
pX = —log X
&" + -$ 2*43-,'2 3&"L'H I">"1 2 2&7, &"1"R
7&'1"[ 1 "\'23&"+*1 - "313- -$&A1- "4+ ",
38" 2:43'-,Q
pH = —log [H30"]
11 ,%",% 3&'204 3'-, 3- '2-* 3" 3&" &l-,'4+ ',
+- *1'39 9"*12 3&04'6*",3 "8/1"22'-,Q
[H3;O"] = 107PH )"7'2"R 3&" @1-8"1""-, +- *1'39
+ 9 ""8/1"22"2 /a%$4,3-R-1/ Q
pOH = —log [OH |1
[OH_} — 10 POH ' =g R 38" 1™ 3", "37, 3&"2" 37
- -, ",313-,2"8/1"22" 2 [a$4, 3'-,2'2"2*9 I"1'®
$1-+ 3&" 7 "8/1"22-,Q
K, = [H30"] [OH]
—log Ky = —log ((H;0"] [OH"]) = —log [H3;0"] 4+ —log [OH ]
pKy = pH + pOH3HK xR 3&™8"-$ 72
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14.00 = pH + pOH &" &91-'4+"- +- *1'39", /41"
7 3"'1]-1 ,9,"431 * 243- A2 GMEXKGEM  3HK xV
&'/ |V -$ "431*2-  *43-, 33&23"+"1341"
1" 38"1"$"Q

pH = —log [H30"] = —log (1.0 x 1077) = 7.00
pOH = —log [OH | = —log (1.0 x 10™") = 7.00
12- R, /R T 2-*43-2 1"38&-2"7'3&
&1~ 4+ - +-  *1'3"2 061" 3"1 3& BN

GEM 18 91-81"", +- *1'3"2*'22 3& , BN
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MVFF 1/ 6 *4"2*223& , MVFFAV

38" 43--13-  -23,3 7 2 3"+"1341"
rrr 3R 3&"2" -11"*3-,2 "37, /[ 6 *4"2 1 3&"

"z"431*Z 2" |(" 3627** "I "1"3 33"+/"1341"2
-3&"1 3&, HK xV1 "8+/ *'R 3&" b &" -41 "1,,%c

"g1'2" -+ , 9% 8+ * GVLVGVG7"R&3&"

&I1-'4+ +- *1'39 -$ /41" B"1 3 NF x 2
JVahxkcEY R 7& &-11"2/-123-/ !/ 6 *4"2

-$Q

pH = —log [H30"] = —log (4.9 x 1077) = 6.31

pOH = —log[OH | = —log (4.9 x 1077) = 6.31
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3-3&"13"+/"1341"2R 24 & 2",:9+" 1" 3'-,2'1#a
*-1"1-1%,2+2 3 3"+/"1 341" 1-4'IL°IFxV ,*22
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%382/, #B* % &K 2)8&+ # )
7836 %9l +&4* &+ + 143138+ #
@V ob @F N

1.76,10

pH = —log [H3O ]

= —log(1.2 x 1073)

= —(—2.92) = 2.92T%!+ 3 (&+$3 %! ),$ , #
6)AIK (1 2*+9 | &*)/) 12 &+ %! 124)3 2
11 1128$+&; +3 ;$412 &+ B! 6)4IMU

+(&- ! 174 ($40,0*

31118/,2 3, &1 +3&+t2 1 +& &Ka 8K
4'3,3%!'1 XK, + 'F I+ 1 + & 8&! +
7 3113

COQ (aq) + Hz O(l) = Hz CO3 (aq) &IX
23413!' 7 311%2 %91,+&4* &+ ,+ +313&,+



421 9! &22)6 A, #ATOb @F K
43 RXRM2) 111 o+ D63 #/41 7 311IM
)4)313%!/ , #3612)43%8,+ 3MDhM

($

$.&7.$ 6,101) ; '410,7/ 10
10& (0 646,10 )4/ 2

) 4) 3!3%! %9 ,+&4* &+ ,+ +313&,+ .# ),, K
0!/, #7%&6 &2EM

1.76,10

pH = —log [H30"] = 7.3
log [H30"] = —7.3
[H30%] =10 "* or [H30"] = antilog of —7.3



8?7 -3/7- I,
74: -877/-<

08,4L0/(0 6%. &,(0& (
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33%!/1121+ |, # &22,)6 AT%8&% H#*2
1 +& &

H20(l) + COy (g) — HzCOg(aq)



H,CO3(aq) = H' (aq) + HCO3 ™ (aq)
& 1&+ &2&+7 311 363% 2 [, #)122%0 +
[K 413 6 1&3,#++" 3),8& 12K &}4 &+$
K K BK K+ A I&+$ &22)B &+
P07 311+ 1! R+$ 788 &3IBL*+, 3 ,+)9
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#1*3 &,+ + 24 210443 &,+&: 3&,+ # 241&
& 1 2%,7+ %!11J
HQO(Z) + SO3 (g) — HQSO4(aq)
H,S04(aq) — H'(aq) + HSO, (aq)
1 ,+ &, 8&!&2+34))9/112!+3 &+ %Bo!
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o #

7.1 9

%1 P & - "313-2-$&1-'4+ 1& 91-81"

F U 21" 13 *1"3"1+, ,32-$ 3&" 2¢43"-,e2
/1-"13"2V
P )O/-' 2*43- -3'2"04* -, "313-2-$%
&1-'4+ & 91-8"1"'-2]) iIMV $$ '$'3
.32 %1"3"1-, "313-,-$&931-,'4+"-2 3&,
8&91-8'1"'- 21/ I MY ! $ '$'3-,3'2 *22"1
-, "313--$&91-,'4+"'-23&,& 91-8'1"'-2
1/ KMAV
P -*43'-,/ 1"/1"2",32 3&" 'I'39 -$ 3&" 243'-, ,!'2
1" 3I'3-3&" -, ",313'-,-$831-'4+"-,2Q
pH = —log [H;07]
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1.6.3 HYDROLSIS OF
SALTS

Learning Objectives

93%! I+ , #3682 28%,+K 9,4 7&)! )!3 ,J

| 11& 37%!36!1 2)32)4%.,+78)! &8&
28& K1 +831)
| )4)313%! + 1+313&+2 # 36! 61&,42

2/ &12 &+ 2)32,)%&,+
I 121 &!'3%! & &,+&3&,+ ,# %A 3! *I  3)
&,+2

(3;: >0;/ *0+0* 65:

*32 1" - -+-402 42" 1 -$ 3-2 1 2R
"3&"1-$7& &9 " [ *-$4"1%-"'% , T-1 2"
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-3 1" 3, 7'3& 7 3"1V 04-42 2*3 243-2R
3&"1"¢"R+9 " TTR 2'R-1,"431*R !"/"I'% -, 3&"
136 'la 2" 231",%3&2 -$ 3&" 2;B3834",3 -2V -1
"8+ *"R I'226'\% ++-'4+ &*-1""' 7 3"11"24*32",'32
'22-'3-,R 21"21'"! 93&"04 3'-,

NH,Cl(s) = NH; " (aq) + Cl™ (aq)

&" ++-'4+ '-, '2 3&" (4% 3" ' -$ 3&" 2"
++-'R Y '32 1 -3 -1 T & 91-*92'2n
1" 3-,'21"/1"2",3T 9

NH; " (aq) + H,O(l) = H30" (aq) + NH;z(aq) K, =K,/K,

M2 7 ") 2"R 247241 ) kF

J+#4-/44'-2 7 ") Y
&' &*11"'- '23&" -(4% 3" 2"-$ &1-&*1' 'R

J2-'32 20 '-n3- -1 - "3) &3-#-1" 3-, 2
1"/1"2",3" 9
Cl™ (ag) + HoO(l) = HCl(aq) + OH (aq) K, = Ky /K,

Lomox 20 231-0% IR'2 447241 *9 * 10"
! n F &1 -2 1-e3 41"% /1" "' *
89I1-¥92'27V

QA2R 1226' % ++-'4+ &*11" ' 7 31 9"*I2
2+43'-, -$ 7") 1 3-2] Jf JXK Ja
'"13 -2]1% AR 1"24%3'9% ", , 1 243-V

(3;: >0;/ (:0* 65:

2 -3&"1 "8+ *R-2'1"1 '22-%6'% 2-'4+ "33" ",
7 3'1Q
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NaCH3COs(s) = Na*(aq) + CH3CO2 ™ (aq)

&" 2-1'4+ - 1-"2 -3 4,1"1%- //1" ol 20
-3 &2 - "3 -, 3&" 2#¥43-, /V &2 + 9
2"+ - 6'-42 $1-+ 3&" - e22B4*R 7& & 1" 3"2 -
&91-%", -1 -89%", 3-+2R 43 2-+" I'2&! +"3* '-2
$4,3-, 27") '2R 2 N1"22"*3"1", 3&'2 B'-V

&" "3 3" "R
] 1 Hg"R] | Hg"RXk ] | "R 3&"-,(4% 3"
2"$ "3 'R | pR [M2-'32 2"'-13-
1 - "3, &3-#1" 3-,'21"1"2"3" 9
CH;CO0, " (ag) + H,O(l) = CH;CO,H(aq) + OH — (aq) Ky = K, /K,
"42" "3 2 7MY IR 32 "2 +"241

! kF]"33"-,2 7") 2"V

'22-%6' 96 2-I'4+ "33"', 7 3"'19"+2 243-, -$',"13
3-2 ] fa | 7") 2"
-2 11 Hg™R] | HPRXk 1 | " R"24*3' %
L2 2%43-V

(3;: >0;/ *0+0* (5+ (:0* 65:

-+"2*32 1" -+/-2" 1-$ -3& " || 2' - 2R |1 2-

3&"/ -$ 3&™1 2:43'-,2 7** 1"/"1 - 3&" 1"* 3'6" 231",%3&2

-$ 3&"2" 32/" M2V )'T'2'R 2-+" 2*323", 2,%*" -,

3&3'2 +&/1-3'R ! 2- 3&" 1" 3'@31",%3&2 -$ 3&'2 '-,e2
I 2" &1 3"1 77+ 1"3"1+'," '32 "} 3 -, 2-*43'-,

/IV -1 -3& 39/"2 -$ 2*32R -+/ 12-, -$ 3&"
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! 6*4"2 **72 /1" 3'-, -$ 3&" 2-*43'-,e2 'la 2"
23 342R 2 **42313&" $**-7',% "8+/ *"'8'1'2"V

X

( 64/,0046+( &',&14 $5,& $674
1) $.65

| J1%&+! 7%! 1 041,42 2)4 3, +2 # 30!
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2.3 OOMPARING
PROKARYOTIC AND
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,31-%",-42 2"R >& 1-,24%1]!"-891'-2""R
Sl &-2/&3"%1-4A &"1" 1"81,'31-%",-42 2"2
' R37 -1t 1%4 N 13T -
[91'+''"2] 93-2')" ,13&9+',"*V  +- 42
-+/-2" 1-$37-231,12V &231,1'2 -+/-2" |-$
A4 -312 - 1" 13-%"3&"6*",3*9 "37", 3&"

| &-2/& 3" %1-4/ -$ -," |1 3&" 1"-891' -2" 24% 1 -$ 3&"

," 83V 1-+3&2)-"" 83"13&" 2"2V &" 2"2-$

-,"231,! -13-3&" 2"2-$3&"21231,!73&

&I1-%", - 12V 1" *7 92 -127'3& 3&+'"R
Jo 932" *7 92 - 12 7'3& %4 ),V &" -1\ %
42"2 3&"3231,123-2/1* 1-4,1" &-3&"1",

2& " ¥ 14 &GV -4 F 1] A2
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C % %$& %&$ !

