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In pure water, the concentration of hydroxide and hydronium

at the same ratio from the ionization reaction of water.

tw }

I I\

v
must-be-equal,

N 1\ oW

(&2

~7

\ Tl

|

ETR
(T v

—_
T 1o

C[ ,r n(

N

I

\
(Y

CVWVAITER/ID

—

N

P!

L —4 — 4 A I =4

ization o
THE CONC

|2

1€

vV Ji1rrijaann .

How <

ne seli-i




(9}

At
v

~J

\ANAYIRERAACARANEE |

ncolinter when workin

—

Vo UiTuuvurituil

)

D A

K0

(Y

\u\/ |

o

bare \w

—

L

ION

—

O W

1 |IBACIRRISAV] RS

H.nu

»('U\

OTA

—

' | ——|

C.an

==p==

1|

\
|

VEerv. .S

ilO't

N

nth th

N

IR

\JI\IIILII\JVU]UII

~

ater.

A

ase 1V

Ine 11
I\.Ilr.lu U

ases, al

rMnmutaaltTviIt

lu

-"n" nntatin

acids,

- based on lo




rooristalit

(7))
3 &
Ts >
! (@)
7
O =
- e
* D = o
o 5.2
~ o
~ W C
. = R D c
O IS ” il
— o ( | ow
<C ® i =
c L : =
L > I 2 n »
.llp ...nm 2 QG N Ad _”_
£ N J fam ANl O
S 0 . S~
i L ) g = 0
B 5 i) 5 4
= C 5
e \l—l =) )
e
m ] rnH\ o
J
= R A=
.Q.Iv { a -~ "nU| [®)
= » o 2
o 2 N £ |5
— - ==
n r “ ” |
) N/ Q) & o
mc Kz nn\HJ &
..\IJ. .nd (ds) -TM
Q =19
o
=
(@]
o
.
N
1




4

o))

SIC)

(

AL

IC

L

I

ALKALINE

NE!

ACI

ALK

'\) N

OM

OW

L INITY

|"=SRiD B IN B |

Tiutrl <

(U

|
| =

r 1)
BN

(L

pH

I LITDA
U T[RA

/

o~
"4

(w+3':ly40

LS

{
=AY

P\ So

ACIDITY AND

[lhe solution is considere

-7

—

H. The solution is considere

H. The solution is considere

POH.

ACIDIC

2 %0

H <

~alAa

7, pl

oLdicC...

C

s

~

- Atlp

- At pH <7,

_AtpH > 7, pH >

H




. ()
1) —
— ®
= n =0
\U S </
- (@) 5
o — ] w
C - m =~ —
e £ : : !
= = = S
= S = =
Micu L N ml, B
.m O) m )
c 2 >
o & © O : =
) £ 1) = ) n
l/ iR ) (vE
~\ n - O J
= ~ o 2 X O > —
=) . O
- w ( m Q 0O N.
< Hw. © W S 5 c \
e = v = @® .u) ~
1] N g r s > £ 9 2
g R %9 ® 5 - ¢
= - ¢ < 52 0 = f
-~ - X == o) & 1, \
fM c L m © ) c I 5
— = m |2 C mv — mm >
< =2 QX O =
Ll Pax ) — L,
T © c & & - A=
| — O (®)) o
S © o c ®
— > ) 3 )
. 0 C = = + >
(! - = D w© © ) —~
> () o) m_lu =% -+ n \
“ .“.Wu © .le L 5 O -
5 | » Z = ._ﬁ @ !
Q o £ T = Q o) -
T2 & Bo S h
oF e £ 7 k.
S o OO0 % 5 K
~ S < ) & ~
- o M_._." ®)] ® —
S X
" — - hv 0 AJ
= = - ©
o o= = 7))
N O <




L T
> ) &
o 2 :
O 25 S
> o @ S
= o @ | o
- 5 O] 1
SARREE-: o8 5
Q”v ) e - .d |} ﬁ
il %) c 9O = o
L o= = = R > D o
5 nm g .)v D | O
> m = ~ 3 ©
1 ®© S A 0
O == £ 0 =2 B < =
X =2 b @ 5
L £ = . = . 5
_\I.. 5 o Q - +v O
O Am N g 2 . =
LI N{® L MU\ . L 5
N|® D IR L © | —
| o|c Q9 o = EHES
Ml T|T © = g T . = | o
- IuWJ W < x ﬁ.._ 5 = 5
= S > 0 L+ m LN O
C +— D G = — P 3 p
) ° 4N ) i
) D |2 > o =
7 S Ic >, ._ QS L) N
c |c ol { 9 -
) = |O = m an .y\ = : = .,
%) S [ N S 4 O ] s
N‘ A—U Mm (e .n% MU =+ . f{\\ I dl
- n.’ S = = -
H © < 96 = - RS, T
r O 5 u= (@ — , . ,
L N =~ = ..
— 5 O ) = § 2
C ‘5. © c e 2 =2 o I *
el — e
= © O ) ﬁa g
= I= o c M== = C )
ﬂln. Iﬁl n Fl ] q — .IV [
= r_” “T m ot ( \
-T- - C = ] A 2 L
- 0 = N .n!u ) ” ]
o Febs % = 2 3 7
L N y= C o N R s
o O = - g
= O = ( ™ o0
- =) e — S
= C — c o
— = l“ l &
% ®© - =S
5 o =
23 58
= 0O = [*= y
O o) o v
5 O > <
» o ° A
5 O 0= . 0
£ = S5
" o O +=
= o9 g
=0 c 3=
=S = O
=g Ys5c
1 O o Jumm




t 'E.r./'
. 9y Ay F\

/
(V)
) 3
A}
=
1 C
() N < -
fl-v —_— o
TN
- i U O ! —
.\WI - Y S S ¢ \
(@) N ~l — \ O
/.”u ) wv N A.l. y . J
< ¢ h ) N ~ ~ N IMI‘-
VA U AN\ L hL ~ -~ —
flv rl& rlU ﬂ 4 A
T o / .
< ) \ -
N 7 Jll [ _ -— IP o /”\.
D /H N . ) |
.\ -4 ﬁ c\ — '
~ , -+ JENN ] \
—_—— - .M\! P {V .\—.\\- B l—..\ ”.ﬂ
N\ < C — . O
D) &
~ / |l R W
- &
\ P
~ e
& WY
- —
[
(‘
<
)
f,




<
1
bt O
= = &
mu rk - —
= ] N “
£ 24 &
> () S =<
L H © ” X il
((h] () — o~
-+ " ® -
C o c . ol | P T
: - 2 O .
£ o o D o ~
-+ O 0) c —
= o O < S i ——
[0) N < — - >
% < \¢ D~ 5
. o O O cl| <= | ¢ -
i O = 1] ©) S 3
© N =t - -
= c c = = = . )
S A L5 S
= o 9% = S @)
ot
—4 w3 S v
5 ¥ o5 20
M Z (an N n )
s g
7} o ) —
- O FL O<
S s <m =W Jaan
0 . = &~
L .% = S c o
y c 20 go R
C ”N o - nla Nv\
A\~ 4 V) MI —-I |”W-W C m
m o £ =0 W |
_ © OO0 = © <!
- o—
P C a v C =
1 N - o O ol )
< =N = o
58 85 & S <
- = Py = O © o D
- | (-
4 20 S0 o . .
~ - I~ = C n -
=9 > 8 O i
p O —— —
P~ > - 7p) N
J e i v U
w o == o Y- 4lIRA
1 o 55 © o T 15 c2
_ a Do w U L =
; w o O e -
o Q45 T2 5 = R
= 50 5 ® O
AU n —_— |.-\ PR -—;l'-
o 8 Tg B
B o O W c
IH. J : o :




