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ClaiY) ¢ g)laall Ghail ¢ Jasgiall caea) .29.7 ¢ 28.6 ¢ 30.2
il bl Calails il gylaall Cahat) ¢ dangiall gl
o giall

th LS llyg ¢ lanse e Aendlly ol pen i Jaogial) bl 1Y)

_  29.8+4+30.2+28.6 + 29.7
X = 2 = 29.6

A el 8 Ayl AEY) 2ae aaan 4 Jaxy Y 4 sl o S
Yo ST Y Tpde Tosa Lgima sl 058 of i (gpial) 23l b

. Jal
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oda ol Laif) L Jsaall 05 gl CibatV) laal s

: (3a])
X; Ki—% | =0 | @y e
ayall

29.8 0.2 0.04 1
30.2 0.6 0.3¢ 1
28.6 1.0 1.00 2
29.7 0.1 0.01 1
Y= 141 2

G sl Gl Julls ¢ Updie T e 28y J8Y) Leg@l) of JaaY

— ?I:l(xi - )_()2
N-1

141 069
s = a1 " mg
Janssiall (g lmall Calpaiy) : G
( ) s 0.69 034
simean) = ——=—=U. m
JN 2 g

Lagy Ll Lo oY 501 i ol Ll JaaY
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ol (g)laal) il sl

RSD = 51009 = 292
= — % =
% T 206

*100% = 2.3%

Lsgiall susil) (glmall Cabat¥) slusla

s(mean) 0.345
f *

RSD(mean) = 100% = 296

=1.2%

* 100%

0.34 (s 0.345 @ Jansiall (gylmad) Cahad) (e lumse Ll JaaY
Laall S ¢ 5,aY) s5ladll 8 V) o) aney aeli pe Ludlas el

RN
jidiall g )lrall cihady) (G
(Pooled standard deviation, s))

dcgana o ST a9 Al & aadiy g)leall Ciladl) (e gl 18
e ¢ Bpsall dal) Gudll milll oo Ble Lgha Ao gana JS ¢ il (a
ALELJMQQQT&)JM&WJS&GJM\ e o plal)
Glaadl 13 3 Ll AL sl e LAY Glesaadl gl
SlEd) (Sadl ey - ST Y L (e sana e 5y K Aiad il mllaia
¢ Al laall GhaV Gl e Bydle 5 lual aadiudl o)

bl g LS ¢ alially Janad) 8 Apslial) ilalladl) d8Laly ol
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N, + N, — 2

= \/ iy (X1 —X)? + T (xi2 — %2)?
b=

Y Ao sanall 5 Jasgie Xy ¢ sl glmall CibaNl s, s

il ¢ aplily )

B Sie Clye 5 @llyg ¢ b BN 585 Adpeal L dne a3 il
¢ Aajiie saaa Al abdiul oAl Gl 55 duld Aiph Hladul

il Gadle o QB Jsaally

(ppm) deuldll A8 kY | (ppm) syaal) 4Gy k)
10.1 10.5
10.3 9.9
10.2 10.4
10.3 112
10.4 10.5

Sp laa glladlls

Haililly 6V Ao ganall il dansgia ilin By Giny 5 ilieal

_ 105+99+104+ 112+ 105 _

Xy =

5

_101+103+10.2+103+104

= 10.5

=10.3

Xy =

5
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N1
(xi1 — %)% = (10.5—-10.5)% + (9.9 — 10.5)?
i=1
+ (10.4 — 10.5)% + (11.2 — 10.5)? + (10.5
—10.5)2 = 0.86

N2

Z(xi2 ~%,)% = (10.1 — 10.3)2 + (10.3 — 10.3)?

i=1
+ (102 —10.3)% + (103 — 10.3)? + (10.4
—10.3)2 =0.06

N1 N2
Z(xi1 —%)% + Z(xi2 —%,)% = 0.86 + 0.06 = 0.92
i=1 i=1

_ |02 _ ..,
T |gyg5_p_ orppm

GA @lmall Ciady) slay

(Standard deviation of the difference, s, )

@whrall dlai¥) claa b asiedl glad) GIai) (e g5 A
Oy Bamie e G Lgale Jguanll oy Al @il oha oyisanal
O (e USSE o) Gamg Al o3 8 (e sanal) (O Sadiys ¢ oiliae
Al aladiul sas e die S st o Cus o A0l e 22l
o5 legie IS (Gpll) saaly dain o Juand ellyyg ¢ Al & )
AU ARl (3958l (g)bmall CihadY) e uumil) (el
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_|ZEL4(D; = D)?
Sa = N —1

Aplall aladiily) saa e e I Bl das o 38l Dy Gas
5@l e N olin ¢ Gl goane Jaugia o D ¢ (Rl oY)

.é})éﬂ Lﬁ,)\:"-‘d‘ ub;.h{\ Sd
S sind Slie 6 s (Gl sl ClaR) 5; el 1
Buas Al 4uldll dipllly Gliell @l Jiat 5 dus o Gala)ll

:ppm ¢ A ) e Jpanl) S ¢ da e

Ll basaall 4y hal) il A gl Ay ) il
1 10.3 10.5
2 12.7 11.9
3 8.6 8.7
4 17.5 16.9
5 11.2 10.9
6 11.5 11.1

23 3pae G lgmngy Jpaall e Gl slad) 2l (o i) b 2dal
eyl e dsilaall g oS¢

V] S g s | Al il s | D
il
I 103 105 02
2 12.7 11.9 0.8
3 8.6 8.7 -0.1
4 75 169 0.6
5 11.2 10.9 0.3
6 11.5 11.1 04
YD 1.8
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18—030
6_ "

w]
I

N (D — D)2 aagil (Vs

6_(D; — D)2 = (—0.2 — 0.30)2 + (0.8 — 0.30)% +
(—0.1 — 0.30) + (0.6 — 0.30)% + (0.3 — 0.30)% + (0.4 —

0.30)2 = 0.76
_ 1'\1:1(])1 — 5)2
Sa = N —1
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(Propagation of error)qluall e gslil) Uadl) A 5aL3

bl aaall @l Al dpluad) Glleadl o 48l dlaje (8 Lhaas
panl Adgra ad lgalial ¥ ) (o) allaall all &1 ¢ Aanadlly oyl
¢ @limall Clat) asehe a5 o anys ¢ gl 1 8 o<1 (s
Slo oyl Jia ¢ lgall 8 Sh aed Aillaal) Aall e ey 4 Sy
S e gecn Al Wl dalles el WiSe 4ld ¢ 4lues 4yl
Slsal) e e cpdal ¢ dabisadl dnlaall Clleadl A (e Cag ra

Aerbn 35 lsal) 8 SB aae e el oSan )

2l e dagm JS giad Cuay ¢ Adbid) Aglual) el )l
rdallaall dadl) 3 KB aae e ) Adlia) dillae dad ¢ ool o
goklly aead) Yl