2"-1.4* g 40, "V 2 2'.%*a
231 1" /- *9+"1-$ 4 *:3'1"2V 3 *2- 112 $1-+
'3&3'3 -3'23&"24% 11 -2"R13&"13&,
"-891'-2"R ,! 3&" ,4 **3'1" 41 * 1 3&"1 3&,
3&+'"V 1-42 +- *'4*2%4, 3-,"', 3&"
11- "22 -$-$+',% /1-3",2 $1-+ 3&" %","3'-I" ",
\%
P 1-)193"2-3' 2,%*R!-4 *a231,I''14*1
&1-+-2-+"V 4)19-3"2 -,3' -4  *"a231 I'*"1
+- 42 ) %" 3- &1-+-2-+"2V &"
&™*8271/" ! 1-41/1-3"23-$ -1+
A4 -2-4"2V &' /1-3", -*2 1" $413&"F"IR !
141'% +'3-2'2 1 +"-2'2R 3&" &1-+-2-+"2 "-+"
"6, +-1" %1" 3*9-*"1 3- $ *'3 3" 3&™1 +6'+",3V
&1-+-2-+"2& 6'37-123,31"%-27&' & , "
I'23',%4'2&" 923"',",%R 1"3% !'; "1",3 1"%1'2 -$
/)%, % '1"3"1+'" | 97&"3&"13&" ',
1"'%'-,'2 "% 8/1"22"]"4 &1-+ 3',* -1 ,-3
]&"3"1- &1-+ 3' AV



% %$& %&$ ! C

Glossary

& 1+ BIX 1 +24$1*)4)17&3 %
%91, $+ 3,*1 3%I186+ %91, 89) $14/ &+ k!
Ai/283,+PBI24$1 */ +4+3, # +4 ) RI2

# &+ IR)NAL2%/) |, # &+ T%& %
7,231 2, #+4), RI27&+ 14+ | % Il
&+ 2/8)2%/!

" #ol+ +&31$!1+X +3 &+&+3$ *,)! 4)!
203 22 2P, B+11#11&+$3+!, # 30!
/41&+! |1 /91&*& &+! ¥/ | +1+32 #+4)& &2

P #+ *)NA)1$L 4 +282R+$ #
1+31) / %,2/%,142 3* 4+ 3, #41, 89$!+
3,%2



C $" %!

4.7 DNA REPLICATION

Learning Objectives

93%! I+ , #3682 28%,+K 9,4 7&)! )!3 ,J

| 8)&+36!/1, 122, # 1 )& 3&+

| 8/)&+ 361 & 13+ |, #H X1 213,
1)& 3&+

| 121 &% %+82%2 # 1 &1

&', M IGI"2R'3'2'+-13,33&3# 0% /- "
SO$1.) S )IS 4 M vV &2 2
4+ ¥28r 9 3&" /122 - 1" * 3-V &"
1% 3-, -$ - 412 141'% 3&9,3&"2'2 & 2'R -1
/& 2'R -$ 3&™** 9*'R "$1" 3&" "+ " 3"12 +'3-2'2 -1 +"-2'2V
&' "™413- -$ 3&" 2314 341" -$ 3&" -4" &8
[1-61"1 &3 23-&7 2 "IV " %383 1M
4312 '] 7'3& 38+ 4+ -31"2R | 93-2'" 7'3&



$" %! C

%4 .,"V &2 +",23&33&"3231,12 1" -+/ *+",319
3-" &-3&"1V+1"8+/ *"R 231,!-$ 7'3& ,4* -3I"
204", " -$ 7 & 6 -+ *+"319 231!
7'3& 3&" R4", " ] ‘%41" IVMVG

&P41CNMD %! F ,231+2, # 1 | *H*+31 9K
* +&+$ B0l 21041+ |, # 212 &+ 41231+ + 142! 3,
1! 313%! 11 321041+ |, # 212 &+ 36! ,30!1 31+ M

" 42" -$ 3&"-+ *"+",31'39-$3&" 3231 ,12R &',% -,"
231 ,1+",23&3'32*.$ " [*- - H#* H#H-1) V



C $" %!

&2+ 1" $-1 1"F 3'-, 24%%"232 3& 3 3&337,!12 -$ 3&"
-4 *&™*82"13"141'% 1" 3'-,R ,|" &231,12"16'2

2 3"+/*3" $1-+ 7& & 3&" "7 -+ *"+"319 231 ,! 2
- 1] '%41" IVMIVH

&S41CNMA %! 2% +21163&6%, ), # 1 )& 3&+
&2 298+M 19 &+ & 323%! 18$&+) 2 31+ 2 K + )4l
&+ & R+ 7)9 29+3p128: M

41'% 17 * 3-R" & -$ 3&" 37231 ,12 3& 3 +)"



$" %! C
4/ 3&" -4 * &™*'8 2"1B 2 3"+ 3" $1-+ 7&' & "7
231,12 1"-/" WV &","7 231,17 " -+ *+" 319 3-
3&"/1"3*-1b*Ic 231,V &,"71-4 * 231, -2'232

$-0 1M3% 2310 1 -" "7 14%&3" 231 IV &2 2
-7, 2 . ($ *.-1 /$1 - +'$ /$Y) V &", 37-
_/III2 1II $-1+ll !R 3&"9 &I , l!ll,3l * 2'04", n _$

AX31T 272 1 1M BN |04 9 ' 3- 37 1 4%&3"1
ek Q\/

(2.,&$6,10,0
7-$4,165

" 42" "4)193 %"-+"2 1" 619 -+/ *8R

1"+ 3-,'2 1-4 *(+'$/ +* .. 3&3'6*622"6L*
"9+"2 1 -3&"1 /1-3M,2V 3 - 412", 3&1"+", 23 %"2Q
'3'3-R"-,% 3'-,R ! 3"1+', 3'-V

"% 383"4)18 2 -4, 3-/1-3".2).- 7,
2 &923-"2 3--$+ 2314 341"2* 4* 2-4+"2V 41'%
|’|3I 3'_’R 3&" |2 + !II II22I *ll 3_ 3&" /1_3"[’2 ’!

"i94"2 ' 6*G1 Y, 3&" 1"/ 3-, /1- "22V 7 1-"2 3&"
1'% 3 + &"19),- 77&'1"-, 3&" -4  *" &8
3- "W 3 3412 -43 3&3 3&"1" ' 24* 3"
204", "2 *1 1'%'2 -$ 1" 3-, 3 7& & 1'/* 3",
"06'2V "13",/1-3"2 ' 3- 3&" -1'%', -$ 1M 3'-, 7&*"
CUIOHT R g 4,712 12 4] 38"

&8V 2 3&" -2 4/ R a2&/! 2314 341"2*"



C $" % !

-+'$/FF) & 1" $1+"1 ] ‘%41 IVMVIT - 11+ 3,
$1)2 1" §1+"! 3 3&" -1'%', -$ 1% 3-,R ,! 3&"2" %"3
"3 I", -3& 't 3-,2 21"+ 3-,/1- "2V &"1" 1"
+4*3'*" -1'%',2 -$ 1*/ 3'-, -, 3&""4) 19-3' &1-+-2-+"R
24 & 3&3 ™/ 3-, ,- 41 2'+4*3,-42*9 $1-+ 2"G *
[* "2, 3&" %",-+"V
41'% "*-% 3'-,R , ";:9+" M +* "4(-.
n 4= -31"2 3-3&" 1z ",! -$ 3&" 3"+#/3"V " 42"
[~ *9+"12" ,-*9 N7 4*  -31"2 33&"")!-$
)-"R /1'+"1 2" 04", "R 7&' & /16'"2 3&'2 23 13'%
/3R '2 "1 7'3& -+/ *+"319 4* -31"2V &2
/1'+"1'2 1"+-6"1 * 3"1R ! 3&" ,4 *3'1"2 1" 1"/ "1 7'3&
A4* 312V " 231 IR 7& & '2-+/ *"+".319 3-
3&"/1"3* 231,IR'229,3&"2"" -,3,4-42*9 3-7 1!

3&" 1" 3-, $-1) 2- 3&" [*9+"1 2" , Il 4* .31"2",
382113V &2 -3',4-42*9 2,3&"2"1231 1'2),- 7,
238" $)".J-) OV "42" 4+ 4(-. -9
D,3&"2:" ' Kz3-1z!'l" 3-R3&" -3&"1,"7 231!

'2 143 3-%"3&"1 ', 2&-13"2" **1 ) ) $1 %+"32V &"
):) $1%+"32 " & 1"04'1" /141 +1" -$  3-
2313 389,28"2'2V &" 231! 7'3& 3&" ):) $1%+"32
2),-7, 23&""™$)" /) V 2938&"22 /1"2R
"SO+" 1"+ 6238 [1+"IR 7& &'23&", 1"F "1 7'3&

A 31"2R 138" % /2 "3T, $1%+",32 1" 2" K"
9 ,":0+" w1 .V

&' /1- "22 -$ 1" * 3., " 24++17" 1 2
$*72Q



$" %! C

GV 4, 7,2 33&"-1%,-$1% 3-V

HV"7  2'2 1" 11"13-3&" -+/ *'+" 319/ 1" 3 *
231,12V " "7231,1'2+1" -3 4-42*9R 7&*" 3&"
3871 231,12+ 1", /" "2V

IV 14"12 1" 1+6'R "7 4*  -31"2 1"/43",
[* " -$3&" /112 13&" )" 22" 19
0 2"V

'3;,=+5 877/-<387

&$41CNIB 11/)& 3&,+#L(&2 A 9!/ 1+&+$ #
! 1838+ U)& 3&+K + %I1)& 2121/ 1 312 3%!
BH2M+ /1 &18&2P+306128: + &21),+$3 | 9
! [ )9H1 2IM +3%!)! &+$ 231+ K &2
20436128 +3&+4,42)8 7%!1 2 + 3%! ) $$&+$ 31+ K

822 9+3p128: &+ 2%,B BL3WIM%! # 1$+1+3 2
11'"&+1 9 )&$ 2! T+, 3 2%7+UM

-4 '2-x3" M 231, 7& & 3&" ()% 3-%"3&"1 -$
) ) $1%+",32'2'+/ 1"l 1242/" 33&3 +433-,&2



C $" %!

- 4111, "9+ $ -4 338" 1'% 3- $-1)V &' &
"0+ 12 +-23 ¥)™Q 3- " +43 31W

1,27 "1Q '%2'R 2 3&2 ":9+" (-,2 3-%"3&"1 ):)'
$1 %-+",32VA

,364,9 , ,730*( ;065

" 42""4) 193 &1-+-2-+"2 1"*"1R 1" * 3,
472 3-3&" "1 -$ " "4)19 -3 &1-+-2-+"2V 2
94 &6 *1"IR 3&" /- *O+"12" "0+ | Il
AR N kg L Pt 3LV, 3&" *I'0 231 IR
D,38"2'2 -,3,4"2 4,3* 3&" "| -$ 3&" &l-+-2-+" '2
1" &"Y &7"6'1R -, 3&" * %%',% 231, 3&"1" 2 "-¥1
/141 3- "+1"$ -138" $1%+"33- " /"1 33&"
"1-$ 38" &L-+-2-4"V &2 /1"2".32 [1- *'+ $1 3&" "+
" 42" 38" " 12 1"+, 4,/ '1"IR |1 - 6'1 34" 3&"2" " 12
%"3 /1-%1"28062&-13"1 ‘22,3 4" 3- I'6'1"V &" " 12
“$ 38" "1 &1-+-2-+"2 1")-7, 2 ['*(- .R7& &
&6'1"/"3'3'62004", "23&31- -3-1"$-1 / 13' 4*1%","V
2 -2"04", "R'3'23"-+"1"23&3 1" 2&{IB3R " &
1-40-$ 1" * 3-'23"1-$ %""2V -1 "8+/ *'R ",
&4+ 2R 2'8 2"a/'l 204", "R R'21""3" | GFF
3- GFFF 3'+"2V &" EF'19 -$ 3&" ":9+"/ ' *(-.
1/%41" _JVMVE™/1 ', 3&" 4,"123 1'% -$ &7
&L-+-2-+""12 1"+'3"" IV &"3"*-+"1 2" 33 &"2 3-
3&" " | -$ 3&" &1-+-2-+"R || -+ *'+"319 2"2 3- 3&"
3"/ *3" 1" 0M1-3&""1-$3&" 231V, "



$" %! C

3&" *%%',% 231,! 3"8' '2 24<™.3*9 "*-0% R
[-*9+"12" ,,- 7 I 4% -31"23&3 1"-+/ *"+",319

3- 3&" "12 -$ 3&" &1-+-2-+"2V &42R 3&" ",!12 -$ 3&"
&1-+-2-+"2 1" 1"/* 3"V

&$41CMIE %!+ 2, #)&+tL %F2*2 1  1*&+3 &+!
9! R,+ #3631 2!+ 9*IM



C $" %!