=
O
-
_ = n | © as o
= = 0 = H.
(- = w— 135 — —
S S S5
= = 0O (® =
fl..v Qw Vn m % -}
== - =3
. @ m © c H
5 o8N 5 g
© 0 = =
N 9 3o N
o = tn m O C
S oGS 5 9
) o> O = Q
_ 55§ £
= o | F
-— Wm O @ C
[ \}Y |
S » 0= o | £ .
= < C = U = I
.% ,_ — p 0
pre= - — C N ( )
1 WL < _ / :
- >, 9 >
N e
A c o
Q D : .m. > L —
= ~— < o - ol
- o~ w-.u = g —— q
C v & Fo) v [T =
c A |« s oY ¥ -
N . + - 1% —
m. [ o | ) A S
b 0 Q IR =~
I _ O _ v\ r
I.. “u ﬁr-l\ 1 .— W L &)’
= C o~ = )
|n|u_ © .\;4!- O @ ﬁb I
= = LT [ =t .
o) \ o) —1
oa /), < o a \ —
ee/ =+ o Q£ 1 2
j “ \\V 11 Y -\IU 4
m. -.” / \ -—\ n” ﬂ\ n -—
I - e <<% ( =
2 TI D S
A“ = - v = .“.l_ .mm
N B 5 = C Aw O|N O
= © © .2 U S S 6
D < O 09 0
o (T
(@) Y (. ..m
L O ..0v Y=
e O




At
v

r

sesolution with

acid . colutio
CAVITUA T OOVITALTviIi

J

tron

a

(@)

than the!p

than/the pH of a stro

o~

I

OLYTES

TW__N

L =1 AN IR A1) Ll\.lrl m\J L Iuaivi

GHE

CT

e LO

L

wil

will b

ITA VYV iITT v

bas

WEAK

UUT T

ak ael

CATN

entrati

f wes

n_of w
LELEA A | \A 4

0

A= 4 I N

lution

Treatd

r

of weak acids or bases, the UNDISSOCIATED form'is present in significantly

coluti

ina

; ~) Ya¥Yay mo +V' +:l"\

>

tratio

LA

rrnrial GUINICCT I

[«
\

f

O

f

(o)

A )

=

A= )

mo-mn

O

0O

- In solution

hia

- The

L1

ne|sa

- The

o
uic oadljic




T ~
523
N -= 35
r = LY
O % O =
— O c -+
0N o= 0D O ~
ay 4 [
5 90 ) = >
© 2 X - 2 Pl
> © O r < [,
\ S @ _s |
=T =
et Y, r .4 \J
I m. n.r. r iy U P
3 .m“ o 3 —
) 2 o N) T
- — O \ )
I n' WW e 3
. Z c = ,
UIPSQ) ~ A
. © A
D ( ©
= c O o/ ~ 3
N J S ¢ ST 3
D) L\lU a ) n.”. Qo QOu y -
A s ~ ~) 1 |Ml..|_ VAJ — \ fl\ WV ~ [~
N . Q r ) I = .m — ~| 7T 7N =
e P - o | £ = J 1 S
E 1\ r hb - -".-'w .K ' \
< ,\_ 1L -5 3
O~ 2 5, < =4
c O 2 . ) T o T
b 0 T O =~
O | < |7 = 9 O P ¢
c LJ - - = - =
O = .o = — 2 -~
ﬂ\\u 3 ~ o b 7N\ ~
w \,Z A a 20 ® 2 e \Y =
(72 r“V _W -— a » m 4 ot r ]
> o < [ (18] —J ()
/J\\ O N -5 o~ LL — J |\ \
— L AM m = _Mn > ) cC
— Dr nr ) -m Al — ~ d-a
S o @ c@3 g 3| Tl 3 P
© —— = 0s £ — |2 | \u .
8 w o35 T = - | LJ
d et n.lu ﬁU C \Ilu ’ /\ =~
B X A IPEl T+
< S R 8
S =
O




S
L T
= v )
| —_—
C \) ) p
= Jlely
= V| -
oI R —
d I d
O R 9 O
mu .\b _ ”u
- + —— t
© [ D o
=D >4
N ™M
O T w Y
| B2 )
VD S {\~.
Vo) c \ (
2 | uvw Vo= ~ ’ 2
] N ) K » [
o~ I 1, O o — | o
Q / \ D q - — D b
i E Q = c ™ >
~ (« L -/\. [N} ~ ~
.JU. - (e _ 7 v O =
— all’e 7= O ’ ‘v °
\J — ® [
[ _
A ~ — U ! > 7~
\ < v =
] | — \ _ A VP
— un
. -
l AN\
P \ Vv




will bel

MU ATt vIT (VWiITTT VYU

C
-
O
i
o)
()]
L
(@)
@)
(@
K] >S5
. @)
C
: )
(S=5
S -
£ < T
—_ 1 o
hid e} Nas
-—
= o
o 3 d
. 2
(@D) = —
o o =
o = ——
Q ) 5
u = \ fl PR
a (@) MM
o T O
MM o <
- < e o
T @
o g 8§
© A (o) b
m ®© S 7
O ~ famr Q.v
) > (0p)] -
1




a

bo %

-
-

—walln
sy (1 V[V

v

-

W OH

v -

\(\!\"W'\

g

N

~

«—

\

oc

N/

AN

\ 0

) |-

—

e—

D

—~ Y

C
19

~

D

A

/\

N/

M« \r \\lf\l"

¢

r J ‘_) ‘Xl

A
44

—.C
SRR

PN

r:vf Nlr"')

\"4

~

- 100

A

?

o~

N\ 7

a. (D
L_ \ "4

o

\
AR

Y. ) \""

\"4

I

Hia\

2
-

hatlis the pl

AV} l(ﬂi

V - Ol"n\n.‘

Consideran 0.100 M solution of the/weak base ammonia

—




J
J\
4
S )
(- (9]
\l |r
7/
Y 2
N
A )
\
1)
~ ¥
— )
“\ P‘
— v
o
® —
XL
<
D
= S
mw (V) .
@ - ol |9
=) ~ <« —
“ rd \U ||/||‘ ~ .q ]
\ D N ~ ~ | —
\ e = 2 s
- - e
) (D) — t
i) I )
- N\ \ ) - —
X b ~ LD o S|
o 7~ il IR <K >
O | " > iy
< ] ;
) z) 5_; - —
UV h q IM. N
w “ o\
(O] n b=
[99) Vs 7 —
-
2| i %
® ial
< (e (
’ A c?
(&3] ~ .
m _— )