G ol it Legd mylally pead) cilee o i a8 Gole LSY LS
Cua ¢ Lagad L Adlhd) adll Glis dallee oSay 4 i LagaSas
ST zanaall aael) 8 B axed o &Y aSE aae ol Aadll )
eiall & SUl aae (e 5T oy g ¢ griall o3al) b aSU e (e
ol puad 3 Allaall Al pe Jaladll 8 AlSie D 13Ky ¢ Aile (g

Pl LS dglun (S Calsal) 8 KB aae Lol AL A gl

Sq =/Sp2 + 5.2+ 552+ 5.2+ ...
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Lin ¢« b,c,d, e adll b SU e gpe 57 052 c5q%e5e Cu
sl 8 sl ae s s,
:\_ﬂm\ AﬂLud\ «_1\}; &_mal d\.m
(1.23 ¥ 0.03) + (5.406 ¥ 0.005) =

lalialas ) Adplall ity @lldy ¢ Aillaall all Aai lusy gt 4y
O iy Cua o dibind) gl oS el ) el e o Gl
b S aned o2 lilla i . SV aSH axe Ll Glsal) ey
iadll 4 X axe e 5T say ¢ Bl e sdall 8 ady 1.23 dagl)
aiill gsanal Cilsal)l 5S¢l e e3all B sy 53 5.406
: ga dallaall

(1.23 ¥ 0.03) + (5.406 ¥ 0.005) = 6.64 F s,

F AUIS ¢ gl (e sy g a gt Y

Sq = /(F0.03)2 + (F0.005)2 = F0.0304

e VI Al e eiall gy s, J) b S e o Gumg
oSl e 8 ades o JE Sl e oejall 3B aaey LaliadU
SLlS Glsadl Sy ¢ b F0.03 ¢S of e sl

(1.23 F0.03) + (5.406 F 0.005) = 6.64 F 0.03

: Al Jla
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Climl) mill aladialy @ldy s aldd 4giadl dpadl) bugie uual

-

ALl

-

(65.06 ¥ 0.07) «(56.13 ¥ 0.01) « (62.68 ¥ 0.02)

_ (65.06 ¥ 0.07) + (56.13 ¥ 0.01) + (62.68 F 0.02)
B 3

=l

183.87 _ —
3 +s, =61.29 + s,

=i
Il

:A5L) AR (pe Sy G cana Y]

Sq = +/(F0.07)2 + (F0.01)2 + (+0.02)2 = F0.073
adry Lo e D¢ Ale (e gdall 8 dgase B aae o) Cung
tlsall 05 adle s Lall e g3all 8 oSt
Answer = 61.294+ 0.07%

Lanidlly ool : Ll

&5 Aillaa)l bl dalles 8 odlel #yhalls peall Ala 8 Lyl LS
13 =i JleSind (pal e (S Laid) (ol Waliaded ) iplall ity
& (s Aaalibal) Zagll sy (ol ¢ (Sl Z ) ) Jgaslly el
OB Aaliba) dadll e Sl Qlsall OIS 13 LAl el Clpal) 35)lke
O Ala 3 Lay ¢ ANV @l QB e aaedl e e gging Glsall
lsall gilal A2 53 a8y G Lild dalidall dasll (g0 JE sl

G S e Cleay Gl b oS8 Lopad) o i hady Sy,
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Y oails ¢ phlly pead) Ala G L Jpenall s2c @l CDA Jlad sl
o) aSU aae Clin (e 2 Vs 0 pdilae JS dall) @l Clua (Ko

réua ¢ Glaall B e 1) Glly Jisad 5 ¢ Yl
S, = answer * (Sg), el

AN A e (Sg) pep s (Sass

(Sa)rer = J (pdret” + (Sdret” + (Sdrer” + (SeIre”+ -
(A Aulual) Glead) Clsa ) 1l
(1.23 £ 0.02) * (3.527 £ 0.006) =
o 123 o Gun ¢ dalhal) Aal) i Aol a ¢ odlel @S5 LS

e AN AN I3 Y1 e JEY) 22l e ggiat LY Aoaliaal) Aol

14.34 5 ileall 038 Clsag ol Flee Angi

OSar Y ST ¢ Al Gl A0 ddlia) S Y 123 o ST 433 Y el

(Sa)rer Slon Aylay aay Lailg il S, lus
(1.23 £ 0.02) * (3.527 £ 0.006) = 4.34 £ s,

rodle] Alall ld Al A (asad (Sg) e J) ol

_|(F0.02 2+ F0.006\" 00163
(Sarer = (723 3527 ) ©

A e S, A 2agr (Y
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S, = answer * (Sy)rel

Sq = 4.33821 % 0.0163 = F¥0.07063

Pl WS Ao JSG Qlgal) 440K (e el

(1.23 £ 0.02) = (3.527 £ 0.006) = 4.34 + 0.07063
s (T)k e eix 0o s siSe U axe o Glsall e s
b U aae dag adl Cungn s (6) YT Bpdie (e ey (0) <l (e
Gl e edall 8 oS aaey Ll e Y ild ¢ Dle (e g3all
s Sl Clsad) 068y el

(1.234+0.02) « (3.527 £ 0.006) = 4.34 4+ 0.07
: Al i
(A dpliad) dleadl dails Caeal

(2.240.1) % (3.58 + 0.07)
(1.623 + 0.003)

= 4.8527 + s,
(48) lsall o Cumy ¢ oDl Aaplall iy dallaall Al Aallea oSy
rllad) o8 8 Aagill raaid (22) Lalidal) Aedll (e LS

(2.2 0.1) * (3.58 £ 0.07) _
(1.623 + 0.003) B

49 + s,

(Sa)rer Slos Ay gy Lﬂ-’\; Spile 5, Claa (S Y Sl

todkef Alall 3 Al & g (Sg)pep ) ol
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)= |(F01 : L (7007 : , (F0-003 :
Saret = |\ 757 3.58 1.623
= F0.04952
DAl (e 55 ded s OV
S, = answer * (Sg)rel
s, = 4.8527 % 0.04952 = F0.2405
ol LS e IS Clpal) S (e iy

(2.2 + 0.1) * (3.58 + 0.07)

= 4.9 + 0.2405
(1.623 + 0.003) -

(2) Briic e e oo Leed s XU ae o Q) e iy
s (5) YT e e edag (0) @l e eias (4) Ble e e3ag
ary Ll e Y ld ¢ byie (e edall 8 B axe aag il Cung
pon Alell Clsaldl (sSy @llyg L JE 5 Ble e el 8 ST

(2.2+0.1) = (3.58 + 0.07)

=(4.94+0.2
(1.623 + 0.003) (4.940.2)