"k_4"1 2" '2 39/ **Q &ll 3-" 36 " ', %"1+ "**2R 14*3
23"+ "R 1 24" | "1 "MVl &'l 12-619 -$

3™*-+"12" 132 3-R *: "3& * )41,] ‘%41" JVMIVK
1""e"3&" - 1w"$ -1 "M & 92'+-%9 ' HFFOV

&$A1CNID )& ') (A1+KR?H , 1) 411 31K72
P! 2 &1+B3 7%, &2,6!11 %, 731,41 217 ,1(2M T R3]
MM * 22 9K 3 (%,)*K 7!1+U

*-+"12"'2 -3 36", 14*32-+3" "2V 14*3 2-+ 3
"2 3& 3 4,I"1%** 1'6'2'-, -,3',4"3-& 6'3&"M1 3"-+"1"2
2&-13"V &'2 "22",3'**Q +" 2 3& 3 3"*-+"1" 2&-13",",% '2
22-'3"17'3& %', %V ,HFGFR 2 ",32B3&3 3"*-+"1 2"

, 1"6"12" 2-+" %"al™3-,I'3'-,2', +' "R ,!3&2 +9



$" %! C

&6'/-3"3 %" 1"0%" "1 36 +" 1" &/ 4] 2"al"> ™ 3
+MTUN 42 382" 2341M2Y 382" 6' 3'224" 31&R
23"+ 1"/ *'3- R -1% , 323"+ $41'R 1 '+ '1"1 3224"
(419 1"2/- 2"2V*-4"1 2" 1" 363", ", 3&"2" + " 42"
"83" 2, -$ 3"-+"1"2R 4""l 1+ %'R 1'6 "12!
41-1"%""1 3R || +/1- 6 $4, 3-' % -$ 3&" 3"23"2R
2" R 1'3"23,"2V &42R 3"*-+'1" 1" 36, + 9 &6'
/-3",3'*$-131"3' % %"al™Z" 22", &4+ 2V

;730%( ;065 05 B2(9@: ,:

" w38 338" 103 &L-+-2-4"'2 'L 4% 1+ x4
7'3&  *'2283"2'6 -*9% 2314 341" 3&, "4)-B9
&1-+-2-+"2V &" "4)19-3' &l-+-2-+" 2 * "1 |
&'%&*9 -1 1-41 [1-3"2V &% 3&"1" 1" +, 9
2+%1'3"2 ", 3&" 1" * 3-, /1- "22R 3&"2" 2314 341 *
Ion1t M2t t22'3 3N 24 I, 20 38N 1Y % 3,
/1- "22", 3&"2" 3F'$ $1+2V

1" * 3., &2 "7, "83L"+™9 T+a234r,
/1-) 19-3"2R /1'+ 19 "42" -$ 3&" 2+ ** 2'" -$ 3&" %" -+"
1% 4+"1-$61',32 6% *V- " #"# )&& 2 IVL
FEL N[ 2N 0 1 4% ] &L-+-2-+"R | **-$

GV 1™ 2R "3 *VR'B+"12" 1" 3'63-, 1"6"12"2 3'224" 1'0" "1 3", ',
%1 3"-+"1 2"al"> " 3+ "Rc 341'R JLO JHFGG QGFH MV



C $" %!

'3 %"32 1"/3" ', //1- 8'+3™9 JH +',43"2R 23 13',% $1-+

2',%*" -1'%', -$ 1*7 3-, ! /1- "I'% 1-4)! 3&"
&1-+-2-+" ', -3& I'l" 3-2Vv &2 +",2 3&3
/11- 8+ 3"9 GFFF ,4#31"2 1" II" 1 /"1 2" -IV &"

/1- "22 2 +4 & +-1" 1/1 3&, ', "4) 19-3"2V &" 3*"
o7 244+ 15'2 3&" 151" "2 37 /1-) 193 )
"4)19-3' 1"/* 3-2V

$6 -) .12 )- *&-4%/$ ) 0&-4 *I$ + 'S I$).

s 4 %8 4% | 0& -4 */ .
1% -$ 1% 3- o 4*3) *

Y o GFFF KF 3- GFF
3L 3 Ywgeop 4312
&L-+-2-+" . .

2314 341" 1441 "
] " 3/1"2" 3 1'2" 3

)&(3%U$% 3431&)+ 1 )& 3&+M

(2%,4

/- *9+"1 2" , +)" +23)'2 T7&* '%
4% -3'1"2V 31'32 3&" 9 /1--$1" 1'% "6'19 ,"7*9


http://openstaxcollege.org/l/DNA_replicatio2

$" %! C

mro2"v ,-11"3 2"2 1" 1"+61 11" * "1 9 3&"
-11"3 2"R ! 3&", /-*9+"1": 3'-, -,3,4"2] '%41" JVMVL
AV O-23 +'23)"2 1"-11"3" 141'% 1"/*" 3'- R *3&-4%&
7&",3&21-"2 -3 &II"R3&"($.(/ #-+$-+" &2+
2"+ *-9'WV 2+ 3 & 1" '1",:9+"2 1" -%,"" 3&" 71-,%*9
Yo-1/-13" 2t 1t 82" '3 $1-+ 3&" R 1'* % '3
7'3& 3&"-11"3 2" ]'%41" JVMWV , 9B ,-3&"1 39/" -$
1"/'1R0 ' */$ 33$.$*)-+3P$-R3&" -4 *231,'2
4,7-4,! 12"/ 13'R3&"'-11"3 2"2 1"1"+6' *-%
7'3& $7 2"2-,3&"Kz [!lz"!R ,|3&"2" 1" 1% "

9 -/9,% 3&" 3"#3" 7'3& 3&" &™/ -$ /- *9+"12"
1/%41" JVMVWV 4 *-31" "8'2'-, 1"/ '1 '2 [/13'4*1*9
'+/-13,3 ", -11"3'% 38+'," '+"12R 7&' & 1" /1'+ 1™9

42" 9 4*36'-*"3 *%&3V , 98& I'+"1R 37- 3&+',"
A4*-3m2 (¢ "33-" &-3&"1-,-"231,! 1" -6*",3*9
A" 13-" &-3&"113&"1 3&, 3&*H *+",319 2"2V
$ 3&" I'+"1 '2 -3 1"+6'1 I 1" 1M '3 7 ] 3-
+433-V 1'6'4*2 7'3& ? 72 ', 3&"1 ,4 *-3"1" "8'2'-,
1'/'1 %","2 2&-"831"+" 2",2'3'6'39 3- 24,*%&3 ,I't6
2), , "12"1*9'*§



s %!

&$41CNE 1, ,# &+$ 9
[,)9%11 2! TU , 11 211112 41&+$
1)& 3&+M +*&2* 3% U &1 TUK B!



$" %! C

&+11 39 | 21&2 ! 3 3 # 31
1N& 3 & +M%! *&2*3 % Il &1
/1,3&+2 131 336&2 2! + 1I*, 6!8&3
#*3 %! +17)9 29+36128: 2 31+ 9
+4 )1 21 B,A+M%! $/ &2 +,7 )
7836 %! 111 39/&1 2IM

4 ), R118 828+ T U&L2 69*&+!
&1 2M %!+18/,21 3,  KB9*&+12
)9&+$ ' 433! % P!l +#1*
P69*&+! &*112M + +,1%) 1))2K B9 1!
18&2!1 + 1) M

23 +23)"2 1"-11"3"Y '$ 3&"'9 1" ,-3R 3&"9 1"24*3
CO01/$%) ISt 2 M+ "3 & %", 3&"
204", "V 433-2 ' 1" 'l %""2 +9 *'| 3. 2"1-42
-,2"04", "2Fy "1V

(&6,10 7//$4;

P 1 * 329 .($0 *).-1 /$1 +"3&-!",
7&' &" &-$3&"37/ 1'3* 231,12 32
3"+/*3"§,"7 3-"2 93&"2:1V $3"1
1+ 3-R" & &2-"/ 1",3*-1b*lc231,R
J1-"14%&3"1 -1 b,"7¢c 231,V

P " * 3-,',"4)19 -3"223132 3 +4*3/1'%",2 -$
1"+ 3-R7&*" 1"+ 3'-,',/1- ) 19-3"2 23 132 $1-+
2',%*" -1'%', -$ 1/ 3'-V & ‘'2-/"" 1'7'3&
"19+"2R 1"24*3',% ', 3&1'%3'-, -$ 3&" 1"/* 3'-,
$1)V 1'+ 2" ®,3&"2""2 , /1'+"13-''3"'3"
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0,38'229 /- *9+"12'R7& &, !l

A3t S x93V 231,102

2,38"2"1 -,3',4-42*9" 3&" I'l" 3-, -$ 3&"

1% 3'-, $-1)Y 3&'2 '2%1 3&" *" I' 06 231 IV &"

-38"1 231 ,1'®B&"2:1, 1" 3, 7 9$1-+3&"

1% 3'-,$-1)R', 2&-13231"3 &"2-$ )7, 2

& 5&$1-"() 1.V &2231,1'2),7, 23&"

* 06%',% 231 IV ", 1"/* 3-,'2 -+ *"3IR 3&"

/1412 1" 1% "9 4 3172 138"

22" M3 *% 2"V

P & "12-$"4)19 -3 &1-+-2-+"2/-2" [1- *+R 2

[- *9+"1 22 4, *" 3-'83" 1 3&"+ 7'3&-43 +-$(- V
"' 2"R "9+ 7'3& L0, 4%3 3"+ *3'R

"83"1238""12 9 -/ 9% 3&" 3"+ *3"

"83" 1" 06 -" " | -$ 38" &1-+-2-+"V

J- *9+"1 2"  3&" "83"13&" 42'% 3&"/1'+"1V
,3&2 7R 3&"" 12 -$ 3&" &1-+-2-+"2 1"/1-3"V
) &6+ & ,2+2$1 1'% 7&",'3

"2 140" IR-1"11-12 1M+ 1M 1Y 3V
&'2"+" & 242" FA" +2+3 & 1" 13- 1"F "

4312383 1"/1" 7'3& ,-a -+ *'+"319
2" 1, 4% 31""g2. 1" IR 7& & 1"+6'2 22

3&3 1"!+ %124 & 238+, I'+"12V
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Glossary

|+ P! 1+:9%13 % 3 3)9:123%! ", &+&+$
JHO# 1$9143 23 %! !l ' I+ +
I+: 9*1 3 % 3 B+30!12&82 +! 7231+ , #
%431 93 31%)3 123+

I+ + 1+ 9%13 % 3 %!)/2 3,/ '+ 4/ 3 %!
%N&8 4&+$ 1 )& 3&,+ 9 1! (&+$ 0!
%91, $+ +2

I "+ 41&+$& 3&+ ,# 36! Bi 3Di
231+ K 6! B+ 3% 3&2N& 3! &+ 2%, B
M43 2 + 7 9#L*3 %! 1)& 3&+#(

I "+ 0! Bl+ 3 % 3 &0236!128:
,+3&+4,42)9 &3 Di 3Bi &1 3&,+ 36 3 &2
20+30128: &+ D! &1 R+ ,# 30! V)& 3 &,+ #1(

P +#1Y, # 1 1 &1 &+ T%&b
+AX D31 9+4), /12 11l $+&K
18 &21K + 1) | 7&3% ,11 3+4)!, & 12
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4.9 TRANSLATION
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5.1 THE GENOME
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5.2 THE CELL C/CLE

Learning Objectives

93%! I+ , #3682 28%,+K 9,4 7&)! )!3 ,J

| 121 &!3%! 3612 3312, # &+B/ % 2!
| &2 422 36! 1% 6&,41 # %F,2,*12 41 &+$
*&328&2 + %,7 3%! 93/) 2*&  ,+3!+3
&6& 12 418+$93 (&+1282
| ! ;+13%!04&12I+3 2/ % 2!
| 8/) &+ %7 3%! 6l &+31+) ,+31)
%! (/,&t3, 41 330!+ , # & 3 %!
AV 31+2&8&,+K + 41&+$ *13 /% 2!