I
p
D
\ 4
mwu ®
o —
[ [ -
3 S
zo]
& O
) a
Kol ] )
- x =
o) ) -
+ ) g
o) : S =
73] nY - ..m
= . AR NS @
o 2 : i
(@) D) o () . —
4I- /(A - !\u mll\, ]
o N < ~ [ @
c { - - o =
..n Y s e m < ( ) >
o T e Y X S
L L S5 =S
Q| - = ~ =
— 9 ) < —
-0 ﬂ/ < g Vi
2 <A o
== 14 h
I_.l -
AN 5
D) ~—
= o
a1 Q
2 ®
) c
@)




c
S
o = )
= S w | S
® a C O
v n_ru m S U
— ) .w. \/
= S5 3
..n,l.._ O n ) ¥ =5
. 7 s O |
~ > N~ ‘| T e . ™
L - v) O D
» Pl -/
O ) P~ VS
2] — O L -
® = (] —_ (o ~
o _] = = =
o O o o O
© ) Ile! — o >
cC c - o
\|
o T S e ¢ £
S > o 2 =
na u.nlﬂn e + ‘N ﬁl L
w o 2 £ m, D
e e T R y
< o s O <« I
N o e © < o
L 5 o~ T X , (
e & > mw <C <C
Rl m O Q = < —
. »% g £ =
c = s = o o
W U YWY - | - (A |
£ © OCg g = = N O
S B o B g 3 ~ )
- n. o .mw 0 m m .{ L y C
MM Cv .d d Id a) PY.Y | t’-V
3 o= 5% 2 2 S
- v)y = = Q) v —_— =
xr Q [o]ie) ¢ ® © )
p— — S o — L) 1
£ 09 c o
n =e 3® @©
|mM & O (@) ) D
S o8 25 7
o o o c C
2 c dv o D g%
Am -"“ 7p] o < \
O ne =29 0
1 1 ®) | O [




Q O
- += = |2
— O O 0O+
> © /M . ol=0 8
() e ”_ lm.u O ..,m W O s
[} Y— =] = 05 9
o = « L 9w |-g
= o o n_ru ~ rOn b W
7 1 © + = © T2 ®o
Q =0 L S n OS5 O >
= O = = 2 5 =%
= | O = o T oL O ©®
K% £|c i O n =<5 Y
®] + < c GO c ¥ .
._.rlm_ = .wm < E= o = =R
7 I e I S c O 2 ®l@s
Q 2 ) T = O 7~ = (&)
C Folis) o ©
— H s © o N
F\M Pt _ [ (e \\I ——
A A)\"4 e a R — X
- T
N N S O z S
= \ N Qo e o) N
= . TE k2 S
3 5 (O 0 o =
LL 3= L O s 9 7l
O '? - - H“ a T- MMI H’-
= e — . O =1 3
— — L o = \
< = uJ = O
U ‘ -3 f — 1 O a —
1N RN = o I
7)) 2 o
™\ T o flL © .-W
= 3= — H \K.l
X—\l == |V g o
% LJ ,n
£ 1., .Inu ~
S ) _Q Q
7 LA 2
<] =




o =
(4v] » (4]
) IR =
y (e .J n\d w.
) 9O o >
O s o | =
Q. N M ) m
- c = - S w
—
9 o2 S, Slg
7 a c =
9 < = © M
© == @ =
S 33 S =
7 ! (&) T .C
© \ o o=
- — ) —
LU “w \ © =0
) 0 N ]
< o + c = S
c QO = oY
X | = ) O =
<< |\ — O o
LLI —= 'e)
= 2 p >0
” - ! =" =
TN, C N || ==
o b N n S
. / 7 2,0
T ¥ - 0,
- Pd 4
< ST, ] c
\ <P lvl.- .#\ N —— nv
T iy ﬂ&.._u .m =
~ |2 O |5
T |y ) O Zlo
=2 N/ .m Q
a1 i / Plg L
- s IR Ki!
B 4+ \ ! A
Dl + > 2 o o0
T — ] 3 3
= N d s D
2 0O € ) ©
®)
&)
0

Find the
acidl o

——

AariAiala




e

U0
N1 Fo
S .\.w l.Nv 0 =
N 'Y S. [
.~ Da
O T=(
gl b m ')
— - T le= O
Yl
N 0
o S [
= + 1
I8 ®
= =i
(~ - e _Il
\ A 7 -
S T DA =Y  ow
W J .. "= MN
Loy 2 Plgeo
It (S ~Hr| \m. O ® O
S < o w0
Y 9 Falm
e d NS
IS < D 3\ 1
— N ~ =
S > D
.H” “ .[ hl r QI\V
1 — lnr- A
? yi . yl
Q) PR, 4
= + < o D mw
< |+ - ~ ) —T
— | = I
( RN i Y
o
- S ¥ -
: o = | 1Y
9 r' - [\ p
. D )
\\l-_l. 7 J o
J _L n.m. J L
YY) - .Y 1° RV
) og— — L
» - & = — ¥
— — ™ ) iy
> < g
5 =
) D
N\
./

(O




3
(@) o
g = p =
Y S —_ B) C—
o ~ ~ L u m -a
rl . )I .m f u_
S 1 - W
W 0 - y < 1
SHR ~ T~ ol T
ﬂ >~ |V LT .
H AU — VA- - ) ‘l . N
S y —~J D) V. o m 4 N s
< | 2 7 XS ¢
ﬁ \Jv [4 l” . - i
4= IL. MI. (
N \ I
oD _ !
C o =
} . L\
‘ - N R _H 2
- ! L
S ] D _
J/“\U 4 = & S r\\-o
— D - 3 <
2 A = N D) 5! . o
== =E = &9 S
4 L + (9] - |Ir _.v
=< 3 ~
— d
-~ 2| = (e
O = [/l LW
S ]
A of +bl| \
-1 ? (NG \\ /\\ VA/ = ~l\
, r N VP. Mr .W
1 2 =
+ J J ! g
)
== - O
- A 3
IV \\
O Qo =
= 4 ﬂ D o iy
- et S
[y A.\
2
IR ! §
[ >l
o D —~ ¥
— 3 7 \\
> - 2 <
g




|94

&

L' N
~ -
SO T
D
\
t =] T { =l
»
i D - _
L) —_—
i 5 O Do
) | 3 T T
~ y m Al NS— o \“./\ D
¢ e
- D Oz :
_L e ) -1 i
/ s g—
b \\ d )] : ..ﬂ i
\ . . _
T e > [
Q / o1 = =
S \\ - . et \ 7 .\../u
= 2 S, T <
: - g
I N3y
ap— ’-U — ,\
b /N 7T I°P < 2 -
el N , i
o O = P
o < J S
3 - , ,
SR ] SRR
) N
-~ _{\w (w \.w ‘
./v ‘H-.. - T m
P4 / A : T >
L N\D = b4 1
)
3 ==
T :
- ),

D)
VEVIL'E 4 %




N~

7
-+
~
~
Q) o
° < !
] X . '
_ € _ — V =~
D -1 ' J N Z
- " — )
7 W A o —~— VA.. L
= = " 4 N 2 0 !
— ““ > — b ~ 2 ﬂ
¥ i
— Q S —+ Q I
, S 3 > )
[ ] — m
U ) T el x
ﬂ A f.— — . J a— *‘
_ o (. Lc ™ N9
D_ ‘ A X ~ > )| i A ~ W
AR q| . ] (\Wlg) Ve N
—~ 1 m T .
v |y S
L \ \ S o)
c = -+ |
\.s n.U» > { - =
~ »J M J > N
I EES 0 3 9. > Sz 2 D
~ s O [ O 8 . | "T| © V-
L4 i — i~ — ) —
. ) = - A} )
1 1 |
|
CT A .
L b) \-U \ — A \
J S R 1 7
. ! ol »| =
A ) |t =
=




X = 1,56/

' - [a N
DO A = 3 L
!