: Al b

S aldiuly didg ¢ e 25.00 Weas dde B allsl) pads S
.34 36.78 A Spladdl calial dua jige 0.1167 Wiy ) Ladl)
10.0002 ol Ladl) el 385 aad B i) axe of cude 12U
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o Sl e Ga) ¢ Ja 0.04 s aaadl B g iland) GiLadY) (s
.Ja 250.00 s A A u))ol<l) Y gaila S0

tgsbs MMOIS J) 22 O ALl iy (e plad o
mmol = molarity * volume(mlL)
Pk LS Apluall Alid) oy (S 4l

mmol chloride = (0.1167 + 0.0002) * (36.78 + 0.04)

mmol chloride = (0.1167 + 0.0002) = (36.78 + 0.04)
=4292 Fs,

O lamy sty Wil il IS8 55 J Glos gbiis ¥ Wl Cus

rodle] Alall cld Al A (g gailly elldg (S,4) e

(5. = |(F00002 2+ F0.04 2_1000203
valret = \"0.1167 3678)

A (e S, dadd 2agr Y

S, = answer * (Sy)rer

s, = 4.292 * 0.00203 = ¥0.00871
b WS (Aae JS0 Gl AUS Say g
(0.1167 + 0.0002) * (36.78 + 0.04) = 4.292 + 0.00871

ey (8) il e eix o umal agia KU e ) Clsall e g

xb ple dag il Cung . oo g (1) all Bla (e ey (7) u‘}”'é).uc O
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MUA;)AJ\&JSEEMLM@MYMP‘JTUA;F\&
pon Alall Cleall ()5S el L J8 YT

(0.1167 + 0.0002) * (36.78 + 0.04) = 4.292 + 0.009
due 8 Y ¢ Ja 25.00 0)8 ana b i oSH aaal Aadll o2 (S

Uncertasinty in 250 mL = 10 = (4.292 + 0.009)
= (42.92 £ 0.09) mmol

L punal) 2SUY ase oy AVl @l A6, A8

dabaall aall 8 KB aae Cles (Say oS dalull ARY1 6 W,
oohlly peall ¢ Lo dgluall Gllell s o (@laall CalaiY)
anslly o yuzall

aey XU aae G 35 dlia 6 iy ey BN il 5 a8
O Nk ) (ST Aaliaall dadl e daial) AYA ) LB
o Aiiiiall Adlhal) dall 3 485 Coguenall SSB aae (DA Sl
¢4alidal) dasll

Al Ay Ja 8 laul

(931.0 + 0.4) * (9.245 + 0.008) = 8607.095 + s,
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fad cntl (V5 ¢ Jd) cill 8 s e dslhal) el ol

Sq J) elaa (e Liaey (S é (Sa)rel

F0.4 2+ F0.008)° 0,66+ 10-4
— _ = *
(Sa)ret 931.0 9.245 '

Sq = 8607.095 % 9.66 * 10~* = ¥8.319

e Y Cua ¢ maaaall and) b ady Csunall SUI a0 ol Js (Vg
RXS P SR PRVSINE R DY i DTS SN [ R "5 [ R i PR
Sl ae oY) liel e gsiay of clsall (Say Vo4l Laall
O lsall 8 oSl aaed 2 Y Gl ¢ () 22l A sl

: ot pmaall Olgalls il aall 202l 8 La 05

(931.0+0.4) «(9.245+ 0.008) = 8607 + 8
Byga o S e aile Y
(931.0 + 0.4) * (9.245 + 0.008) = 8.607 * 10° + 0.008
: Al b
(73.1+ 0.2) * (2.245 + 0.008) = 164.11 + s,,

G laaly ¢ Allial Ja Gl s dallad) dedll Clsa oyl g)al 55

feh WS @l il 5, s @‘L:‘“-‘ NRE RPN (Sa)rer e

s.) F0.2 2+ F0.008\° 4493 x 10-2
— [ = k
SaJrel 73.1 2.245 '
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Sq = 164.11%4.493 1073 = F0.737

e Y Cigpne lall b S axe ol Dpgunall 5, dad e
Ll grie i Y Lasles 05 O oma lsall ol s (500

feh Aaaaall daglly
(73.14+0.2) % (2.2454+0.008) = 164.1+ 0.7
dad O Gy oSy ¢ Al dadll e el Gl G G Gl
Lol eiall il A puad) SB aae
: AT Jla
(73.1 4 0.7) = (2.245 + 0.008) = 164.11 + s,

G laaly ¢ Allidl da Gle i dalhad) dell s oyl o585y

feh WS @l il 5, s c—,‘lﬂlﬂ-‘ NRE RPN (Sa)rer les

_|(F07 2+ F0.008\° _ 0.0102
(Sadret = (737 2245 ) ~

Sq = 164.11 % 0.0102 = +1.68

Ol Julls ¢ momaall saall 3 ady gunad) SE axe o ey 13
GsE S) emall 2aal) b &8 o Ll aay lsall dilladl) Al
taganall dagill ()5S dgle s ¢ (Agsuaall SH axe dad as

(73.1+0.7) x(2.245 + 0.008) = 164 + 2
Al dagdll (e yraal Clsad) o e
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".‘...\LAKL..\LJAJ\ 0 Al Jla
(101.1+0.9) * (1.562 + 0.008) = 157.918 + s,

Ty ¢ Alad) Ja Gl s dilha) dadll s Gl Al 5y

ul‘ LS ellhg ¢ pilie 57 luaa @‘L‘L‘” Y Cun (Sgdrer Sles

Voo F0.9 2+ F0.008 2_1001027
(Sadret = [\ 077 1562 ) _ 7

Sq = 157918 ¥ 0.01027 = +1.62

Ol Julls ¢ momaall saall G ady gunad) SE axe o ey 13
B (S) gl 2aall (b s o L o sl dallad) dadl
tagaal) dagil) ()6 agle s ¢ (Rsmnal) B axe dad aa

(73.1+0.2) x(2.245+0.008) = 158 + 2
Canai O g iall OS5 Dpalida) dadl) e il Clsall G e a2l
U aae Gl o i Jad o) Wl Y] ¢ Qlsal) e aaa AN 5,
A il o ¢Sy U
Aithal) 280 dacidlly cupal) cilles Yyl
OB Lid Aillas a8 Gea® (fewdlly Copall) dpleall Ll culS 1)
Gal ¢ Glsall 8 AV G AV s aaas ) b Apalidd) dagdl)

Aad culS I Aabid) el Liliey sl Aed Jlie¥) o
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Ge 23l Gl e gsing Glsal) ol Lalivd) el e ST Clsal
o pal Clsall 8 o) Wly ¢ Aabiad) dagll & ANV 3 LY
e iy IS Qlall s AV 50 &) Capas Lulh dalidal) dagl)

el Jid

6 ate el Al 280 Aa1E) Lo gl Ayluad) cililend) c Lo

OSTs ¢ Apaliaall degll ) phu Y Wl U oane et bl culS 1)
o G les lsad) 8 VAN cld A ¢ allaall ST axe Casas
ok ¢ pan) Apluall dglell ClS Loga ¢ gl 2SHD aae aa (38150
(‘—DAA‘ Ao ¢