& " 4 2, 1M1t 2"1M2 -$ "632 ',6-*6,% "+
%173& ! "*1'6'2'-, 3& 3/1-14 "2 37 "7 ! 4%&3"1 "**2V
"rx2 -, 3&" [ 3& 3-"**1'6'2'-, /1- "1 3&1-4%& 2"1M2 -$
/1" '2"9 3'+T 1 1"$4**9 1"%4F BB %"2 -$ WI&R



C % *

1'% 3-R 1162, 3&3/1-14 "37-%""3' *9'l" 3" *
D\ e QR @ D 37+ (-1/8 2°2Q 3B -+ #. )
3&($/* IS +#. ]'%41" KVHVGAV 41 %&2'R 3&™*
%I72R || 21" * 3"V 41'% 3&" +3-3' & 2'R 3&"

1 3" ! 93-/*2+ -3"32 1"2"/13"R |!

3&" "+ 1'6'1"2V

3 %3682 6&!, 4336 1) 9)J %! 1)
9)!


https://youtu.be/e6N9_RhD10Q?si=2bbgdVQj_S0Kv8Aa
https://youtu.be/e6N9_RhD10Q?si=2bbgdVQj_S0Kv8Aa

&$41DMI@® 1)) *, 612 3%MU$% 211812 # /% 212 &+ +
111)9*%++11 M 4B+$ &43 % 21K @ &36!12 1)) $1, 7 I
+ /1, A&+ D+INI128RB! | % 21 &+6612 1 )& 3&+
+ 3% U)& 3&+ ,#36 14312 1K + A&+6 )612
HID6I1 $17 Db + /1, A&+ D+DI284 %! &3 38, [% 2!

#)), 72 36! &43/ % 2IM &2&2 &¥B +4)! 1 86828+ &l+$
7%8&% 4N& 3  %F242 1 121$11$31 +

&BR 43 &+3 4$%3 11 +4 )I&M 24 )R B! 1) 7&)) &6& !
#31*83282 &+ /1122 )1 93 (&+128R &+ 7964 30!
93/)2* &2 &6& 'K + 37, 4$%3 11 1)2 1 #,1% M

0642+3$5(

41'% $)/ -+ #. R 3&™* 4,1"1%-"2 -1+ * [1- "22"2 7&™*"
*2- /1" 1'% $1 "™ r'e'2'-v ,9 '3"1,* " 83" *
-1'3-,2 +423 " +"3 $-1 "* 3- +6' $1-+ ',3"1/& 2" 3-



C % *

3&"+'3-3' /& 2"V &"3&123 %"2-$'3&R" 1" R R !
Y

/(:,

&" >123 23 %" -$ '\ R12" 2 **1 3&" o +#. -1 >123

%/ " 42" *33*" &, %" '2 62V -7"6"'1R 141',% 3&'c

23 %"R 3&*'2 04'3" 3'63 3&" '- &"+' **'G*FV &" "2
4+4* 3% 3&" 4*1'% *-)2 -$ &1-+-2-+* |

3&" 22-'3'/1-3" 2R 2 7** 2 4+4* 3% ",-4%& ","1%9

1"2"1@ 3- -+/ *"3"3&"32)-$1'/3% " & &1l-+-2-+"

', 3&" ,4 *"42V

/(:,

&1-4%&-43 '3"1& 2"R ,4*"'1 1"+'2 "' 2"+a
2" 1 &1-+ 3, ->%413-V ,3&"+#. ]DH,3&"2'2
/& 2""R 1" * 3'-, 1"24*32 ', 3&"1% 3'-, -$ 37-
"3 -["'2 -$ " & &1-+-2-+" 2'23"1
&1-+3'12_3&3 1" >1+*9 33 &" 3 3&" ",31-+"1"
1"%'-V 3 3&2 23%"R" & &1-+-2-+"'2 +1" -$ 323"1
&1-+3'12 12 14/ * 3" &1-+-2-+"V &" ",31-2-+"
2 14/* 3" 141'% 3&" /& 2"V &" 37 ",31-2-+"2 7™**
%6 12" 3- 3&($*/$ +$)' R 3&" /1342 3&3
-1 &"231 3"2 3&"6"+",3 -$ &1-+-2-+"2 141" % ($/*.$. V
& "31-2-+" -2232-$%$ [1-$ 1-la*)" )/-$". 3



% * C

1'%8&3 ,%*'2 3- " & -3&"1V ™3A-&™/ -1% 2" "
'6'2-V "31- *2 1" -3 /1"2"3 ', 3&""31-2-+"2 -$
+,9"4)193 2/""2R24 & 2/32 | +-23 $4,%'V

/(:,

, 3&" @t#. -12"-!%/ R 3&™* 1"+",'2&"2 '32 ","1%9
23-1"2 ! 8,3&"2""2 3&" /1-3",2 ,"22 19-$ &1-+-2-+"
+,'/4*3-V -+" 1% 2 1" 141 3"IR ! 3&"
93-2)"*"3-,'2 I'2+ ,3*1 3- /1- 6'1" 1"2-41"2 §l 3&" +'3-3'
2,V &"1"+ 9 " W3- x " 06T3& 141,% V &"
> * /1" 13'-,2 $1 3&" +'3-3' R 2" +423 " -+/ *"3!
"$-1" 3&" M2+ 3-"3"1 3&" >123 23 %" -$ +'3-2'2V

+(,6 16,& +$5(

- +)" 37 - 14%&3"1"*2R 3&,3",32 -$ 3&" ,4 *'42 ||
3&" 93-/*2+ +423 " I'6'1"IV &" +3-3° [&2" 2
+4*3'23" [1-"22 141" % 7&' & 3&" 14/ 3" &1-+-2-+"2
1" ¥*%, 'R 2"/1 3"R ! +- 6'13--//-2'3" /- *'2-$ 3&"**R
J3&", 3&" "2 1'6M"M \3- 37 - "7 '1"3 ¥ 14%&3"1

"2V &" >123 /-13-, -$ 3&" +'3-3& 2'R +'3-2'2R 2

-+/-2" 1 -$ >6' 23 %"2R 7&' &-+/ *2& ,4*"'11'6'2'-V
&" 2" -1/-13-, -$ 3&" +'3-3' /| &2"R**1 93)',"2'2R
'2 3&"&92' * 2"/1 3'-, -$ 3&" 93-/* 2+ -+/-,",32",3-

37- 1 4%&3"1"**2V



C % *
0:; 6:0:
'3-2'2 2 I'e'!"1 ' 3- 2"1"2 -$ /&2"2 /1-/ &2"R

/1-+"3/ &2"R +"3&2"R ,/&2"R ! 3"™-/&2"_3&3
1"24*3 ", 3&" 1'6'2'-, -$ 3&** ,4 *"42 1 '%41" KVHVH"NV

10:<(3 655,*;065



&$41DMA +&*) 1)) *&3282 &2 &6& ! &iB !
2B$12V/1J % 21K /T* 3/% 21K * 3/% 21K +/ % 2IK
+ 31),/ %21V6&24)& %11 9)&$%3 *§2L ,/ 9 7&%%
<4,112 1+ 1M &R&2 &2 424))9 */ +& 9 93 (&+128&R
2067+ %1 9 31+2*822& + 1)l 31+*& 1,2 ,/ IMT1&3
Y&$1*2 ZI* & 3 &+ ,#7,1( 9 1 &+ 4& &)L)P
1! &3 Y*&282 *& 181/ %ZJI* & 3 &+ #7,1( 9 ,9
6+ 112 I+P 11 &3 Y93 (&+1282 *&,B1/ 9ZI*, & 3 &+
HTA( 9 27 13 431K 33 U1 3H43, #
I )3%P +3 3,3%! &@&"1& 4+ 3 &+P2 )X 1
3#1* 3 3 422)U

9 (*;0*, <,:;;065:




C % *

+&+31 3X6D )I*1+3% 2 n+
E 18)41 # 1*3 %&2 62K,+ # 36! 383U ,4
+ 6&!7 &3 ,+)&+! %17
%3/2JQ*&31/P2 2M/4 Q
&,)39+ WI*&BPW4* + &,2&!+12QN/aC?AL%DB

B

967/(:,

41'% +-*+#. R 3&" b>1&3I'Rc 2'B* "6,32 +423 - 41
3- /1-6"1"  "22 3- 3&" &1-+-2-+"2 ', 3&" ,4*"'42V &"
A4* 1" 6™/ 23132 3- 1") ',3- 2+ '@ *"2R |1 3&"
- %00 /1342 0 ) * 2+ 1"3' 4*4+ $1 %+",3 !
'2/"12" 3- 3&" ["1'&"19 -$ 3&™*V &" ,4 *2*42 1'2 [[" 12V
&" ",31-2-+"2 "%, 3- +-6' 3- -/[-2'3" |- *"2 -$ 3&"**V
&" +' 1-344*'2 3& 31 3&" 2'2 -$ 3&" +'3-3' 2/',*"
"83",! "37 ", 3&" ",31-2-+"2R /42&',% 3&"43&"1 /13
2 3&" +'1-34 4*" >1"2 *"%3&"V &" 2'23"1 &1-+3'12
"%', 3- - +-1" 3'%&3*9 ! "-+" 6'2' *" 4"l *%&3
+ 1-2-/"V

964, ;(7/(,

41'% +-*(/+ #. R +,9/1-"22"2 3& 3'7" "%4, ',
1-/ &2" -3,4"3-16 , " 4*+' 3" 3&"$ -1+ 3",


https://rmit.pressbooks.pub/biologyandchemistryhumanbiosciences/?p=402#h5p-33
https://rmit.pressbooks.pub/biologyandchemistryhumanbiosciences/?p=402#h5p-33
https://rmit.pressbooks.pub/biologyandchemistryhumanbiosciences/?p=402#h5p-33

% * C

$ - 3., "37 "™ 3&" &1-+-2-+"2 | 93-2)"*'3-V
&" 1"+, 32 -$ 3&" 4*" 1" E%-[" 12 /[" 1V &" +'3-3'
I 342 3 1"GTR] 2 41" 4 1-34 4% 22"
1 231"3& 1-22 3&" *"%3& -$ 3B 4*1 1"V
&L-+-2-4"2 " At 41" LMY 1 1G24 %49 172 173"V
& 2'23"1 &1-+3'! 33 &2 3- 2/'I*" +1-34 4*"2 3 3&"
"31-+"1"6' [1-3", -+ *8 **138'&S$) [* #*- V

(71,

41% (/1+ #. R *-$ 3&" &1-+-2-+"2 1" *%,"
[* 38 ([+ #. +'[ R-138043-1'*[*'R
#17 9 "37™, 3&" 37 [ *2 -$ 3&"V &' 2231
&1-+ 312 1" 23**3%&3*9 3B-&"&-3&"1V 33&23+'R
38" &1-+-2-+"2 1"+ 8+ =9 - I" 2" IV

5(71(:,

41'% )+ #. R3&"2'23"1 &1-+3"2 3B&3-1 */* "
1" 2~3 /13 3 3&™,31-+"1"V & &1-+3'",- 7 *

&1-+-2-+"R '2 [4**1 1 [1*9 3-7 1! 3&" ",31-2-+" 3-
7&' & '32 +'1-344*" '2 33 &V &" "* " -+"2 6'2'*9
"*-% 31 2 3&" ,-,a)',"3- &1" +' 1-34 4*"2 2*1" %'23
" &-3&"1 33&"+"3& 2" *3"R 7&"1" 3&'@1* IV



C % *

,367/(:,

41'% | *+#. R * -$ 3&" B2 3& 3 2"3 4/ 3&" /3"

&1-+-2-+"2 $1 +3-22 141' % 3&" >123"3R&'2"2 1"
1"612V &" &1-+-2-+"2 1" & 3&" -//-2'3" [- *'2

"', 3- 1" 12" J4,1 6%V &' +3-3 2/ 1"
1-)", 1= 7, '3 4+--+"12 3& 3 7' " 42" 1 3- 22"+ *
93-2)""3-, -+/-"32 $ -1 " & 14%&3"1L "V 4% ]
"E["2 $14 1-4,1 &1-+-2-+"2V

@:6205,:0:

4/*&$) .$.'2 3&" 241/ 13 -$ 3&" +'3-3' & 2"'R 141'%
7& & "*1'6'2'-,'2 -+/ *"31 9 3&"&92' *2"/13-, -$
3&" 93-/*2+  -+/-"32 '3- 37 - 14%&3"1 "*2V
*3&-4%& 3&" 23 %"2 -$ +'3-2'2 1" 2:4"+128 "4) 193"2R
3&"/1-"22 -$93)',"2'2'2 04'3" I';"1",3 $1 "4) 19-3"2 7'3&
TR 24 & 2,8 "2V

, 224 & 2 ['+*"™*23&3* ) 7**2R93)',"2'2
"%',2 $**7'% 3&" -,2"3 -$ ,/&2"V -31 3*" 1'%

-+-2" 1 -$ 3, >*¥+"32 $1+2 (423 '\2'" 3&"*/2+
+'+1," 33&"$-1+"1+"3/&2" *3"V &" 3, >*+"32
[4** 3&" 04 3-1 -$ 3&™** "7 1IR €4+, % >2241"V &2
>2241"R -Lb)Rc '2 *"1 3&" ' 1" 10--*2V &" $417%-
mem2 2 3&" 3, 1'% -,31 32R ! "6,34 R 3&"
+'+1 ") Rt *E' Y 37 -]'%41" KVHVINV

) *,3 "2R 6% $41T-2 ,-3/-22' *' " 42" -$ 3&"



% * C

1961 " 792 2411-4,1'% 382 P+ +"+ 1"V "7 "

7 +423§+ "37", 38" | 4%&3" T2V 41'% '3"%2'R
38" -*9%' // 1342 4+4%3"2",:9+"2R 2314 341 * /1-3",2R
) 964 2" +- #1452 [1-1 3 1"),% 4/ ',3- 62 *2 )
12/"12'% 381-4%8&-43 3&" I'6T96V 41,% 3" 2'R
382" U W 2 46 -, + 1-344%2 3--%3 3 38"
+'3/&2" F3V &1'R 3&26"2 $42" $1-+ 3&,31"

37 11 38" " 7TH2Y 38’2 2314 34112 " +'/ V 2
+-1" 672 *"2 $42'R 38" F 3" "* 19%"2 4,3% '3 +"1%"2 T'3&
38" "+ T+ 3 38" ['1719 -$ 3&™V 19472 42" 3&”
9%6*42" 38 3 &2 4+4* 3" "37 "™, 3&" +"+1,"* 912

3- 4T e TR G ARV &N X0+ 12

T AT 3RN[*24 +MH 1., MRML 21 -$ 38117

7 *]'%41" KVHVINV



C % *

&$41DMIB +/13TH )1 6 $I #4117 #,1%2 3 3 %! #1*11
%1 3/0%20/)3 1&+ 36! +&*) DM%I/) 2% *1x1  +1 &2
17+&+ 9 1&+$# R+ 12 +31 R+$'43 &+2& 98!
ARl +IM %! ) 6 $1#4117 I/ 142 4+38)B! 1)2 1
1 &+%! &+3 , M +/BTUK )$& 62&)12 )12 | 33%!
H1M1* 3/%21/)3 1&+ [)+3 1)M%! 628)!12 #2! +
#1*3 %! 1))/)3IM %! 1))/)31$1,724%3 %! 1+3!1
371 3% D)7 )N2M 17 )7 )2 U* 1# 1*3 %!
612&)! ,+31+32M



+$5(

-3 % me 18M1" 3- 38" *22"a0*" [ 33'L, 7, 78’ &
T S+ 1 4%&S"L " 4" I 39 312 ' 3"1& 2'R
*2™Q §*7" 9 38" +3-3 R 2"V "2, 38"+,

1" -3 36™9/1"1,% 3- 161"V &" "*'2", 0$. )/

I, 36" 23 %"Ro%6 B'3T3&" "+ 9V —+" "2 "3 ¢

3"+/-11%9 4,3* , "83"1,* 2%, * 31'%%"12 3&" -2 -$

3&"1 "*23&3,"6-111"9 I'61'R 24 & 2 + 341V

#4241 M6 2R 1M+, R M1+ [",3%0 ] '%41"

KVHVJIAV



C % *

&$41DMIG 1)2363 1+ 3 3R6I/1!/ 1 &+$3&6& !
14311 + )311+ 31/ %20 )l 2 M +2% 212 KB&2 &2
39 119 +&3&+4+3) BB$IL 3, 1+311 @M +H!1
212 KB! 1) 78))F &+ &+ 2/ 11* +1+3 )M

65 ;9636 ;/, ,33 @ *3,

&" *",%3& -$ 3&"* 9*" '2 &'%&*A6 *'R "6 7'3&', 3&"
"2 2%, 614 -1% ,'2+V |, &4+ 2R 3&" $M4", 9 -$
"k 3416'1 1,%"2 $1-+ "B &-412 ', "1*9 "+ 19/
"6"*-/[+",33-, 6'1%"-$373->6'! 924 "/'3&"*" * "**2
-13-,"31" &4+, ¥$"3'+" 2/"3", F 92/ "2
24 & 2-13'* ["41-2 -1 1" +42*" "2V &"1"'2 *2-
61'3-, ' 3&" 3'+"3&3 ™*2/M12' " &/ &2" -$ 3&"



% * C

"k QY &' $23al'6',% + ++ X "R 1" 0
4*341" 1-432"1" 3&" -19 4,I"1 -/3'+ * %17, % -,!'3'-,2"R
3&" 9*" *" 063& '2 //18'+ 3"9 HJI &-412V , 1 /19 I'6'",%
&4+, "2 7'3& HJa&-4F* 9*'R 3&" /& 2" *232
I11- 8'+ 39 GG &-412V &" 3'+',% “VBH', 3&" "** 9*"
2 -,31-**1 9+"&,2+23&3 1" -3&',3"1,* ,I"83"1,*
3- 3&""**V

(*7.% 6,10 $6 0640$.
+(&21,0 65

4%8&3"1 "**2 +423 "8 3 14/ * 3"2 -$ 3&" 1",3 "*V
'23)'2 ', 3&" 14/ * 3'-, -1 I'231'43-, -$ 3&"
&1-+-2-+"2 *" 1 3- 443 3'-,2 3&3 +9 "/ 22% 3- "6"19
STt [1-14 M $1-+ 3&" -1+ "MV - [1"6",3
-+/1-+2" 1 " $1-+-3",4"% 3- '6'""R 3&"1" 1"',3"1, *
-,31-* +" & ,'2+2 3&3 -/"13" 3 3&1*% ", 4!

# &+*$). 3 7&' & 3&""™* 9* | " 23-/" | 4,3%
-I'3-,2 1"$ 641 *V &"2" &)/-,32 - 41 "1 3&"
"1-$ R 33&"Hy 31,23-,R ,!141'% +"3/ &2"
] '%41" KVHVKAV



C % *

&$41DMID %! 1) 9 )1&2 ,+31))! 33 %1 %! (/ , &+2AV
%! &4$183,# 36! &2 221221 33 %! @ %! (/ , &M
1,11 %E2* 4)& 3 &+&2 221221 33! A

%! (/ , &+B1%! 33 %*+3, #! % (&3 %,13, 2/ &+)!
11182 221221 33%! %! (/ , &+BI

/, [,*27605 ;
& o &")-,3 I"3"1+,"2 7&"3&"1 ** -I3-2 1
$641 * $1 " I'62-, 3- /1- "IV &' g &")-3
*Q- %1 3g" 1"231' 3", /-, 3R '2 3&" /-',3 3 7&' & 3&*
'"11"B12'*9 -++'32 3- 3&" "*al'6'2-, /1- "22V , I'3", 3-
" 043" 1"2"18 || "+ 20"R 3&"1" 2 )&1 !+ %" 3-
38" %"+  33&" G&')-3V  "*3&31-"2 -3
+13 ek 3EMAALH 32 7 -3 1M 2 3-3&" [ & 2"V



% * C

/, [,*27605

& n &3 12 3&" "319 3- 3&" +3-3% 2" '$
"13', -I'3-2 1" -3 +"3V 2, 3&" G &")-,3R "
2t 1 [1-3", 1"2"16"2 1" 22"2% - 7"6'1R 3&" +-23
'+/-13 3 1-*" -$ 3&" 4 &")/-,3 '2 3- ", 241" 3& 3 ** -$
38" &1-+-2-+"2 &6' "', 1"/* 3" |3& 3 3&" 1"K 3"

2, 31+%" IV

[, 1,*27605 :

& & )-3- 412 ,"13&""!-$3&" +'3& 2" 23 %"
$ +3-22V &' &"),3'2 *2-),- 7, 2 3&" 2/'1*
&')-3 " 42" '3 1"3U14"2 'S+ 38" 2'23"1 &1-+ 312
1" -11"3*9 33 &"3- 3&" 2/ +' 1-344*"2V "42"
38" 2'M 3-, -$ 3&" 2'23"1 &1-+ 312 141'% &2"'2 ,
11°612'* 23'R 3&"9* 7 .3 /1- "1 4,3* 3&"
),"3-&1"2 -$ " & /'l -$ 223"1 &1-+312 1" >1+*9
L &1" 13- 2/ > 1"2 1'2'% $1-+ -//-2'3" /- *'2 -$ 3&"
Sy



C % *

Conceptin Action

3%7%3, 412 33! K K +
%! (/ , &+3 9 6&2&BPL%*& &&+HI REM
+&* 3 &,+M

4 $&6,& 7(56,105

+&+31 36D )I*1+3% 2 n+
@ 18)41 # 1*3 %&2 62K,+ # 36! 383U ,4
+6&!7 &3 ,+)&+! %IT
%3/2JQ*&31/P2 2M/4 Q
+  96!* %4*+ &2&1+12 ?AL %D,

E

(&6,10 7//$4;

P & ™x9* 2 -11"1*9 204", "-$"6,32V
P "*2- 3&"/3&3-"*1'6'2"-, /1- " 3&1-4%& 2"1"2
-$/1"'2™9 3'+1 1 1"$4**0 1"%A4F BB %"2V


https://media.hhmi.org/biointeractive/click/cellcycle/?_ga=2.198047532.225804613.1546808178-1471355355.1522416214
https://media.hhmi.org/biointeractive/click/cellcycle/?_ga=2.198047532.225804613.1546808178-1471355355.1522416214
https://rmit.pressbooks.pub/biologyandchemistryhumanbiosciences/?p=402#h5p-36
https://rmit.pressbooks.pub/biologyandchemistryhumanbiosciences/?p=402#h5p-36
https://rmit.pressbooks.pub/biologyandchemistryhumanbiosciences/?p=402#h5p-36

% * Cc

P ,"4)19-3"2R 3&** 9*" -2'232-$ *- 0%
1" 13-19 /1=l **1'3"1/ & 2"V 3" 2" 2
61" 1'3- R R, w/&2"2V

P '3-22 -2'232-$ ¥®3 %"2Q /&L2"R /1-+"3 & 2'R
+'3/ &2'R , /& 2'R || 3"-1& 2"V '3-2'2 '2 424 **9

19 93),"2'2R 141',% 7&' & 3&"
93-/* 2+ -+/-"32 -$ 3&" | 4%&3"1"*2 1"
29131"3&"1 9, 3,19%],+* "H2A-19 "k
[*3"§l+ 3=, ) *,3 "2nV

P &23"-$3&™* 9* 2 +-'3-1" 9'3"] *
-,31-%2 ¥ g" )/ 32V &"1" 1" 3&I"+ (-1
&")-,32",3&" " 9*Q-""13&""1-$ R
21 33&" 4 31,2'3-R ,!3&"3&1!141'%
+3/ & 2"V

-+/



C |

5.3 MEIOSIS

Learning Objectives

93%! I+ , #3682 28%,+K 9,4 7&)! )!3 ,J

| 121 &!3%! 1% 6&,41 # %F,2,*12
418+$ *1&,282

| 121 &! 1))4) 116+32 418&+$ *1&,2&2

| 8/) &+ 36! &A1+ 12 137 11+ 18,282 +
83282

"84 * 1"/1-14 3'-, 1"04'1"2! -/$'$. /I$*) R 4., -$ 37-
"2 $1-+ 37,1'6'14* -1% ,'2+2V $ 3&-2" 37 "2 " &
-3 5" 2"3 -$ &1-+-2-+"2R 3&", 3&" 1"24*3' %=
.32 37-2"32 -$ &1-+-2-+"2V &" 4+"1 -$ 2"32 -$
&1-+-2-+"2 ', KT RR 132 [F1Q KGR [ R R
-3, -,"2"3-% &1-+-2-+"2V "2 -3''0% 37 - 2"32 -$
&1-+-2-+"2 1" 11 *'V $3&" 1"/1-14 3'6 9*" '2 3-