1 i nf‘l -: kl_

0| M\ \" it
~H = R ,,,
4 { \J




! N e HLD Aq |
K X N U S 0
- U0 DN
w - Y J L
C vl N
I
KA
( X A A
N v [ Y4 \] v
Ry -
v o D t

L—




/
\
U -
-
Y AN (%] “v
—+ S T 3
o < _ = X3
2 < = ) | €
5 YA g
W \b O JA QD A=
= S = | /N b R
< Vﬂ Pa) — it M
Q $ : 5] T
_ _ Y = 1
- ] Y 3 +
S |/ - : ==
o ] (@) o
AN p) ] o 2
C~ HH\ s.T x\\. >~ \V < > =
fU \ ~ .MU _ l d
< .*T v = J = l_.l. i
- lq O
{ Uﬁ”\u — \d “”-b \
< = I Q1 2
~ |- . e=1 IR Y AN Y% I
™M / 3 c| T M= 1| =
\‘ \ = 'y
N \\
S < / U
e L
L ) "N
+ ) ¥ !
= .3 of &
— Nl/\l d \ull Mw . ﬂl\u I-”
IA\ . I\ Hlv > cln -
— .MV 1 nA h .| — 1
. — Ix—\ l(\ ’ r rL
. A\
=
/
M\ pa
NI
l

/M




N

[l |
R

715
C(C SO ,,5 ‘
L
":
N i |1
T | rAR A
IS
L L
%= v UndID 1Y B 190
s = §.03




n
L

n neutralize acids.

(O
= P =
i :
— = =
© -l -
IVJ ﬁﬂ ”
0O P ]
) 15\ e J
q &
7~ — kU )
o - = )
(¢2) i
5 ~— \ ) ) X
0 g <L ©
© ( by
Aw < ¢\_ .N by
© Q v © i
S
D) (¢ ) L
U V)
= e
P S
D
S
E®)
o)

- Add a salt containing A (example: NaA)

—
—
D
e
c
=
%
ul
=
5 |® i
2| o o
D | e c
( ) O) S _ “.,
¢ 5| = 2 2
L £ 5 g @
N (¥ AW (&) - e ( o
A 2] ‘ © 0 ==
TR 2 E %4 O O )
1 -~ O = =
c S r c -  ©
= © < v L 5
S| » — cO ©
(L N (@) = —
£ Mu - - ) © gm -
s N o & < 5 ©
B © © S| | N _ 8 O
< 2 Qo >0 5
O > = = + == | 4=
g © | © > ©L 5
0 YoRile) > | =c 2
-
go) DD B 53 2
& > 5 3 S c & =
S SR o o9  c
Q s = ¢ S52 o
m ol B © 2.5 O
o © © 0 28 ©
C w 0 D - = )
- (L c | Cc -
o mlu = M @) I "N 1
o ) LL il
Q =) (J
-“l. .- N—r ﬁM\
o) ©




-r

roull

T

Handaren

| A AW |

Hasselbalch
Equation

=9 A Soa =g

ns of bot

€q

r
|

f
|

Al +A +h

equarl to tn

12

S

Vil

HA

1

| IS )

there are significant amounts

f\:l“l\hﬁ.t‘l Q
OT oLt oIuc S

(FR7

ATA - APr

II) .

1KY

-~/

P

WA

Il-llu.ll.y NY

Mange,;

rLO\

~

LR RRY

(‘

NMultiniy by

E that the initial concentrati

pr—

N\ TraL

\J

£\

(Iq

l Q ) D NAryera fa.Va Q I\ l;v‘\

7R

Ca
I\

\vi o) Ly

N

/
AN

<7

A Aand it

r

\

4 D)

or—

L X= V..oV S A

- We ASSU

(ne aclid ana Its conjugate ar

concentrations. Valid |

+tha A

nf hoth enaciac initi

Ul VUL «

\

C A

C
A

N

A\t




1|
c—0O
(@) l,.M -
P95
O Q=
N |®©
cC v o
(O] Qm (@)
| I Ll
P
e ~ ———
e LU 1| T
5 |2 ol :
N 2
(4 Q O ~ } ¥ O
o) C. (3@ R L 3 2
el (\J — - » b
AL .kv 2\
\ llv (V = l— Tlu
(S o 1 —
A - - ”.lln =
w ¥ O ~ S~ _ S~ - r
- Mm nv T~ QO
—\IL hd J - d -t
< -
xv\ Sy
- (4 L, ]
> . T m Tt ¥
/Av .'O—I— \“
oD D J S
“1 r x -
2 ™~ S = <
. - R L} \—
2 N M/ D) /U
,~ “
\ ,W .|1. = T O—
/ n—
Q
v —~ =~
- N
-
a 1
7




w
s
- 8
L5 =
T N o0
285 N £
== Ay c 5
4 — O ©
T 0n | © i id
C > -
= C O == T c
= |10 T L - 3
- (O
= > ¢ &8 -
=) T~
=)= g 52 ‘
= N ‘ . ,
~ = S
R < ! Y
] [ > T D || =
—| [ g > 1y
O . N. N = N
e . — 5
P c— \l\lj B
Qou (g < ) O M: y R ) ~ A
m S e N I_M ¢ m L 3 N .f\
Q C. A\ s - ) \U
v < VoY l N fvnv (V2 ~\II
= QO w <D H S Fonsll O] N N l
3 0| H N I T
N = w S| - — O ﬁ.m s e < C ~)
i o R D ° o 3
' N u N - \ 5 e O q,
. = < N . ° 4
5SS 0| g s e )
Y 1 ﬁn 2\
- [ \ . Ay
(O — R > 1 mv m = |
gl=-10 = — .
e nU '~ {4-[ \\Jv q, I.Wi
D+ = o - D
. Y5 - R] - ~
= € S i N
o \ n..“ g Py
(O ...m = 2o | < o it U
1 ) D < i \
Y L R | m O S -3
= W .h N\ “ P IP
IH ™~ r\\ rb S ﬂ \\'ll
(@) Q.i n/_ 'S T L o
u l..\ s — .S C‘wl
d / \ UI %- \—~ \-
L c y = 5~ A . -
) Z SR ws o
L_Ir“ [d . S N .I.l.l_ g
=) 2 / T —
O S { ) ) C ~
v (] .
O o N
ﬁ\’




e
—
\

m
(0p)
m
T
D

-CTIC

7

oy
!