Quouanall 3l anad Lo Jof o Joii W Jadl ey of
sl B AN @l A8 s aaad A A

8|9

(273.14+0.9) + (2.5 + 0.4) = 275.345 + s,

Sq = +/(F0.9)2 + (F0.4)2 = +0.985

O Y1 S Y Y el aall 6 py sl B aae o iny 1ag
Ll ny sl Al el ol by« 1 ) oSt e s oy

el dagil) ()6 agle s ¢ maaall aadl 8 S

Answer =275+ 1
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OS5 @il ol b xSt ae e gliging alll B o e a2l
S sl o e o i s o gsing o pagidl e sl
sl aned Lo o] of o ali gl dana o haal laliddas
OB addes ¢ qlsadl B AV @l ABY) s aaad AN A Gugeaal)
s s dapmia dlael Jy Jliel e oiny ¥ ol cany Alliall 038 Clsa

b oaall ol ST
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45 agan

O dagn Claglae 3) Sl 3L (e deganal (gHlinall CBlAN)  ary
i — Ll WS = say ¢ gitul) Wil s diaidl) (precision) s
Calay) lidany ¥ (S0 Ll liad) Jasgial) 3 dalladd) 483 o
o Al Al e il @b davgie i s3e oo 3% o (g)luaal
¢ Leggd ool lea (Sa dilaay) dualill e GlY LAl gE)
owd AED dgaa b AT rary L a Aaganal) dadl) (68 o) aign
iadll i of adgn Al (interval) sl i (range) sl e
iy A8 a0 s Sy e A giiee e DI Lgdal)

s3I 48D

ts
confidence limit = x + —

VN
e N oo gl gl Glal) o 5 ¢ gl hugie s X Caa
A Glfase de difide ad WL Slas) Jelae sa ¢ Ly o bl
Gad A Kas ¢ il @lagy e Lol i A
Llasy) Jghall e oadll Slapyy Cgllaall A8 (sue dpaslea
AL A e 5l o sadl Claa (Saall (e dgle s Lol Lalal)
AU dafll e g

) ) _ts _ ts
confidence interval = (x — —) to (x + —)

VN VN
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Badnia AR Cilgia die £ Jga

[I):ergegzejrgf Confidence level

95% 99% 99.9%
1 12.71 63.66 636.62
2 4.30 9.93 31.60
3 3.18 5.84 12.92
4 2.78 4.60 8.61
5 2.57 4.03 6.87
6 2.45 3.71 5.96
7 2.37 3.50 5.41
8 2.31 3.36 5.04
9 2.26 3.25 4.78
10 2.23 3.17 4.59

A mll) o UWas agige clisS dle Jdad e e
Ll odgd gylmall Cilady) ols JMd ¢ 93.43 ¢« 93.58 ¢ 93.50
ob Lle ¢ %95 A8 ggiwe die A4S aga cwal %0.075 s

D)) b 5ydlhe sl (e 3 Al Jasa Jilial) G g5l 14

confidence limit = x +

.tgs% =4, 303

=k
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1 X et () a1

93.50 +93.58 + 93.43

X = = 93.50
* 3
fidence limit — 93.50 4 +303+ 0.075
conjiaence timit = . o
V3
=93.50+0.19%
sl OsSas

range = (93.50 — 0.19%) to (93.50 — 0.19% )

range = (93.31-93.69 )%

Qi‘@g.hihi‘“giggégéj‘%9533353&“,10\5:5&&““5‘
.(93.31-93.69 )% wéﬂdﬂ@#\ dadl)
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(Tests of significance) 4y <3 )Ly

wan sl Ay ) AeSall Al A ¢ glal) e IS B
¢ lale Jsanll oSy ) 0kl cpead) Alglas 5 ¢ Lo Ayl bl
o iy oS0 Auldl) Aaphall (e Yy saaa Al aladiud e 3 Lila
A syaall Aiyhall 6 G gad) e 3 Aejla uleal Gl aady
Ly Ll o Al el o Lo oS8 eI G Gl @l 4,

Pl 43kl R8I L diph oL JA

laas Y ¢ plaaly ohlae Slla

Ay 8 duldl dgnlll A8 syl Al oS o Ll
ANV 9 5y a6 YT Gany asl iy lag ¢ (precision)
Ol AT Jma o ¢ oisylll (variances) J) on dslas)
A sy lie 058 of ey il (gled) Cilaly)

- Foloal galay
) Aed & dwlall dalll 28Se saaall dalal) o6 of 2
il e Juass Al w8l (66 G e ¢ (results)
S Al plill) Al Ayl il (e Ay syaal) A4yl

b WA Guday Gl it (A gl
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F sl Y

U om @rss Shas) BB 3y e ) 35as oo HSEF Laa) Lidasy
Luldl) daphll aaaiuly lle deass ) ll (variances)
A (e F dad s (Sans ¢ saaall;

cas SV variance JU ades ¢ 1 oo S sS85 o) oy F e
Al saaall Aaphll G 1Y) Lol sy Jaud) 8

yie Aganall Lgied ae odlel AR (o Aypunall Faag (i el ey
csthaal)l A8l (ggtua

Critical values of F = s3/s2 at 95% confidence level

Degrees of Degrees of freedom for s,
freedom
for 5 2 3 4 5 b 7 8 9 10 12
2 190 [ 192 192 1193 | 193 | 194 | 194 | 194 |194 | 194
3 955 | 928 | 9.12 | 9.01 | 894 | B89 | 884 | 881 | 879 | 874
4 694 | 639 | 639 | 626 | 616 | 609 | 604 | 600 | 596 | 591
5 379 541 519 | 5.05 | 495 | 488 | 482 | 477 | 474 | 468
6 S04 476 | 453 439 | 428 | 421 | 415 | 410 | 406 | 4.00
7 474 1 435 | 412 397 | 387 | 379 | 373 368 | 364 | 338
8 446 | 407 384 | 369 | 338 [ 350 | 344 339 335 | 328
9 426 | 386 | 363 | 348 | 337 | 329 | 323 | 318 | 314 | 307
10 410 | 371 | 348 | 333 | 322 | 314 307 | 302 298 | 291
1 398 | 359 336 320 310 | 301 | 295 | 290 | 28 | 279
12 388 | 349 326 301 3.00 | 291 | 285 | 280 | 275 | 2.69
13 381 341 38 302 292 | 283 | 277 | 271 | 267 | 260
14 3741 334 311 296 | 285 | 276 | 270 | 265 | 260 | 2353
15 368 | 329 306 ) 290 | 279 | 271 | 264 | 259 | 254 | 248
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Auhall can AL Aalal) Adkd) Glady A&l das Aalall Al

fol LS Ao slead) Aol Adpee Alla 3 ARl ¢ i ) Sy Adle g

- ts
= x__
8 VN
Gad ) pmasl) e Lebay ¢ Alpiall 5l dapnaall dadll (& g of

't

VN

+t = (f—M)T

diladl) @il ol aaal) alAl 5y <he clie 5 Jdad A5 Ladie (e
¢ 13.9 < 15.5 < 14.6 « 14.1 ils yoal) dad of A @)l
Ja ¢ %14.3 culs Juaill dsaal) dadil of cule 138 .%15.4
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Lld ¢ dasles dapmall dagill o Lus o bl d5le yy Wl cas
Lugidl ddjpeal dalay gad Aol 8 oS0 ¢ ol ARl aadis