! C

-,34"R 3&" I'[*-'l "** +423 2-+"&F 14 "'32 4+ "1 -$
&1-+-2-+" 2"32 "$1" $13*'23'-, ,- 41 %' R-13&"1"
7ot 23414 * %' 3&" 4+ "1 -$ &1-+-2-+"
2"32"',"619 %""13-V R, 13- 3-$"13*"23- R&A*
1"/1-14 3'-, ', *41"2  4*' 1 1'6'2-R),- 7, 2 +"-2'2R
3&314 "23&" ,4+"1-$ &1-+-2-+"2"32V
23 +*2 V[ *32 1" I'[*R -3"",% 37 - 2"32

-$ &1-+-2-+"2Y ", " & X(/I$ " 13&" ,-,1"1-14 36"
x2 -$ +4*%3%*4* 1 -1% ,'2+"R 3&" 4 *"43'2 37 -
-"2-$" & &1-+-2-+"3& 3 1" 1"$11''3- 2 &-+- *-%-42
&1-+-2-+"2V -+3" "2 1" 2-+"3'+"2 T'H!I' 3- 2
b-19¢c "*2V -+-*0-42 &1-+-2-+"2 1" +3 &'/ '12
-3',% %","2$13&"2+"31'32","",3"** 32 *- 0
3&"1 *" %3&V * -1%,2+2 '&"1'3 - -/9 -$ " &
&-+- *-%-42 &1-+-2-+"$1-+" & /1",3Y ** 3-%"3&"1R 3&"9
1" 211" $4** 2"3 -$ &1-+-2-+"2V , '+ *2R &4!
*2 -3, % 2'%*" -/9 -$ " & &+-*%-42
&1-+-2-+" 1" $-4,! -*9 7'3&', % +"3"2V +"3"2 $42"
7'3& ,-3&"1 & -1 % +"3" 3-/1-14 ™ I'[ *-'1 "™xy

&" 4*11'6'2-,3& 3$-1+2 & /*-'l "*2R 7&' & '2*"
+"-2'2R '2 1"™*133- +'3-2'2V 294 & 6" *"1,"IR +'3-2'2 2
/13 -$ "™ 1"/1-143'-, 9* 3&3 1"24*32 ', "3
14%&3"1 4*" 3&3 1" *2- %","39 '"3'" * 3- 3&"
-1'%', * /1",3 ,4 *"42V |, +'3-2'2R -3& 3&1'73 ,! 3&"
14%&3"1 4*" -3"' 3&" 2+" 4+"1 -$ &1-+-2-+"
2"32 I'[*'l $-1 +-23 ¥ ,32 || '+*2V  "-2'2 "+/*-92
+,9 -$ 3&" 2+" +'&,2+2 2 +'3-2'2V -7"6'1R 3&"



C !

2313,% ,4*'42 '2 92 I'*'IR ! 3&" ,4 *" 3& 3 1"24*3
33&""!I-$ +"-3 "™*162- 1" &/*IV - &"6"
3&" 14 3-, ', &1-+-2-+" 4+"1R+"-22 -2'232-%-"
1-4,!-$ &1-+-2-+"14/ * 3-, 137 -1-4,12-$ 4*1
I'6'2'-V " 42" 3&" "6§32 3& 3 -41 141''% " & -$ 3&"
I'6'2'-, 23 %"2 1" , *-%-42 3- 3&™, & -$ +'3-2'2R 3&" 2 +"
23 %" ,+"2 1" 22'%y - 7"6'1R "42" 3&"1" 1" 37
1-4,12 -$1'6'2'-,R 3&" 23 %"2 1" !"2'%,73B& bc-1b Vc
&42R( $*.$. '2 3&" >123 1-4,! -$ +"-3' I'6'2"-, !
-,2'232 -$ /1-R2" R/1-+"3&2" R ! 2--V ™22
14 "2 3&" 4+ "1 -$ &1-+-2-+"2"32 $1-+ 3B--,"V &"
%""3" "\$1+3'-,'2 *2-+'8"1141'% 3&'21'6'2'-, 3- 1" 3"
4,'04" 1" -+',,3 &1-+-2-+"2V $$ R’ 7& & 3&"
2"-11-4!-$ +"-3 1'6'2-,3)2/ *"' 7 93&3"2
2'+*1 3-+3-22R ", *41"2 /14 2" R/1-+"3/&2" R |!
2--V

3 % %0&2 6& !, ,431&,2&2

0642+3$5(

m_2|2 |2 /1||||!||! 9 , |’3u1/&2n _,2|23|’% _$ 3&udQ R
! H/&2"2R 7&' & 1" " 1*9 '".3* 3- 3&" & 2"2
/1" "1 % +3-22V &" G/ &2"'2 3&" >1287" -$',3"1K 2"


https://youtu.be/kQu6Yfrr6j0?si=J6K1KJjnCAD5YlYl

! C

J'28-42" -, " pT3&V , 3&" & 2"'R 3&"  -$ 3&"
&1-+-2-+"2 '2 1"+ 3"V ', *9R ', 3&" K/ & 2"R 3&™*
4,1"1%-"2 3&" >, */1"/1 3'-,2 $1 +"-2'2V

41'% 4/ * 3-,-$3&" /&2'R" & &1-+-2-+"
t-+"2 42" ) -$ 37- 13 ¢ /M2 ] e 2231
&1-+ 312" 3& 3 1" &1 3-%"3&"1 3'F-+"1" 4,3 3&"9
1" /41 [ 13 141'% +™-2'2 V , , +* "R 3&"
",31-2-+"2 3& 3 -1%,'2" 3&" 1-34 4*"2 -$ 3&" +"-3'
2/ *¥2- 1" * 3"V &2 /1"/1"2 3&™** §l 3&" >123 +"-3'
1&2"V

(,15,5

967/(,

1%9 *, 1/ & 2" R 3&" &1-+-2-+"2, " 2" " * 1*Q
+ 12+ Y 2 3&" A1 EE %2 3- 1")
- 7,R 3&"/1-3",2 22-' 3'7'3& &-+- *-%-42 &1-+-2-+"2
1'% 3&" /1 *2" 3-" & -3&"1V &" 3'%&%' M -$ 3&"
&t- *-06-42 &1-+-2-+"2'2% 4)+$.V , B, [22R 3&"
%" "2 -, 3&" &1-+312 -$ 3&" &-#-%-42 &l-+-2-+"2
1" /1"'2"™9 *%! 7'3& " & -3&"1V , '8& %" -$
&L-+-2-+" 2'06+"32 "37, -a223"1 &-+-*-%-42
&L-+312- 412 12 *1 *x $)"* 1-V &2/1-"22 2
1"6 *"1 6'24*9 $3"1 3@& %" 2 #$.(/ 12.%4*1i
"o A]1'%41" KVIVGAV



Cc !

2 /1-/ &2" [1-%1"22"2R 3&" *-2" 22-'3-, "37
&+ *-06-42 &1-+-2-+"2 "%'2 3- 1") I-7,R ! 3&"
&1-+-2-+"2  -3'4" 3- -I"2'R *3&-4%& 3&"
&t *-06-42 &1-+-2-+"2 1"+', 33 &!13-" & -3&"1 3
&2+3V &' 4+"1-$ & 2+3 6 1"2 7'3& 3&" 22
138"+ 063& -$ 3&" &1-+-2-+"V 33&""!-$/1&2" R
38" '12 1" &"1 3-%"3&"1 -*9 3 & 2+ 3 ]'%41" KVIVG" !
1" & [)- 2 " 42" 3&"-91223"1 &1-+312-$" &
[ "1 -$ &+-*%-42 &1-+-2-+"2 1" 7 62 *V

&" 1-226'1"6,32 1"3&" >123 2!4$ %""3' @' 3",
[1-14 "1 9 +m22V 2%+ 1-226'1 "6,3 "37",
&+ *9%-42 -a223"1 &1-+312 *12 3- M- *
"8& %" -$ '04'6*"3 37 43U
&l-+-2-+" | | 3'1,* &L-+-2-+"V - 7R 7&", 3&3
2'23"1 &1-+3'1'2 461 ',3- % +"3"R '3 7** 119 2-+"

$1-+-"/  1"3-$3&"1614* 12-+"  $1-+
3&" -38&"1 13V &"- *( $)) / 223"1 &1-+31 &2
3 $+3", % 1/ 3"1,*%""23&3 ' -3823
"$-1" 3&" 1-226'1V



&$41DB® +98&2 &PAR&,+ # Bo! 1#t 2, # 122&+$ 611K

! )4l %F2* *# 1*3 %! &+ &6& 4QH3%!K +

Il %E2F 1E 1*3 %! &+ &6& 42V, IH!M
122,61, 412 '3F N+ ++X2&AB1 %F3 &2 #

%,*), $,42 %F2*2 M%! 124)3&2 +8 % +$!, #

S+ X *311&) 1F 1+ %,*), $42 %F2*2 M®%!



Cc !

%F2*23 %3%6 *&8 341, #*311+) + /3 I1+)
2104+ 12 10 1 x &+ +K + ! %E,2,*12
631 4 )9/311+),1*3 11+) 11 ))!

+,+X1 * &+ +3/

964, ;(7/(,

&" )9 "6"3 " /1-+"3/ &2" '2 3&" 33 &+",3 -$ 3&"
2/ % >"1 + 1-34 4*"2 3- 3&")","3- &1" /1-3",2 3 3&"
",31-+"1"2V &" +'1-34 4*"'2 22"+ $1-+ ",31-2-+"2

3 -/-2'3" [- *"2 -$ 3&"** %T-3-7 1! 3&" +'11*" -$ 3&"
"y 3 3&" -6 /1-+"3/&2" RM & /- 2 33 &

3- + 1-344*2 $1-+ -3& [*"2R 7'3& -," &-+%-%-42
&1-+-2-+" 33 &"! 3-"/- * [13&"-3&"1 &-++*-%-42
&1-+-2-+" 33 &"! 3- 3&" -3&"1 £V &" &-+-*-%-42
&1-+-2-+"2 1" 23"** &1 3-%"3&"1 3 &'2+3V , II'S-R
3&" 4*1+"+1,"&2 1- )", - 7,",31"™9V

(71,

41'% +'3/ &2" R 3&" &+9%-42 &l-+-2-+"2 1"
11 ,%!", 3&" "31" -$ 3&™**R 7'3& 3&" )","3- &1"2%
23" - *2V &' -1"33-, -$ " & '] -$ &-+-*-%-42
&1-+-2-+"2 33&"" 31" -$ 3&™*'2 1 I-+V

&2 1 ,-+"22R **1 113 22-13+" 3R '2 3&"
/892" * 22§l 38" %","1 3", -$ 3&" 21 $ -1+ -$ %","3"
61'3-, ' -2/1'%V -21"1 3&3 3&" &-+- *-%-42



! C

&1-+-2-+"2 -$  2'84%Q 1"1-14'% -1% 2+ 1"
1'%, +*9 ' &"1'3"2 37- 2"/ 13" 2"32R -" $1-+ " &1" 3V
2% &4+ 2 2 " 8+ *R -"2"3 -$ HI &1-+-2-+"2 '2
/1"2" 3", 3&" "%% -, 3" 9 3&" +-3&"1V &'38"1/16'"2
38" -38"12"3 -$ HI &1-+-2-+"2", 38" 2/"1+ 38 BR"2 3&"
"0606V |, +"3R/2" R 3&"2"12 *" 4/ 3 3&" +17 9 /-3
"37", 3&" 37 /- *'2 -$ &V "42" 3&"1" 2,04 *
&, "3&3 +1-344% >1" 7" 431 +3"1,**Q
“1/3"1, %9 ' &"1'F" &1-+-2-+'R 3&" 11 ,%"+"3 -$ 3&"
3"3112 3 3&" +"2" [*3" 2 1 4V |, 9 +3"1, %9
"&"1'3N &1-+-2-+" + 9 $ " 3&"L /*"V ,9 /3", **9
'&'1'3 &L-+-2-4" + 9 *2- " M3&"L [*V &
1" 33-,-$" &3"31 121" 1" 3 -$ 38" -1" 3 3", -$
3&"-3&"1 HH 3"31 12V

U & "R 3834,"1%-"2 +"-2'2R 3&" 11 ,%"+",3 -$ 3&"
3'3112 2 1"1",3V &" 4+ "1 -$ 61' 3.2 I"/"12 -, 3&"
A+ -$ &1-+-2-+"2 +).% 4/ 2"3V &'1" 1" 37-
[-22'%3"2 §1 -1" 3 3-, ]1$-1" & 3"31 Y 3&42R 3&"1:22"
A+ -$ 96 +"32 "04+2 (P78"1"( 2 3&" 4+ "1 -$
&1-+-2-+"2 ['1 2"3V 4+ 2 & 6' HI &1-+-2-+"/ '12R
78 & 1"24*32 " 61 "%&3 +++-, ih /22" w32V &2
A+"11"2 30 %41 38" 6 1 39 /1"6'-42+9 1" 31 ',
38" 2'23"1 &1-+3129 1-226'1V '6, 3&"2" 37
+" & '242R '3 '2 &'%&*Q 4,%)*Q 3@BE &/ *1 "2
1"24%3' % $1-+ +"-2'2 7*6R3&" 2 +" %" "3' -+/-2'3",
]'%41" KVIVHNY

- 24++ 1'2'R 3&" %""3-,2" 04", "2 -$ +"-2'2 Q 3&"



c !