~
D
4
o wi
=
—h

rer

r pH is controlle the pKa of the acidic species i

Q)
~—

se a buffer system so that the desired pH is within +/- 1 pH unit of the pKa

Ir

SO need to ensure that the components of the buffer do not interact with you
r

O

ome buffer|"recipes"” call for making the conjugate ion FROM|the weak

cid or base.... by adding a STRONG acid or base!
el r \ \u [\ 1 / T

NHL & HOCN > NH, © C
"\ Y / |

£ \i N\ A LA 1 Y Y PR P [ B PR I - 1 | PP | R L S
Fyou riave 1more ditimioriia Uiiart ityarocCrioric acCld, yoOu will ©1lU up L]
a solution containing a significant amount of both ammonia and ammoni
Pa uffarl

Ul | A2 I




W.
5 )
- III.“
: , =
= @) = £
— | 'n lu Y
1) b
S 5 MR
= = = + )
» Yo O © -
0 , ® e T & )
] =26 56 ©
i .% Q= QO <
-+— = = E 8 3
= CNS & © o O
s o o m — =N
= = r=iks c
=2 = LL C o £
v =0 | @ L
®) a © oD
= e 5o 2m
S 5 > ® =N
& 2 23 o@
o ~
5 S ©Oo  z=
- ) s c 2
O - — -. o\;‘ kl m
S J g RM I — P
—|| | -, - -‘V “v o
= r» . LY
= m o > Dv - W
0 = —_ | & ,\..v\ 3 nm
= = b ¢ L=
An - O N \ =
© . 2 |- =3
(@) =2 ® = - S -
7 B c 2 = - ©
D YR — 0
—I— O > b o ”1 (®)
o5 8 gos g2
o I QD 529
L = g ) oD
— =
A o} e} = —T TN
- s N O
-+ .
= 5 o s %5
o K = =
o = i (@p) — L©)
o < < |2 ()
¥ . — O ©
c . | o
IS mw N T . =
2l = ~ ¢~ .V : Q
a m“ T o ml < c
. (an g >
= : o 3 "mw 2
~ (s “ 3 o
-M 3 @ < —
1 - / © N Tes)
= Q. o £ 0
Sia = 8 o - M b
n -0 (T O = = 1 wm
L Q I [ -
TR R B L S .. 357
c S os 2
: c i i 2 75
o .2 = v o =N
< & = > SAE
1 | O 1 \ru = 2
1 W g




)
O
i)
2
.
—t
N Y=
D -
\ B < ’ >
cr T
[ O 1Y
\\_m (@) ﬂn.\ vz |\ T
/ ) D | DO
O — 3 o2 o -
& ) & & o 1<
M 4 v C.
) Lw < v
(D) — T w
- e
m H o - N ¢IV \ \\'///
o a i) = L= = p
= N 8= 3 h3 2
m N ” nu N A “M
m._qw © S _a ) _
SRR SECSRICHU L B4 W
— ) .m. — L A .W
) s / c < A\ \ Y ~
c = [ [ Q o o ) Yol T
WJ h\\\ N d ﬁ"
X — C
= ) s e —
-m _I—l -.mv -\k—\ e A
.W, ond 0 w 1 ~T
— 5 O =
I} © ' p)
_ a S 5 SO
| = Ql n J
m L Y / A .AU R -
Y “r D \ ~ [~
- (o) h P :
0 N 4] | 1
12 X | & o) . . . i
— Py | O. mm - A— \ [ !
< _ / ! Io) I —
= > |— 2 @) ] T
= +~ L ~ 3 C—
© y 0N
3 =
O ~ —_—
= P 5 >
Q Q QIO
— N ® Y.
QD - Oo
Y=
-
2l




N
N

as

IONS
INJINW

TITRAT

1
(e
| .
—
)] PN
\
FRESRE- g
o =< D
T o) O ) a
o 2 5 5
o > C ¥ ¢
= = e )
N\ - 7
Q o
o | ~ S N
- ] | ~ A =
2 o)
28
-
— &
©
< -
— ()]
g i
3 -
.W Q1
m..l a)
~ o
il 1
t I




sisaNE LIZATION reaction.

controls the concentrations of h the flask?

<
=
3
-

ally:[ (No H base |addeq)
LA :\'* —‘\ — I
RNV “ ! (strong acid solution!)
[~ < [ J | - ’
HAXWNL 0 —3 M0 %X
dding base (BOH) from the buret
+ H,0 — 2 < A
(JRBL R 7 N
) " N v e . N T
35U 2 A
T hydronium reacts with hydroxide, so the hydronium i oncentrati
e Aatarmina s +th maant-af hyvadranivaim dafsE Aavrar aftar tha by, via P NIZVN
IS|UcicliimicUu vy ulic daifiOurit Ul 1yUuroruitiiiceitiovel aitcl UIC TTyUlTOAIUC 1TUITI
baselfinished reacting with it!




)
2 b
-+ o
K7 m
D — -
e = ,
Tl L= W
- & ’? ‘
O G mr =
O ¢~ f~ 2 2 E
= T i fse
[40] 0 D -U r \\H
c = @ =
o) 1 z
T C 8 = mw\u S
: ;9
© > o
of e S 4
25 = P
gy b = SEE
o3 c
© S
> w \ w. 3 : :
mu % ) \W..\ ©
- S d —h p
n_\l_._ n \\ ] Al h L.l .b
(©a'S) ) € L
| - — AH
3% ~ & = A
P 3 £ | J.5
+0 < .r.llw S ﬁ - . b S 8
O o _ N s
- = > 5
RSN e W SN JENREE
8 b . O C LSS 1 ) =
o T i \’ g oY e ‘ S
- r — W : a
HI |m ﬁlJ OJ .T nlj — ©
O 8l Her w1 : R T EE
c= T o ‘o ~ 52
= = _ — _ [ 83
-
— “N \ f\'.lv ﬂ\ o v - m
0 = ol A e [ . 3
@ P = = _ i E
Sz PN EEERCER RS ERE= S 22
A e — ' <
o < S - (- R \ Y
N? Y ~ [
— ) L8 o bt g
~ n. h ~ .. 3
=L =
ONB 3=
s 7 ﬁ m | 3
S = =
52 S £
=22 C 4
c - 3 G
> 0O :
13k R | V In h
Lt . ;
o 9




L
o
=
C
O
-—
©
=
\ a
..|m_
7’ fan
\—r )
. | (
L -
© e
®)
J . —_
7 n” e
-bu (®] ve) q
(b)) e
>~ ©
= O &) (S)]
(7p) C (4] c
= k. o =
- © ) =
= © ="
S O m
O -T- L
L — r
— >
C
N »
O =
\ 0 o
\ c | &
/ -]
— ]
<\ S | c
7)) ’ - —
= \ !
(@ =
r—”)
T C
(40} pul
< Q
I X
T > -4
o ..mu -
- (@) C
\¥} L rm
7 = e
@) d .“w
O O
w R o
oo o 0
-l )\




)
’

b )
@ c
LD =
1 P
\—
m [
© 5 2
p o 8
© 0
(D) c 1
% o = _
- > < c O
(@) H" L O
p= — — 1
) 2 © =
(7] o - = Z
@) D Z -
@) Pt 11 (0N,
S Y =3
D
© = | ° >
S s = X = 0
e \\O D Y I.w 11
n = O Ll >
o @] + i
= v O O  Ccc
(L -
S = o ) e E
n = 2 r o2
S © S W =
MH W o ..M / _W m.
] 0w 5 O
c T 3 Q0T
(@) O S
= 5 .S R o =
— \ (@) Lo » y~ k)
o © D D =00
w .t a \/\v —_ d Do
l% J N m..w ] ‘U [ — [ ol
% b %, y | ©o*F
C 7)) I .rlv th. Y
p— % j= / j = T
Q w 4 S0 X
> 8 o T 25
<)) = L C ! = 3 <
S (@) == i T v
@ =S
u Q\- -H 0 G
= W (@]
5 O o &
sE 8 O
ol T OFG
o C 2 m o)
(7))
1 ]

IN




L

>

N
D

ositivel

N

ND negative!

\

N\

LUTIO

>OLUTION I3

-

[
-

i

—

—

L WA

o the

so.the €

.S

e/ want to know how much!of the red for

1)\
D,

ust be DOoln l1arge

|V

7

e?