141+ 146+155+139+ 154
X = c = 14.7

(5= 0.73) daf e Jomni dum ¢ dlun (Sad (5)bnall ity L]

24D e b oAl s ()

+t = (14.7 143).¢§
- ' ~70.73

+t = 1.22

g dﬂ (1'22) ‘L’}M\ L.Ji 23 Yabulated & tealculated B‘-DGAJJ
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Ay @Y Ayl | s gsiall 4y
23.6 27.1
24.5 25.4
23.8 26.3
24.2 24.4
23.7 26.5
23.9
18 gsiun 2o Okl G @A luan] 38 AU Ja :Jlpudly

.£%95

Yol o Jlal e b LS dale Jhpall B 0S5 Leaxie d8dal b
s S Lo 13 Biprad B a1 Gty ) Jlpud) o BlaY) pbiis
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AL e F e ol Taal Sl

I Al e Jeans il (e

axiiall daall
X, 25.94
x, 23.95
st 1.11
s5 0.11
Sp 0.75
S2
1.11
F = = 9.65

5.192 ol Ll a3 %95 48 (ssiane die Figp dad ) lailly o<
Sl ¢ L) Jdd i e ¢ Frge = 9.65 > Fgyy of G o
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A U S PR R LR EIAY
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23.6 24.7
24.5 25.4
23.8 25.3
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il daall
%, 25.14
X, 23.95
st 0.133
55 0.115
Sp 0.35

S2
0.133
==

5.192 (o5l il ani %95 46 s5ime die Frgy 4 ) kil (<)
Sl ¢ HEAY) Flas e les ¢ Fpgre = 116 < Frgpy o G

AN ¢ isplll variances J om s Shaa) 3 2 Y 4l

L toHlaa) Gakas
NiN,
N, +N.
tt = (f1 - fz) . 2
Sp
5%6
54+6
+t = (25.14 — 23.95
- ( ) 0.35

+t = 5.61



¢ (Ny+Ny —2) pya0 @lays 95 %95 48 5 vie ¢ Jyaall (s
rol @y s ¢ 2.262 & Asaaal £ Aad o 2

tCalc = 5.61 > ttab
5 s 4 ol e Al ¢ gl o (£ L) b ades
BJ.JJAM ‘\A.J)H\ e\d;.u.u\ OSar Y &ﬂh.!j ¢ u.u&.}_,)laj\ UR SRS (_;’L‘A;;\

Al e Yy

Ak dpull) A8kl palayll o ggiad dde Julad a5 :Jla
PR TPt S P PP

Ay @Y Ayl | s gsiall 4y
24.6 24.7
24.5 25.4
24.8 25.3
25.2 24.8
24.7 25.5
24.9
18 gsiun 2o Oihkll o @A uan) 38 AU Ja Jlpully

.$%95
Ll ¢ Loyl Ja) 138 8 LS dale Jlgasd) Rapn (3685 Ladie 48dal) 3
Alia S Le 13 Adpead Fjladl Gubaiy V) Jhsadl e DY) aplains Y
e b Y 8o pasphll precision J A g Slas) 35
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%95 A g e i Hhall O SR gs-‘\-*éﬁl G

:QAM\C,AFZ\_@‘._,@TJ# Sl

2
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F==
S3
il sl e Joant il (e
ial Al
Xy 25.14
X7 24.78
st 0.133
s3 0.062
Sp 0.31
2
S
F = —12
S;
0133 D16
T 0.062

5.192 (sl Wil ans %95 48 (ssine N Frgp ded ) lailly (<)
Sl ¢ HERY) Flas ey e ¢ Fpgye = 216 < Frgyy o @ «
¢ ikl variances J) o gan Shas) G4 dlia g Y aild

LAl Gt el
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tt= (25.14 - 24.78)~ -

+t = 1.93

¢ (N;+N; —2) a8 Slar 95 %05 48 (ssiue die ¢ Jsaal) (s
s @l s ¢ 2,262 4 Al Al o aas
teare = 1.93 < tyap

BF 5t Al e O o Al ¢ syl oda maty £l old ades
Op s hasl @i i s Vo4l e o g
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eliilly 48
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ol Basaie e Ssag Alla (8 lly togye dad Claa ) sl Dl
Wl Ua sl (ped agdes Adliae (3ykay Lellad S5y 5y S Baaly dle
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t= (D)—

Sda

Sq Wi ¢ Gl ae N o ofiphll Gsp busie 4 D of s

Gll (5 lanal) Gty

gl iy an Ak o)kl adl) G Glie 6 (o SsSstall Jilad b 1l
((Pans 100/ 5585k pae) ddlil) ilil)) o J guaal) 3

Lonll) Ay phat) Sayaal) 45y Jal) dial) o8,
79 82 1
120 115 2
92 94 3
91 89 4
181 172 5
241 249 6

o e $%95 A8 ggiua sie iyl @il G @Rs lan) (58 dla
'ttab,95% = 2. 571

Heqre Slas e S & Sqg 55 ey Al &

Di Gauldl) Aipll) | syaal) Aaphl)l | A
3+ 79 82 1
5+ 115 120 2
2+ 92 94 3
2- 91 89 4
9- 181 172 5
4+ 241 245 6
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5=>—05
SER

_ 1'\1=1(Di - ﬁ)z
Sa = N—1

¢ (D;j—D)2=(3-05)2+(5-05)2+(2—-0.5)2+
(-2-05)? + (-9 —-05)? + (4~ 0.5)* = 137.5

137.5
Sqa = m =5.24

:ta,w;ﬂo&'\j
+t = (D) N
V6
+t = (0.5) — =
Tt (05)5.24 0.23

t‘wguih“ ))3:’@“—’1_3)3550/0953\33(5)3“_\39 ¢ Jsaall (g
s g ¢ 2.571 oo Al

teaie = 0.23 < tyap

Slan) @ @llia aag Voadl ey les o mad B ¢ L) gl 4l

oyl (results) J om @rss
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Aladdd Q Lad)
el dagm e ¢ Lo Jilaal dpliie mili e Jian (L) ey b
Ladll el Ladian Ja sJdsbal)l o L) e u Y Uas ¢ Leidlaas
Alafinl) (plE et Wld Jolucl) e e Gl L Slaaniu o "33l

DU (0 Q Aaf i gy ¢ Q LA ann Lo sa ¢ bl

dad ol (Lo o oCaall) 33LA Aadll Gn nsall Bl 8 a o Cas
P Q iy ¢ lgic Aad 2l 530l Aesll gl 3 s W o L]
Jsall Jiarg .zl 2e g A8 gue Jo 4ad adiad  Alas) Jalaa