+3"1,* 1/ 3"1,* %""2 1" 1%+ 1 9 1-226'1

"6',32- 411'% -, " & &+-*-%-42/1'141'% /1-/1& 2" Y
o 3- R 3&" 1,1+ 22-13+",3 -$ 33112 3 +"3/& 2"

/1-14 "2 4/'04" -+'3- -$ +3"1,* !/ 3"1,*

&1-+-2-+"23& 3 7** + )" 3&"1 M ',3- 3&" % +"3"2V

&$41DMA , *+2 31311+ *K&+ ! 1+ 143
22,1343 3* 3/%2! K +2&!1 1) 78&3% +aM +B&2
21K 3%!1 1137,/ 22&)! 11+$*1+3 2 33461104 3,1&)
)+ &+* 3/%2! K 22%7+&+ 3614/ 11 1)), #! %
[4+DM %2137,/ 22&)! 1&1+3 &, +2)! 3, 3%!

1, 4 B+ #$I+1R))9 &#LI+3$* I2M &% *,1!
%EF2,42 KBl +4% 11,#/,22&)! 11+$141+3 2
&+1212 1 %3 & )M



5(71(;,

, 1 &2" R3&" 2/'\1*" > 1"2 [4** 3&" )&1-+-2-+"2

/ 13V &"2'23"1 &1-+ 312 1"+"', 3'%&3*9 -4,! 3-%"3&"1 3
3&"",31-+"1"V 3'2 3&" &' 2+," 3'-23&3 1" 1),

Yol &2 23&">1"2 33 1&3- 3&" $427',"3- &-1"2

14%* 3&" &-+*-%-42 &1-+-2-+"2 [13V

,367/(:,

, 3"/ &2" R 3&" /31 &1-+-2-+"2 11'6" 3 -//-2'3"
- *"2V &" 1"+ 1"l -$ 3&" 39/* 3"*-/& 2" "6,32 + 9 -1
+ 9 ,-3- 411" 1% -, 3&" 2" "2V , 2-+" -1% ,'2+2R
3&" &I-+-2-4"2 I"-I"2"R 1 4% 1" 62 $1+
1-4,1 3&" &1-+ 312", 3"/ & 2" V

@:6205,:0:

93-),"2'2R 3&" &2'* 2"/13-, -$ 3&" 93-/* 2+
-+/-,",32 ',3- 37 - 14%&3"1 "*2R 412 T7'3&-43 3&"
1"$1+ 3'-, -$ 3&" 4*" ' -3&"1 -1% ,'2+2V , " 1*Q **
2/""2R 93),"2'2 2"/ 13"2 3&""™* -,3".32 9 "3&"l

* 69%" 41T, ,'+*2 12-+"$4,%"R-1 "*F3"3&3
7% 4*3'+ 39 *' | 3- 3&1$ 3'-, -$ " 72 3& 3 21/3"

3&" 37!14%&3"1"™*2 |, [¥,32"V 3" & /[*"R 3&"1" '2 (423
S-S & 'L -8 &+-*-%-42 &1-+-2-+"2R 2-



Cc !

-9 - " $4%* 2"3 - &1-+-2-+"2 '2 /1"2",3V &'2 '2973&"

"2 1L 211t N & *-13&M1" "2 - %9 - &D-+-2-+"
2"3R"63&-4%& 3&"1" 1" "/ 3" -/"2 -$ 3&" 2"3R 42"

" & &-+- *-0 23"%2'232 -$ 372'23"1 &1-+3'12 3&3 1"
23** 33 &'3- " & -3&"1V -7"6'lR *3&-4%& 3&" 2'23"1
&1-+312 7"1" -, " 14/ * 3"2 -$ 3&" 2 +" &1-+-2-+"R
3&"9 1" ,-*-,%"1'1",3' * 33&'2 23 %" 42" -$ 1-226'12V

Conceptin Action

16&Y7 3%! /1, 122, #*1&,2&K , 2!116&+$ %,
%F,2,*12 )&$+ + *&$1 316& Y 122&+$

611 &+ 1&2&2J 4&) &+$ +8& &O6!PE&B&+
# #2/1&+3V

(,15,5

, +"-2'2 R3&"-," 3"2723"1 &1-+3"121"+"', %", 3&"
& [*-"T "R G-+ +M-2'2 T " 23 3-8+ $41 & [*-]
"2V, 2-+" 2[™2R "2 "3"1 1"$ '3"R2'R -1
$) -&$) . $.R3&3* )2 , &2" "$1"",3"1 % +"-22 V
&1-+-2-+"2 1" ,-314/ * 3"141'%',3"1)',"2'2V &" 37
"2 [1-14710 +-2'2 %- 3&1-4%& 3&",32 -$ +"-2'2


https://youtu.be/oBKbK9uvfuk?si=eNT1bXZ4xGZAXnn4
https://youtu.be/oBKbK9uvfuk?si=eNT1bXZ4xGZAXnn4
https://youtu.be/oBKbK9uvfuk?si=eNT1bXZ4xGZAXnn4
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'29, &1-, HV 6'1 R +"-2'2 1"2"#'2 38" +'3-3' 1'6'2",
“$ & [*1 Ry

967/(:,

, 11-/ &2" R '$ 3&" &1-+-2-+"2 1" EIM2" 1
3"*-/&2" R 3&"9,I"2" %'V $ 4* 1" 6*/[2 1"
$1+"IR 3&"9 $1 %+".3 '3-"26*2V &" ",31-2-+"2
14/ * 3" 141'% ',3"1),"2'2 +-6' 7 9 $1-+ " & -3&"1
3-7 11 -/[-2'3" |- *"2R I ["7 2/'\*"2 1" $1+" IV

964, ;(7/(,

, 11-+"3/ &2" R 3&" ,4*'1 G*/'2 1" -+/ *"3"9
1) - 7,R I 3&" 2/, 2 $4**9-$+"IV & 2'23"1
&1-+ 3" $-1+2 , ' I'6'14* )'"3- &1" 3& 3 33 &"2 3-
+' 1-34 4*"2 $1-+ -/[-2'3" [-*"2V

(71,

, "3/ &2" R 3&" 2'23"1 &1-+312 1" +8+*9
M2t 10" 1 33&" 31" -$ 3&THV



C |

5(7/(;,

, 1 &2" R 3&" 2'23"1 &1-+312 1" ¥44*"13 9 3&"
2/\*">1"2 '+- 6'3-7 11-//-2'3"[- *"2V

&$41DBB +/1* 3/% 2! K*&1,344)12 33 % 33%!
#2! (&+!'3 %,12, #%,*,), $,42 %F2*2 M +

+/ %2 K®!%,*), $42 %F2*21 121 3IM +
1*1 3/%2! K*&1,344)!12 33 % 3&+ &6& 4)

(&+13 %,12 , #2821 %F3 &M + +/% 2! K%B! 2821
%F3 &2 12//1 3IM

,367/(:,

, 3"/ &2" R3&" &1-+-2-+"2 11'@ -//-2'3" [- *'2 ]



! C

"%', 3- I" -1"2"V 4*' 1" 6*/['2 $1+ 1-4,! 3&"
&1-+-2-+"2V

@:6205,:0:

93-),"2'2 2"/ 1 3"2 3&" 37"+2 " 3- §11 %" "3' **9 4,'04"
&[*'1 "2V 33&72 /3R 3&" 4+ 3&" ,"7T*9 /14
s 1" 38 &4l 1 & 6'-%9-" -/ 9 -$ 3&" 2',%*"
2'3-$ &1-+-2-+"2V &2 [1-14"1 1" %" "3' **9 4,'04"

" 42" -$ 3&" 1)+ 22-13+"3 -$ /3"1,* | +3"1,*
&-+-*-062 1 " 42" -$3&" 1%+, 3, -$ +3"1, % |

/3", % 2"0%+"32 -$ &1-+-2-+"2 7'3& 3&"1 2"32 -$
%","2_3& 3 - 412 141',%1-226'1V

1/2%$4,0* (,15,5 $0'
,6 15,5

'3-22 | +"-22R 7&' & 1" -3& $1+2 -$ I'6'2", -$ 3&"
A*42 0 "4)19-3' "R 28 1" 2-+" 24 1'3"2 43 *2-
"8&''3 123", 3 I "1", "2 3&3 *'| 3- 3&"116 15"1"3
43472V 132122 2'%*" 4% 1 1'6'2'-, 3& 3 1"24*32 ',
37- 4 *"R 424 %9 13'3-"1 ' 3- 37- "7 "WV &" 4 *"
1"24*3' % $1-+ +3-3' '6'2-, 1" %" "3%9 " 3' *3- 3&"
10, ¥V &"9 &' 3&" 2 +" 4+ "1 -$ 232 -$ &1-+-2-+"2Q
U B8N 2" -$ &[T M2 1370, 38" 2" -$ 1+
w9\ | 38" -3&"L & IR +"-2'2 '2 37 *" 1 1'6'2- 2 3& 3



C !