A4

i

ti

2

SCTIL:

l:n

A4 I

A4

-

r

nd

P

cnliiti

Souton

VIAN

ator.c

LY

A

Oog term above

h

(D

is the solutio

ne

e 1 I e

A\ X W, 0

ior

I~

A

A VTSN D

I WY ;I\I'N NNV ™~ la¥ =Y +l
e Ui arc pi

ne

T

rson-Hasselbalch! eq

A

lor of the indic

TCALG WU\

JEN
L

A =4

£
1

- \What col

\ I ~n faYalVal

“rvyilial UUIV

inh

nucn

A A=A " Amm ) mE B =T

H Is << pKa, then the log term above must be both large

t the Hen

A\

h

he

ne pr IS --

(0]

\When does. the co

LE L]

~
dliJulll

~y)




®
— X
D (OR
0 o e
_'l’ -
) O
© =
O
- -— (]
. -
D g =
C N =
e e —
o a Mur
© 0
X N
e ~~
O O +
pr— :m e
15 o
©
O = (4]
— YR
o a O
- — h J
C Ml (©))
=2 0 -
=
> g
O )
J)
.0 0
= = >
i
O @ N
-— |
o -
o O pi
£ =2 (&)
— @© >
o < ©
> a .lu
= 2L
N >
D |
SN )
S 5
Nl o =
O
ow. e ..
60 e
= L @©
Oc '+ 0O
() > O
— —_— S
e C AJ - —
~ O 5 O
O 3=
2 7%




7
)
(qv
<
| .-
C
7
N~ gu
1 —.
@® g & ©
\ o —
< S 5 S
C
== O 0 S
L —~ L — L
0| @ 1 = < & i
=
5 2 SEREE: T o =
O 1 ) () — -+ Yo
o c :
e =2 M c D - 9 2 o
£ - © I Q T QS
o “W = i - S5 | = c .“w
mUIu (@) O .|w m \ o
= — -“ - O / a ——
B C S @ S @ R
o —_— C 4 - "
e i} © o o - =
& - ARRY P T o O e =
O ™~ - m ] ST S
) ™ Ks) T B =
C o L. D O =
O O] O c O ®
= \ (- ~ > ..Mw C
— / — J.\\ — o (¢)]
= I,m/ W. — O < \TJ
P W) - ~ —d
¥ @ | / QA 5 S
B o o o)
) C o) a
= > 8 € Q
=] ‘O & N N .
%) © S £ o
e < = c £ >
) I ] O ._.H P
© > : 2
et D n“
[¢ ) - LY —p—
mu o T eoe 2
e = —~  £9 5
7p) ] Q >, =
_ | 5 >
| | = '35 C
o 0 © 3 Sl E =
~— A @ 1




|
= .L c Wik
=2 pn = 1 = N
> - —
o am { i .ﬂ. 45 O ck
() + 2 D o= = -
L / — o |49
5 © 5 2|2 = o
c ~ c P SO = T
o .m ,b ®) \H N ) S Dl
= N = AN c O
= Y 4 ./ N w c !
o J— 0o J 5 =0
vy @ g D o s 3T
© ™~ T c ®
. @ 1) D i 1 = 2
3 = > 23
5 o3 Wl 5 o
Y S Q 1~ 5 ] S e
O / AU — m.\) a S
> ! p: 4 (= ﬁlu =
A~ e = ey c >
5= O BE » o
© S lad o 4 B 7
()] n 0 T~ m M -
= O® CO |_E | o o
e | - 7 |y \] (@1 1
¢ 905 7 N T ANEEEbN 2 .=
Bk S ®mL / o O ©
L > S N =M — | c - 2
| —— - P -t
N ol g | gl LA L £ o
T X O lgy — Q- = © w»
© -2 ~ Qm “ > = MW
N C 5 L = O o
== =0 1] D))
— w |O e
<O <L [®© : o 9
© -
O O ®
) O O
) O
o y =
e ) c 5
(@] = ~ O
i3 o c
7 o)
S X O &
) O © %
(0 © Q < ©
oN (49 e .UV
e % <5
Pt ud ) L @
T 7)) =




o
4N o))
= 0O
X - =
) o0
= < ©
D L m <C
e . i
g @) m T =2
o Q0o | @
.U (] bt == P
0[5 QoZ | T
= = =g el ), L
O = o+ v =
~ = O >® =
J = Mw O O O O
O Jw
b L O I %
e 8 =2 @ < rA = Rilat
D= N D) "
| ® [@© ~ T O Al .
n ¥ e L -
P I O R
T s _ C
=+ T _.,\4 ¥ O S0
O M 4= N
=T , — MM ) c| | 1
o ) ~ To = m S .
QO S PLF o ] " L
< = =1 N B
X =L, T I= x_ Z
<< = AN ) ‘® y =
E e ”~\ -“.II. S e Vﬂ\
~ = | [y T o) —Z =
I C m. >, .w BN g
c 3 Y c' 5 <
i 5 3 ~—J = = =
o =~ (I, - ¥ 25 ¢ _
= O QT O uw &2 - <
~— c : QR :
C © . Y == Ol.l.
c S =)
— o < M
A S m
.\—-\ r © — (D) “VI <
1 o % — -
= = O e
o= .
S5 L
= =
©
il




u

(1))
E 3 T
b L
— ON
b c B
— JJ)
c ol
._\Iv - O
— )
( =) \
] (]
S ©
— en
[ - -
) 1
c 2 pR
e —
) f y
- - = ) )
rr- - — O L I\w S
S Al 8
D T (@))
) (5] = - -
~ St - /
. ) = = \ =
= O =
> = o ! Z
) =y o > n O
— mlv ._” % m \.y un
1 - T r“n a l..\\ y
* E.— — = m —T “ ID
a 9 5 < S+ =
x - ) = s =
$dell=l 2 c | O
— /\ - © O = - 3 =
=z & @ o S Z 3
Q — — ’ LL —
- oY = W__u__ =
w | o Il Z m I
| L mw - EW_ i —
- | o > D
U|\\ A‘ 71\
- ) i) 3 > C -
o .2 - © LLI .
=2 I o T <
> 7 =2 L T
= . e
LLI
-1 ) )
— T ﬂ_\
LI Ty




N~
\
(O
o ]
= o | =
\ Z 5 Q =
/ W ¢ fb) mv 0
, << = o =
> = i) )
\ 35 Z © S E
\ A O S ¢
o O
< G a=
\ Tl o3
\ - >
=35
— O g
/ HH - (&)
/ S e 1D
\ i y C
N Py h )
P Nk = —
e . LN ~ JJ
/ nb rm S - —
\ S g ®
— — e )
o T c O
s 8 | £E
m —_ [
r o -
[ e
..—QIU ”d Ac - — -
> (e = &
| O © = O ©
\ e = = o
\ O ® = .Mw
\ = O =
=) . o
(@) ) X
L ﬁw
\ X =
<t < o
- < c
s —
| (0D} = :
— L © .2
/N9 o To} T = .m.lm
<— | Y m
=
‘p‘




" .
@
- b}
LUl % |
_ i
< O [
= O |
D2Z S [ 1]
Ol /
Tiga N /
t
\\
o
I
/
/
/
{
[ 7
] 9
/ S
‘JJ\
(an —
2 O f
(@) \ + -
c o
= - b)
= ) ! - —
m (O —_—
= Y— — - — —
@®
IR ©»
()
S
l\lu 4
| / >
| X
\ -
\ -
/
/! ¥ g
A o2
N9 o Mo o < O N — =3
N - 2
-~




™M\
I~

(]
e)
[ -
= (O
QG
200
© >
—— ‘t .
® )
— MJ )
O
b e o O
- 2
Q® o
~ O 3
b [~ el
L = (o}
= 4 4
= o P
= \ )
NI <
I'N \V
f/ bl urd
AN &
N
H c
@) o
& Q 7
3 o ©
< —
=
Z — 1\ -
— NU - L C
<C oV
A ) \ n-/
—~ ) QL
rd

. titration? How do we titrate this?