P Q af pan AU

Q values at different confidence levels [CL)

CL at 90% CL at 95% CL at 99%

n

3 0.941 0.5970 0.994
4 0.765 0.829 0.926
5 0.642 0.710 0.821
6 0.560 0.625 0.740
7 0.507 0.568 0.680
B 0.468 0.526 0.634
g 0.437 0.493 0.598
10 0.412 0.466 0.568

Jall sa LS il ey axe Gy ¢ il se Jici i of alell ae

ts F &L\bh’.’\;\uﬁ
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12.40 « 12.25 < 12.13 400 il o Ulaas La §ylaa b :Jba
¢ BME s 15.25 dadl of ladaly gamg .Je 15.25 5 ¢ 12.24 «

%95 A8 (5 gia dic Wl ol Ly BliGAY) a5 Jgb

AL A (gay ¢ WD S Laelad L) il caigy o dad) b
.Q e Clual oDlel 3 SAal) AN
a
15.25 +12.40 < 12.25 . 12.24 . 12.13

| w

(1525 —12.40) _

- (15.25-12.13) 0.913

O s ¢ gl Guadd %95 A8 siwe die Qugp = 0.71 Aad (<
Candl Y ¢ laalatiad iy 15.25 2l O m 1368 Qrgie > Qran
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m = Dxiy) — Cx Xyi)/n}
(B~ (@) ]

A (e b ol Sy Laiy

Y=mX+b
Y afhugie ¥V Ly ¢ X af ugie X Cus

gl (b a3 dilge dle B @ (palid 35 cpatl Aas B 1 Jla

ol LaS i) cuil€d cppalidll Ll @) Jollaal) (any ce (o)

asas) (ng/L) 5550
0.000 0.000
5.4 0.100
12.2 0.200
22.3 0.400
43.3 0.800
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Al (e
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ald ¢ Al o (S el Ry i) Jdll Alslaa b (sl

il geaall Auall 385 Glia LiSa
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correlation coefficient (r) bl Jalaa

G A S5 B el e el e Al Gl Jlal Ly
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i s 7 = from(—1) to (41) (s adl Byl Jelae 33k
Lal 4 Lay ¢ () all) ST LN G8 WS (+1) e 1
all die aaely s iy B WS il

Yo ¢ LY dalee gape dgban¥) mallly sladall (o S0 aadians
Doege (paa Gl Basyg ¢ 4wt Wiy Jalae (pe
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LY delees agfiedl Laall dilee GEdl o 8L poall e
o el alaainly LGN Jagy JBE JSG S A0 e degenl

99



100



L) o lanl) Bl Gaarg Ja Ao by pai 1 AU g3l
(Bbrag ¢ i ¢ ApaS Cllaua)

dley ¢ Al Abatl s lasl) b Q) emiall iy Sl Ja g

dalaid) dabdal) Bl Ja @by Al Jea Bl 13a ey

s dalad (e Adlidall Slual) Cile ginge (& @by ¢ AdLas]l Gblaall

Jall b daped 5 28 ¢ Glusd) Glpalae PlA 08 WSy L ana

uu) el Al Jilid) & mmol J) Slallaias aladsial Jedil

Aty ¢l el dia 0 Y s o sl Jidaill S (sasls

st Jiluall (e g5l 138 5 %100 Ay S8 cdlelal) o«
tlaalaal ¢ dall 8 Al cELa

mmol = Molarity * Volume (mL)

mg

mmol = —=
Fw

Y leds ¢ ) et A cle il @l Bladl e SV g5l L
culi Jeld JS Ly LS el e Jil Wils ¢ %100 desy Jelall Sy
O gl 1 s ¢ mils ) cleliiall Jsad sae 0o e ¢ O

el ke JSE YDl allaas ols Jiled)
¢ Lghls dam colgdae Jela Alls d ldll ¢ ) alaee 8 ail V)
) Jeld ¢ LS Slelis ()08 Cumy alas Sy of cang el 08
O A8lea) (ol aae o)) Aty ) Jsma gl e S el Alls A
om delall s (J¥) sehadll ¢ giighd gaday of g Al Ja
sobadll Ll o (as ¢ LS Jelal) lae) Wil 2y cyiiaglad) opialal
s Aaladl) S0 Claad GV bl Hladiul Led i gt
CDlelds Aysill 5ol pa goil) pmenl) CDlelin bl (Say L 4l
¢ %100 Ay Jelall JUS) Led &3 Y ¢ o) e leld Leisn Lag ¢ dali
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Jllaal) ppanty Ailwial) cillall 16D Juail

Assume you are asked to prepare 250 mL of 0.1 M MgSOa4 (FW =
120.37g/mol). How many grams of MgSOa are needed?

Al Ja oSad) o 4l ixg 13y ¢ ol Allie cal 230 aodally
il Cus e mmol J) e alasiuly
mmol = Molarity * Volume (mL)

mmol = mg
Fw

AT ERK' P
o Molarity * Volume (mL)

todle] Aal) 8 (o gxil) (o Wile Lo ¢ Y1

M9 — 0.1 * 250
120.37

mg MgSO, = 3009.25 mg or 3.00925 g

LVsall aaan ay o Als o) G plal Lyl Sad) g
OsSs Wilag aglae aan g 5ald) (e Aima 45 43 (e g Lo Jolad
oSl ARl (e aiad ) Jpeasl) (San 2aly Jsenae Ll

Find the molarity of a MgSO, (FW = 120.37 g/mol) in
a 2.354g9/100 mL.

15y saally Gldazall LS Sa 4.93).1:3\ el
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myg .
—— = Molarity * Volume (mL)
Fw

2.354%103

= Molarity * 100
120.37

Molarity = 0.196 M

¢ Agsiall Aandlly AN Laglaas SN Jlaall e Jillaal) juiaat Ul
33 Ay anatis ¢ Al Aday 4l ¢ Aalgl) il (g Liafl sgd
) Jsasll Cagatll ADle aladiud & Gas ¢ 3$d) Gmeal) 4 Vs

14 glaall 34Vl

Assume you are asked to prepare 500 mL of 2.5 M
HCI solution, from a stock HCI solution that has a
density of 1.145 g/mL and a percentage of 32% (FW
of HClI = 36.5 g/mol). How many mL of the

concentrated HCI solution will be needed?