1"24*3 ' -81 4 *"R 424%913'3-" ' 3- $-41 "7 "2V
&" A 1"24%3' 0% $1-+ +7-22 1" "B %""3'**9
"3 *R 13&"9-3", " &l-+-2-+"2"3 -*9 3&2 2
& *$ 3&" 4+ "1 -$ 3&" -1'%', **R 7& & 2 I' *-'IV

&' 15 M1t 20 38" -43+'2 -$ +M-22 || +'3-22
S 41 42" -$ 1ht1M U2 0, 3&" "&6-41 -$ 3&"
&1-+-2-+"2 141'% " & /1- "22V -23 -$ 3&"2" 11", "2
' 3&" [1- "22"2 <41, +"-2'2 R7& & '2 'A9!;"1",3
A% 1162 3&, +3-22V , +"-22 R 3&" &+-%-42
&l-+-2-+" [ '"12 " -+" 22-'3"1 7'3& " & -3&"1R 1"
-4 3-%"3&"1R8I"L", " &'2+3 | 1-226'1 "37",
223"1 &1-+312R | ¥ " 4] * % 3&" +"3& 2" [+ 3" ",
3'3112 7'3& 2/ >1"2 $1-+ -/-23" 2/ 1% [-*2
33 &13-" &),"3-&1"-$ &+ *%', 3"31IV **-$
38"2""§32 - 41-*9", +"-22 R "6'1", +'3-2'2V

b K004 81-+-2-+"2 +6 3 /-2'3" [- *"2 141" %
+"-22 R 2- 38" 4+"1 -$ 2"32 -$ &L-+-2-+"2 ', " &
A4*'42a3-a" '2 ¥ "l $1-+ 37- 3- -"V -1 3&2 1"2-R
+122 2 1"1r3- 2 - 0/$%) $I$HV &'1"2 -
24 & MM 3" [ *1QFE*" +3-22V

"2 244 & +-1" |, *%-42 3- +3-3' I'6'2-V |

3&'2 2"R 14K 3" &1-+-2-+"2]- %9 - " 2"3 -$ 3&"+N ¥ "
4] 33&"" 31" -$ 3&™** 7'3& I'6'1" )'"3- &-1"2 33 &"!
3- 2/ > 12 $1-+ -//-2'3" [- *2V 41'% ,/&2" R 2
L +3-3 ] &2'R 3&"),"3-&1"2 I'6'1"R ! -" 2'23"1
&1-+3'1'2 /45" 3- " [ *R 13&"-38&"12'23"1 &1-+ 3
'2 14%*1 3- 38" -3&"1 'V $'3"T" -3 $1 3&" B 3& 3



! C

3&"1" &! ™, 1-226'12R 3&"-3T1-1432 -$ " & +"-2'2

r'e'2'-, 7 -4* """ 3 * 2 +3-22Y 23" R 3&"9 1"
ro"1"3 " 42" 3&"1" &2 *B2 ™, 3*" 23 -" 1-226'1
"l &1-+-2-+"V  M-22 2 -3 1143, 1'6'2-,
" 42'R *3&-4%& 3&"1"T7I'1$-/"2 -$ 3&" %",-+" 1, 3&"
1"24*3',%**2R 3&"1" '2 23"** -" 2"3 -$ &1-+-2-+"2R 2 3&"1"
7233&""!-$+m-22V

"2 [1-14 M1 9 +'3-2'2 7 $4, 3, I "1",3 /132
-$3&" -19 2 /13-$%13& -1 1% % "1 -1 1+ %" |
"2V &"9 49 "6, "', 6*6!", 2" 84* 1"/1-143'-, ",
2-+" -1% ,'2+2V "*2 [1-14"1 9 +"-2'2 ', I *la
-+, ,3-1%,2+24& 2 , +*7**-* [ 13"/ 3"",
2'84 *1"/1-14 3'-V



&$41DBG 18,282 + *&3,2&2 1 /1 11 9 4
14+ , # 1 )& 3&+P 98,1 6I1K *1&,282 &4 12 37 ,
+4 )l 1 &6&2&,NP%! #41 4$%3!1 1))2 124)R8+$ H*
18,282 1 %]/), & + $I+ R )9 &B+M %! 4$%31
)2 124)R+$ #* *&3 282 1 &), & + & 1+3& ) 33%!
/1143 )M



Conceptin Action

A+ +&*3 &+ /1 &+$*&28&2 + *1&,2&2K

6&2&37 1))2 ! 28M 1&,2&2

4 $&6,& 7(56,105

@ +&+31 36D )I*1+3% 2 n+
18)41 # 1*3 %&2 62K,+ # 36! 383U ,4

+6&!7 &3 ,+)&+! %IT

%3/2JQ*&31/P2 2M/4 Q
+  96!* %4*+ &2&!+12 L %D,

(&6,10 7//$4;

P "84*1"/1-14 3'-,1"04'1"2 3& 3 "1 -1% ,'2+2
[1-14 " & [*-'T "2 3& 3 $42" 141",% 93" 3'-, 3-
$1+ I *"1-2/1',%V

P &"/1- "22 3& 31"24*32 "*& [ "*2 2% +™M-2'2V


https://www.pbs.org/wgbh/nova/baby/divi_text.html
https://rmit.pressbooks.pub/biologyandchemistryhumanbiosciences/?p=423#h5p-37
https://rmit.pressbooks.pub/biologyandchemistryhumanbiosciences/?p=423#h5p-37
https://rmit.pressbooks.pub/biologyandchemistryhumanbiosciences/?p=423#h5p-37

Cc !

p ™22'2 2"1"2-$"823&3 11 ,%" ,!2"1 3"
&1-+-2-+"2',3- 1 4%&3"1 "**2V 41',% 3&" ', 3&L2"
-$+"-22R" & &1-+-2-+"'214/* 3"V , +"-2'2R
3&"1" 1" 371-4,12-$ ,4*" 11'6'2'-, 1"24*3",% ', $41
A 1424 %59 $-41 & [*-'1 1 4%&3"1"™*2R " & 7'3&
& *$ 3&" 4+ "1 -$ &1-+-2-+"2 2 3&"1",3 "**V
41'% +"-2'2R 4' 3'-, ', 3&" ! 4%&3"1 ,4 *" 2
131-14 "Lt 42" -$ 1-226'1°,/1-/ & 2" ]
1,1+ *¥%,+"3 3+"3/ &2"V

P & ™23&3 1"/1-141 9+™-2'2 1" %","3'**9
4,'04"V

p ™22 ,1+'3-222&1"2'+*1'3"2 43&!'23', 3
-43 -+"2V '3-3' 1'6'2'-,2 1" 2",%*" ,4*" 1 1'6'2'-,2
3&3/1-14"14%&3"1 ,4 *" 3& 3 1" %","89
"3 * 1& 6'3&"2+" 4+"1-$ &1-+-2-+"2"32
2 3&" -1'%', ***Vv "-3' I'6'2'-,2 1"37-,4*"1
'6'2"-,2 3& 3/1-14 " $41 ! 4%&3"1 ,4 *" 3& 3 1"
%","3' *9I'"1"3 1& 6'-" &1-+-2-+"2"313&"1
3&,3&"372"32 3&"1",3 "* &IV &" +,
r,oran, "2 "37, 3&"/1- "22"2 -41°, 3&" >123
I'6'2'-, -$ +"-2'2V &" &-+- *-%-42 &1-+-2-+"2
2"/13"",3-1; "1",3,4*" 141'% +"-2'2 R 42'%
114 3'-, -$/ *-'19 *"6™*V &"2",11'6'2"-, -$ +"-2'2
2+4 & +-1"2'+* 13- +'3-3' I'6'2'-V
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5.4 ERRORS IN MEIOSIS

Learning Objectives

93%! I+ , #3682 28%,+K 9,4 7&)) )!3 ,J

| 8/) &+ %7 +,+ &2'4+ R,+)' 23, &2,1112
&+ %F,2,* +4* 11

| 121 &'%,7!11,12 &+%},2,*12 314341
, 41 20U$% &+B2&,+2 + 31+2), 3 &,+2

,&"1'31 1'2-11"12 , 12" 7&", &1-+-2-+"2 "& G
-1+ %9 141'% +"-2'2V &1-+-2-+" 1'2-11"12 | "
re'!" 13- 37- 3"%-1"2Q ,-1+*3"M2 ' &l1-+-2-+"
A+ &1-+-2-+" 2314 341 * 1" 11 ,%"+",32V " 42"
"6, 2+ ** 2"%+" 32 -$ &1-+-2-+"2 ,2/ ,+, 9 %""2R
&1-+-2-+* 1'2-11"12 1" &1 3"1'23"**9 11+3" !
-$3", $3*V



C 3$3!$ !

514'(45,0 +4 1/151/(
71%(4

&"'2-*3-, I+ 1-2-" -2"16 3-, -$ &1-+-2-+"2
$1+ 3&" 22 -$93-%","3'2 ,!'2 3&" /1'+ 19 +"3&-! 9
7& & *'',2 "3 3 &1-+-2-+* -1+*3M2
&4+ 2V &-4*/4+ '2 3&" 4+"1 ! /"1, " -$
&1-+-2-+"2R ', *4!' % 3&™1 *",%3&R,% / 33"1,R !
"31-+"1" /-2'3-V - -3 6"7 -$ , I'6'M4* e2
) 19-39/"R 93*-%'23&/3-%1 & 3&" &1-+-2-+"2 ! 3&",
43 1/ 23" " & &1-+-2-+"'3- &13 -1&-4*'-(
]'%41" KVIVGHV

&$41DIBID %&219, $1* 2%, 72 36! %F2%12,  #
H5 )] 064 + &F+4+] ) 41&+$*&2&M TIR3] + 1! 2
): 11K B )U

5, ;0%0:;: :;, 9@ 6.9(4.; 6
+,5 ;0-@ /9646:64(3
),99 (;065:

&")19-39/"'2 +"3&-! 97& & 31'32 &1 3"1™"9
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&l-+-2-+% 1+%3"2 US| $1+ 2 06*
/- 2"16" 1614 e2) 1BO/'R ["12-,e2"+2 )"
7&3" Kool RN 1M 512393 $1-+ K-l 24 * -1
-38"13224"V | 3&"* -1 RBR" 231 "2 1" 23'+4*13"
3- "%, 369 I'6T,%V &'+ *'2 38", //*" 3- 3&"
"D 3- 1123 +3-2'2 141',% 482V &" "2 1" 3&", 4B
3- 2%V

&" %""3' 23 38", 23",2 &1-+-2-+"2 T'3& " -$ 2"B*
19"2 3- "33"1 6'24 2" 3&" 1'23', 3 | 1"/1-14*" I' %
/3312 -§ " & &L-+-2-+" ['IV -*7'% 23' %R
&1-+-2-+"2 1" 67" 42'% 1'%&3a>"*! $-2-/ % ,

"g/M1™, Ul 93-%""3''23,'"3'$9" & IV , 13-,
3- 38" 1%/ 33'1,2R &L-+-2-+"2 1" $413&"1 " B>"
-, 38" 2'2-$ 2% I "31-4"1"* 3-V --3' 3&"

*22' 1"'3'-, -$ 3&" ) 19-39/" ', 7&' & &-+- *-%-42 [12
-$ &1-+-2-+"2 1" *¥% ', 4+"1"  * -11"1 $1-+ *-,%"23
3- 2&-13"23R 3&" %","3''23 -3'2 1'%'3* '+ %"R '",3'>"2
" & &1-+-2-+"R '+ ,4*9 11 %"2 3&" &1-+-2-+"2
'3-3&2/33"1L,V
3 '32 +-23 2'R 3&" )1%l+ +9 1"6* %","3'

-1+ *3M2 7&' & L6114 ¥ & 2 3-- +, 9-13--%
&1-+-2-+"2 ["1 "*V &/ *'2 -$ 3&'2 1" 7, 29,!1-+"R
7&' & '2'"1"3>" 9 3&1!-/9 -$ &1-+-2-+" HGR !
41,"1 29,'1-+"R 7&' & '2 &1 3"1:' 9 3&"/1"2"" -$
-*9-" &1-+-2-+"'7  -+",'23"1-$37 -V ","3''232

, *2-'1"3'$9 *19%" I'"'*"3'-2 -1 '2"13-2-$ V -1
'23, "R -2",2911-+"R7& &', 6*62!'23',36%"'*



C $3'$ !

$341"2 27+ 2 &"13 1 *"I'06 I"$" 32R '2 '1",3'$" 9
3l L &1-+-2-4+" GGV ', %O R 3&" ) 189/" |
I3 [-)) % [$%). R 7& & -41 7&", 2"%+"3 -$

%" "3 +3"1'* 1")2 $1-+ -," &L-+-2-+" 1 1"33 &"2
3- -3&"1 &1-+-2-+"-13- I7 "1"3/13 -$ 3&" 2 +"
&L-+-2-+"V 1 2% 3-2 1"'+/ * 31’ "13', , "12R
VRN % &1+ 906" -42 *'4)"+V

9-2"16'% )19%1 +R %""3''232 34 **9 6'24 *2"
3&" &l-+-2-+* +[-2'3- -$ ,'I'614*3-  ->1+-1
/1M 3%" "3 -1+ %372 -i2/1'% "6 ", "$ -1" '13&V

65+0:1<5*%,065: <730*( ;065:
(5+ ,3, ;065:

$ 38" &L-+-2-+* I2-11"I2R -1+*3"2
&1-+-2-+" A+"1 1" 3&" +-23 "2%9 'I"3'> *' $1-+
) 19-%1 +V '2-11"12 -$ &1-+-2-+" 4+"1 ', *4l" 3&"
14/ * 3=, -1 %22 -$ " 31" &1-+-2-+"2R 2'F 2 & %"2
38" A+ -$ -+ *'3" 2"32 -$ &L-+-2-+"2V &"9 1"
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5.5 PROKARYOTIC CELL
DIVISION

Learning Objectives
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5.6 GENETICS AND
MENDELOS
EXPERIMENTS

Learning Objectives
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