- amphoteric - can act as either an acid or a




AS

-)

Ty
)

\_/‘

N

ith STRONG

with- STRONG-ACID

D)

LVA Y

(N

L

),

A\

—_— \_/'

V)

Titrate

Titrat
t

o

<« v\

N

NH_

(7\

\1

\ T

,-.

—

T\

IR

\~< T\

T\




~

AUV

sel

c = A
= c - = c
n I'e) ® o ®
< Q. B2 k7
= ) _ |© c
S @) = -+
= = =
= © - o ® T
e = 0 |©LQ O
= = 5.9 D )
© = £ 5 (@
o < £ 5 >
© ~ N © ® -k
c % @
s 1) -
®© © g
s o =
S % a
[ . n” b Y
= O 5
o ) o -2
bt o S
3 - S
| &) = —
c = o G
O .m =
-— ra
N o
= \ .
o) \ I
o \ =
r / =
N /ll C
(7)) X
_

P




<
—
—
~ =
0 Z 3
= [T
S— \u c
—_— —
J ars
N ei I . <
= / i S en
S S : = 00 ¢
< © QU ) Z |7 o
((b] () - W.U — -
O g SR | =5 8
3 ®© mm < £ << .»
= o ) I » = ==
O g e T
7] 4 i =T | E.W o wll.u
> + ) c D il
“D — \I -{ m -~ L
i — . . -|—I ] \
) IV”J N '/h T (4v] ——
i £ =< c - —
.AuM Y— rlt m.l._ “m ) M — T
- ——
h > = % o P by
=X o A
Q) Mv\. A S ‘5 ), | 2
¥y = > 5 ®© S L2
- = < = K72) ) pllilmi
I = m- L. Jl\ m S U ¥
— ( -
= o = ~ w9 PEIRE
(% mW \ ~ < ] = ~) /l\r /l\»
X @) - \ — —y v
M D o X b
= @) © 1 i X =
= = = e L]
‘/ _p— - —_— Jl
= — - > -
“_-J - < —_— mm fam ] m
&) - R 0 = J
O 3 Q = !
Y— (b} O -
© 3 PERE; Y
=g < w
o) NG w- <
1= @) .
= N
T 9 S
| . =
> ©
c p ®
n\\t.u m
c = o w
4N Y—
- — A” \ e
© (r - O
2 - =
Al S




(@) .
£ ©
UV e
o)
J
Y _
c Nan =
..m. ©
) & X
| ——
(&) LY
p < <
mw k7)) O
T. ~~
< c o
3 n i
m, 5 m
%) o) Is)
== )
)V aﬁw —
<= N e o
—_ = =
J ) 7))
e | L @ O
v Cen|llT T o o
- ) cn
- P Y o &
) X %) =
.Il. .mv 1m 2 _A.H
N/ g T prar] L -
] % c 4
i) -
_ wl\_ < 2 m O
) ﬂw — -
AR Ll I
) @® > =
- , = = O
(g u.b | mw O
> S &
o~ nn_ ) n D Im ”
=~ : C® | 2 o
= o= Wl < ¥
I|\~ /u\ s e nN c
3 o9 <| & =
© O o B
J o 9 @ 5
@ - N Z| £ o)
© ©
(@) H A -IJ -IJ
o= =
> (© | O O
ol © %




-

(
, N
Oz 4
= v j i
\ 2y 7 \
R 7,
N/ ,/‘ C \
- S g
N O S g
- o 7 -
< T2 o S5 .
- | = : -7
_ ( 0 - © \V
" C O hH o
-l = a 3 -
J C a D
| ke, Q = -
0 Y
3 a4 O 2
3 ) L4
- = r—
i) .Ilml\l\ RN .._w ~)
&) / I
/ \ g= > © >~
/ \ = 7 . .
=- J o T o T
> c ke = AR
—1 \ i O _— e _—
@ — \ ¢ 2
\ \ . "
Nt . v fll\\
' U - — 1)
Q _ . ()=« o - >
2 - e
c = = C
= N
5 O ] s =
(0] — | S O
5 | C L
) RL D
)
: _ :
- B
D




O
()
—
(O
= = ke
<C - (@)
= oX >
O c O
L -.!h (@)
= - T
Qo 2 o c T
o 9B T = C
T n =+ (4v]
g 8 Tz
Iuw o = O ()
O o = | € =
LLl o > o) ~
d O Q
N\ O o o
QU
5 X0
3 ol & D
= + £ 0 o)
T - ™ 5 Q| ~ =
— —— — O e
u w
L_\ 1 - - @)
" ) 5 | 9 )
[Tt ——
c ) —~ 3 @
— l“V = 3 — = O Wv /s
N ml - 1P c =
-~ —— - - ©
— P4 ) Y lrl
X © 2 = =
ol Y 25 gE
\ f \ 2 Q ®
1 M — \Y)
A { c A P @
— nVib 'V.l \ N M ulu =
> e | o T 532
- T - > O = o=
— i —— L I.u
= - . llu P.HM
.\U ==
— ( (@ u
= )] < ~r
= (O} Ir o
mu S o
" A L1 o ..._Uc
e O u— O+
) = O 4 O
UVJ “\J — C
T o5 00
~ | = = =
U | == -




4

<~

[

How d
LI AYA'A A

etal ions!

S
[

LA =4

= {
S /n
& AP
X \
o TNl e | D
Q 2 la | d
- S 0
(@)
O .
o0 Q)
m
o o RN
[P R Pa
- () N H
wu “\ o Qm
@ .P o Q
5 O Q =
O m 2 =
w O ha ®
= < +
<C () = = A —
m &) L S hu
D il ww .r =
_ - 2 —= = )
Y o S
(.\ C o ad < o .
LS € SET S
U
N = M ® © 39
O © = oc | =9
.m.u. I r“ D O H-
< © S < o <
@) (] ) = c = ‘m
— () = = =
£ 5 c
o o _L
D e S
Nen Q
+ O 3
c - L.
LUl -t
e 1 —
= 5 ]
= “— {
4 3 =
s S =B
Y © y
> S w Y € &
c 5
@© D,
L
JJ
)
1