P (e Jal Gmeal) Ay¥ee waad ¢ Yl

_ density*percentagex1000
FW
A ge e AEKY o Cun ¢ AL o8 Lt Copas o Aoy agall (10

s Y« HCL e s)lbe Jladdl S Gl e 1 mL (<0 Jsladll
A siall Ay A8 oy Lle ding Lao ¢ Laid 4ia %32 2 HCI )
s -dsladl (e I mL KUHCE J) o cldpall aae e Joanil
o Slball Aad i Gk oo MY ) claall e st
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mmol mg
‘ b FW d\‘ﬁjsw\d}éeiwj‘EMIOOO

mlL
g Vel

_1.145%0.32%x1000
36.5

M =10.04

tol Cua ¢ dall JWS) aalall Jedl o Y

M\V; = MV,

10.04*V, = 2.5*500

Ve = 124.5 mL

e 124.5 ML Cagas oaidy Cogllaal) Jolaal) jpcaas o) Jny 134

¢ ohiall elll (e S ) Gaeal) Ala) Gpk e ¢ JSHall Gaeall

sl (e il dilaly 500 ML asa g Joladdl JLS) & ey
. kil

wuSally ppm or ppb ) 43 ¥se (e Jagasl)

e Sl ¢ S Sy G disntll A0S eatll Jilas i
J iy o aaind Jaoatl) ddee ulady ¢ pSally ppmM - ) 35

:Cua PPM
_ g
PP = 1000 mL
:gh ‘L.J‘ipd\ LA.\:I.I
B mmol
 mL

sl ey 4¥5e A PPM (e Jasaill o) W gty Gaapail) &35l
:mmol Jmg J
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mg

PP™ = 7000 mL

:(mg = mmol * FW) &ua « mmols JI 1 mg J) Jysai A

mmol x FW

PP = 1000 mL

ppm = (mmols in 1000 mL) * FW
ppm = (1000 * M) * FW
:J b ades« (M = mmolinlmlL) N
4y « { mmols in 1000 mL = M * 1000}
ppm = M « FW = 1000

ppm

M= tw+1000

:iﬁiﬂ\Lyéléd$lub ppﬁ]ugjxiﬂbAL}ngh}Sﬂ\dﬁad\Cyg

Assume a fluoride (AW = 19.0 g/mol) solution that is

a 54.66 ppm. Express the concentration as molarity.

54.66
(19

M =
1000

=0.0029

Tlall clghdl) (uSe acid PPM ) 4y Nse (e Sysail) Ll

mmol mg
mL ~ FW = mL
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mg
MxFW = —
mL
e mb JKImg Jhaae ¢ lgiag
mginlmL=MxFW x1

1058 4des 1000 mL JV A mg J) sae 8 ppm ) (S
mg in 1000 mL = M x FW % 1000
::\.bl.m.u ji

ppm =M x FW x 1000

Assume a 3.2*103 M Na* solution, express the
concentration as ppm Na* (AW = 23.0 g/mol).
mg Na* 0.0032%23.0 mg Na*
= =0.0736 ——
mL ( ) mL
1L JS ol Jall (S 5l 0.0736 mg e ssise mL U8 o
.ppm sl 73.6 mgle (s sis
0.0736 x 1000 = 73.6 mg Na~
= U. k = . T ——
ppm . Sooomz) ‘
5 _pilall A8l alasinly Jal) dabioy Jall oKy
ppm= Mx* FW « 1000
ppm = 0.0032 «23 1000 = 73.6

mlL

Cuny ot sl (a Jlaa jpdaat cililua b Ll Lo cfeal oy
ool ¢ gle aladiuly iy ¢ ppm J) e Aima dad 0 O
: )
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How many mg of Na,CO; (FW = 106 g/mol) are
needed to prepare 500 mL of a 10.00 ppm Na* (AW =
23.0 g/mol).

M O Jagad s &3 (e ¢ Na* J dslsd M J) Ad e Wile doladl 4
sda Wl @‘5 ¢ ):\...4;.\]\ @ [PPAREGIW Ab,d\ alall (e M éﬂ\ eﬁd}.aﬂ
1Aa)sl) alag) & asyg « Na,CO5 o 3ol

;i ¢ 5,00 mg 4 500 mL J) & Na* J) 43);

mmol

M Nat = 5.00/23.0 _ 4.35*10—4

500 mL mL

Na,CO; = 2 Na*

N ga Qe Cinia o gad guall Y ga 238 () ode] Adaall B el gll (1
.Na,CO5 J S 5 dinda a 33 gl 38 53 o) (s Laa < Na,CO5 I

Mnaz2cos = 4'35*210_4 =2.17*10*

asaa Jslas 84 Na,COz ) Adjy quuad ciS Allall caal V1
J) gl dra ¢ Ugu Ul 25 ¢ 2.17*107* M 538555 500 mL
Gyl e deasil FW JL mmol J) cayas & (s mmol Na,CO;

8 ilaal) 4Dl alasinly Gy Jads f ¢ ikl

mg Na,CO3

s Molarity * Volume (mL)

mg Naz;€0s _ 517 410~% * 500

106

mg Na,CO; = 11.53
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J ey @lldy ¢ Ul dabiae daudsy Aladl Ja 5l (Kedll (e
Lsll Glua Wz « mmol NaCOs J lus & (a5 « mmol Na*

t UK ¢ A st
ppm = Mna" * FW * 1000

10.00 = Mna" * 23 * 1000

Mna* = 4.35*107*

mmol Na*=4.35%10"** 500 = 0.2175
mmol Na,CO; = 1/2 mmol Na" = 0.10875

mg Na,CO; = 0.10875*106 = 11.53 mg

109



110



s Jalatl) il s Juail)

Zayee Ayl 53l e Apusya sole A} 2y ¢ Jlaill e paill 1
Aty 4nati ofaall o ¢y Y Alsgmal) 52l Jasm 2 ¢ LS
Balall S Clua oy bl A)s Aal ey )y Adjrey Adialy
1S ¢ Ll Jilise Janl (g ey Jilisall (e g5l 1305 ¢ A gganall
Assume that excess AgNO; was added to a 2.2226 g
of a sample containing CrO2". if a 0.3251 g of
Ag,CrO, (FW = 331.73g/mol) was obtained, calculate

% Cr,0; in the sample.
o) ) csa aml s Ao sy ga Al ) Qg sl Jol
OSaal) (g bl (e L ASaally ¢ Ll oy AN Balal)
A0 Lalaal) 456

2 Ag,CrO, = Cr,04

aaly Jse oY iy 2 8 ) cga aae Uy L Aiadle canyg
il Aalaall (0 AY) Cishll Laly ¢ ag Sl (10 Jsa Ao gging 4
Apadlly Aalaal) @39 Al (B g N3¢ ¢ ag Sl (e dse 2 Mo
WY ¢ gAY cligSall ol algall sLEBU o3 Wy ¢ Lglilad afall 5alall

A ggaal) Balal) luay Ja8d 1 galiga

fob LaS ellly ¢ cgall dany Lalad) A8l i (¥

Cry03 ciga a3 Ly ¢ 2 g4 Ag)CrO, J) clga s (o galgll (1
J) CN¥sa s Cinda AQ,CrO, J cNse 2 o (Fay Vg ¢ 1 8
;5. (FW = 152.3 g/mol) Cr,0;
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No. of mol Ag,CrO,= 2*no. of mol Cr,04

se 220 o Cipha S auiiy Lad LS Aleadl 85k 33b ¢ Al
:Aél..gh&c

(No. of mol Ag,CrO,)/2 = (no. of mol Cr,0;)/1

¢ Aggine Alud) i (Vs odlel Aalaal i o Joans Gaillall g
14 gyl MMoOl J) 3Dl aladinly s of Wle ) Cus

mg mg
(W Ag,Cr04)/2= (~ Cro0;)/1

325.1 ) mg
(331.73 (152.3

Cr,05)/1
mg Cr,0; = 74.6 mg

o _ _74.6mg o/ — 0
) Cr203 22226 Ma mg*lOO/O =3.4%

1Y atomic weight J) Clus DA e 2ty AT i (g dllie olliag
atomic weights JI waail gkl aladin) & a8y ¢ bl Gl

relld Ao Jla b Lady ¢ (o) Jsaall jualic e paall
Silver in a 0.5000 g of pure silver metal was dissolved
in aqua regia and Ag” was precipitated as AgBr (FW =
187.772 g/mol). Find the atomic weight of Ag if the

precipitate weighed (0.8701 g.