.
o

o~

W=V

\ALIA -

n O
- m QO
9 = 2
= & 3
.V., “( ® m
=} o o Q)
= o i S
i i = O o | =
= c © = = —
= s > -
(@] - . = @ T
D ) 5 =2 C ) N cC
o) 9 O O < : i
AmEE = IEEAEEE. 4 SR NIPNIEE-=
5D £ 9z 3 2
N e L = -, C
mm R Y ..,U v =~ -~
g s =g > D E
W _— == Q79 Pt
> =2 = 5 0 =2 R S
Q an I fand T m;. Prs l ) =
F— et C P L
= 3.0 5¢ 68 c g L =
05 > e $ ot
(&) VS R O ¢ Ny O
© a ah = .H > =0 o
= £ o S ], @2 o SD -
> 6% 255 05T o
= o ) 7=l —~ S
— — = - O o~
et —
85 7, €8 520 | & , g
U 'D L S =5 O o =
—~ [ ©e 9o + - A n
- 4
e — CQ mb = O — (O \ﬁluu
| S S U/ . — ~— 1 S5
I T O 5 = s = =
= < — — = T - - =
—-— — a Y a
=N > O ©= O =2 2 % o)
- 2 S | e Slea g = o <
© = = o | & 5.2 a 2 o
A — O ey - — —_
Qo B R R C O & :
Ll ST > 59> O . 0O @
T3 = T lc'® SRERETIINN = e}
C = AN =N 5 O S
= = g @ o N o M
o m - ® =+ — (L = O
; (@Igran (L — —
Q5 = 5 © n 0 = <
= N - an - —_ j[®)
2 @ s D Q= O O © =
— 2 LS o o 5
o (0 " !
= O e _ I
() — —
=0 = / arl J )
e > o
o] 1




C4

©
2 ? o
(&} ) as 1= =
0] = =L n
= © —
0 M\N > .-_.ml ..QI‘-V -w -
by > - Q m R @
0 O 3O 7
N (V) \Q = las 0| =
v  — v L2 T\ =
(0] o R el
© = < O L
£ = ol EEER
5 2@ 3 5 c =0
: S <« - o) < |2
o ~ | b —
o = = =@ ,
D \ DO © D 4= O
) AN =2 O | — © C
= > C 3
pr o~ \V - [ -
T” ozl (2} my - m
] S =1k £ = e @
(72) a — = G— & QO
= ~N— 72 -
_IV —f a y — ) Lt
Z X . =gV = O 3
Adv \, - O Im% < O [ds
—_ (b) = = S -
— p v 5= oS n =
<L ] < P 28PN C |
= O 5 = o = =0
n | © < y = 2 © L
O =0 - T = =
i < 9D & O
o © r 2 S8
- O ﬂU = = nh
' d ” .m b / || m o =
< §5°< ‘ Z ST
L < WV = 2 =
y— e .mw O )
Q. w — - |([© y | @
D d T o c S
=3is O .C T lue
.AU m > Y=
‘uu > ) AU b O )
— m _ HY <C =
mo 5 8L >F
5 . . ©
w© 2 < N © 2.0
= By O = O
O O g = O
5 m A c D 3
h = 0 Q O
a3 = L0l O%
- -~ E L e .
o © C L
= T DH o s 3
(@)
N >
1 O




. jon =
D =
el o < 5 2
9 - N S
- < ®» O
= = 7 s > 58
B o > = = 3e
=% 2 : o °
\UJ E = , :
=2 0 o) 13 E s
a O )] S} =5 =2
Q D o > = 2 £
- = C c il E:
= S € c O = =20
0 ” L =4 -lu e t © nu IK
DD = o JoBr SE oy
£ D c o =0 3
: : T o=
[OJile) \ 20 g £ SE
(&5 — & |0 = =
=T e > s
- = S i : ﬂu
INEE- 3 . ® T o ANE
) T o o=
O =20 - 225 N
O = 3 = S > &
0 28 == T £6 28
A il 5 5 X s ©
< o = @ Oo=ZE O £
o © =2 A =% 52
o cwg . R AR
@ X Q - il S5 £B
D“ ) Ll =T : R
ol +5 -1 Q \ O o 38
.. 4 5 M 5 © oO_M©
=s O - 5 2
- M \ ™ > 3 wu S
Q B2 2 . . o D C o o
< O = 2T y8E c '8
N = - ® N I 2E b 28
L T e = < @ w 20 b5
.VA. WO nw - hV I m_hg em =
l = = < N zS
—d n 7N S
" © o -~ 4 5% 25
= cC 0O .
B 2 rm 2 _ — - Q g
(©) — % ] / _C = < “m
®© O = o2 : 3
v . | - o—C
Q= g % = o0& B¢
= O] f o @ =8 : m
g 1 - S ] :
< O ) =T O w= 0 =2
5 S O e
S co fl.\\‘ ] p_u 0
LEe > m o o =
~ Mw (7} L\‘ ) n A“V o o
c=3 — T ) I y: m
E \ 0o © *
=2 ) - ol [57
HARE: _ = 5 O
b L > O 0O
= 8.5 £2 38
ﬁU .\’IJ. [dn) Llrh .Im \IU a
5o o 2 O
/ oru fan W AU MU ”
oilte} 3%
a2 > &
= >0




> P
S -+
; .
\ 0
] ) =
_ v T E
. T \ @
! 5> a
) 3 )y 4
D — S o
: - T
2 n +
) a . 2 &
u”c muv J b}
) (aD]
cC U / ﬂ\ =
N / \\.lv ) -
{ - ialliY
\ a1 \v o @
N A" g N
/ A\ Z qa Dm ©
N z = ¢
/ rr _I_ C B ~
/I |_|
T =
—
—
= N
© vl
(] '
o L
Y
@)
o N\
c |V
S
e
> &7
| V)
et
P
=
e
(




o S
U a (Il o))
BCAR= = c S <
2 T © O | = =R
9 c S c 0 @ RS
o ~ © le et =
C A—U ) -AIU - -
—— e Qv - p— O [ E—
>0 il e LL T = = QO
£8 Z £ 8 Y-
o © = il
‘T < O 0O = .mm ‘O
i) 2= =2 = O
~ (qV) nN\.w mm T o “w| Z
A [ . O
@ C = & o O
o2 S =2 28429 o &
S > = = © O~
o) © O - = o 3
e rd 3O N C i) L .m
n ()] OO _- mw = .= =0
n A " - b— (D) - v | U
) E 0 : [ ~ S
O =2 = - 9 L ~ O - O
-— ()] v o < N nru — c Qu. N
© © £ c D= I e R = |0 O
S 05 O Cc | c S8
= [l — — @)
= 0 C 05 .mu.ma.r = =
c ) = O = Q
5 s 33 Stfe | EE
— N ~ - =F A c D
o r 28 938 O 51O T ERGO
Q S == o c -~ 9 5 073 S s,0C
O o s @© c ¢ © - LT v 59 %@
(45 ) = o X Aw = = ] ) O ﬁw C
bt 2 0 O D > Q. N 7, D o @ ©
5 2 ¢ co> F oTZG OB
T = = O - Q® s O = o , -9 25
» - — p— — <= — p—
o D = C O E S S EE 0O S 52%
%) e 2% Lo o= s £ 9= O
— — e e -~ P
= g S > S vt e =213 2 £S5 g
T | - lrll a p— = [ A gu IO\U — MU \H _\.\w .m
§ 885 ©°=8 L =eo-
< = O . - Cc = O Z
N ; » cC .= @© N —F <= <
O O £c® EgZD O T —
- e — o t
= o e Fc ) \
Z il Oy ® = 35 ~ X i
— —— v’ (an] ~\ A ) o
2 TS c5E @ X s 29
> ﬁ - ” 7 1 — m—
= 090 D235 /TN TN !
=  d® o | c O 4 g I —\
S cE2EE go= n (17 (< |gJd )
S £55 Jeotc Oy == (2
e 0o =9 Sl 5 =
- | 7 OO0 n @O : 4 -
g <ss <@o @ ( AN AN
S ' c \ - | T Y
= AN~ e
m o \ \ T
<
(T +=
O W
- — |-
© e
- r“
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