112



mmol Ag = mmol AgBr

mg Ag o myg AgBr

AW FW
500 870.1
AW 187.772

AW of silver = 107.914 g/mol

G e ol e o Al Al bl Ll Sed)

Al (A sl Clas amjan ¢ aiall
Silver in a 0.7877 g of pure silver nitrate (AgNO;, FW
= ??, Assuming atomic weight of silver is unknown)
was dissolved and treated with excess NaBr where
Ag’ was precipitated as AgBr (FW = 187.772 g/mol).
Find the atomic weight of Ag if the precipitate weighed
0.8701 g. (assume the atomic weights of N and O are
14.000 and 16.000 g/mol, respectively)

mmol Ag = mmol AgBr

mg AgNO3; mg AgBr
FW AgNO3 FW AgBr

787.7 870.1
FW AgNO3 187.772
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FW AgNO; = 169.990 g/mol
:Ag A Lﬁ)m ol claa (Sl UAAgN03 JFW I clas (s
FW AgNO; = AW Ag + Aw N + 3 x AW 0

FW AgNO; = AW Ag + (14.000 + 3 * 16.000)

169.990 = AW Ag + (14.000 + 3 * 16.000)

AW of silver = 107.990 g/mol
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s |gilly (alaal) ciplaa zagll) Juadl)

nsovel) Al Glua LS e daaly 5% Ll 06 ol & Y ¢ Ay
S8 S iale e Jadd ol ¢ oasly ald cuilS glsn ddlinddl Jlaall
fe Umen Sie ¢ mad) lgmes ae Bldll 6 dlsall Jelin Y Gua)
¢ AEyall el pe (maall o ¢ oAl Bacl pasaclE Sl ¢ AT e
Jallaal Jim g ynel) o8l Gl A4 Zaalyal Bagall g ey (Sl
oalaall ¢ Al aelglly (mlaal) ZOLls ¢ Ll acldlly (alea)
¢ dabiiall Jdlaad) ¢ dimall actall ¢ Cpag el 3aasia g dpalal Al
e ol Wl az)lly ¢ Al aclilly aleal) Z30 ) ddl)
1 SAL paall ey Wl ey ¢ Bpleall Jilue g Ulals DA elly
S A cdlelaad) o< e il (i datdadl bl ae Jalails
Jall Ayl s (gy5 pall (g il LS L da) S U @l s ¢ ddmaa
Sl e uagyued) osl Jeli e Jalein of bl Lliails

rie WS 1T Aty Lily Gaenl) e S g0l

A sl s ghl) aa Aygill aleal) cfylaa

Find the [H'] of a 20 mL solution of 0.1 M HCI after
addition of 5, 20, and 30 mL of 0.1 M NaOH.

Equation: H" + OH™ = H,0

Laily addiiade WY 460 Lo Ay ¢ Ualeal) U aag o) B
as LY mmols ) e (S By ¢ edlelitall g 1:1 das
dle g ¢ Bylaall OOl apan B Ll JoUR piad ad (g ¢ Joliia S
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OF gy Jo il aay Salad) Jiud 4u<iy sale JS (m Al quad
r el any ¢ hhua optalal asf e Al ¢S

OH™ ) 0 5 mL ddla) aie Y

mmols before addition 2 0.5

Quantitative reaction H* + OH- - H20
mmols after addition 15 0

Final Concentration 1.5/25

Os e Al s o geiag @ Jelaall of malg) e
Tldaan Jolaal) Jra Laa ¢ Cpang gl

1 = mmol __ 15
[H ] totalmL ~ 25 0.06 M

S e wN Cpagoigd) Gl Aad Jlaa) i A SML paal) Gy
P g0l S gl 401 i ¢ sl

[H lwater = [OH leom = 1.67*10° 13 M

a3l oY el el Ll ity . SK5 alSE Wy Alaga dpaS A9
& aeond) gl o Gua ¢ plall dSE L& Gagsugd Os o
Al o ¢ s 81 Slal Jan JUEY plal) SSE Jaay Lea ¢ jida gl
Ol Jaad ¥ 3 ¢ cligtilly palaal) cilplaa Jla Laily sdag . Alaga dsas
Ga a8 Cpag gl ol S5 sl ) SuSgongl) S5 s
ool 35 ss of Ji Y LS ¢ pdaaa Jslaa B s (sl dlsis
(sLal) ISES o a2l muaSgoagd) sl 385 b ) Cagutgd)

gl Jslaa b s
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: OH™ ) ¢ 20 ML 4éla) wic =Ll

mmols before addition 2 2

Quantitative reaction H* + OH- - H20
mmols after addition 0 0

Final Concentration

o3 (f Amy 13y ¢ Bacldl) §f pmeal) e ol Bi Al 4l lin sl (e
gl saadl gas ¢ sl ga bl (&1 ¢ el Alad s Al
Ll (5] aaiid ey ¢ Allall o3 2Sinells Gamg pael) Ui
tomneuel sl S5 e Jsanll

H,05 H* + OH'

10 = [H*][OH]
O S Gsbe o) sl 385 00 S AE sie o)
GV iy oLl GISE die g ¢ plall sa demsll Letyas Y ¢ a0l
PS5 paelly ams el Gl e sladia dae

10—14 - [H+]2
[H+] =10"M
: OH™ ) e 30 ML déla) aic
mmols before addition 2 3
Quantitative reaction H* + OH- - H-0O
mmols after addition 0 1
Final Concentration 1/50

Gl U pe clels ddliad) auSoingll S o) Lzl (e
OSars -Jstaall (8 2S5 nell el e B3l Wl maaly ¢ Gangyugl)
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saall e 4t mmols Jl ade deudy anSoynedl sl 585 Glua
tslaall gl

[OHT] = mmol — %: 0.02 M

total mL
AL e ¢ anguel osl S5 Glea (Sa (Y
107" = [H*][OH]

107" = [H] * 0.02

[H+] _ 10e—-14 _ 5*10—13 M

0.02

Aaliy @lldg ¢ Jelal) daiy Ligs o) Ll Alladdl 028 8 Lafl el (e
swasd g oaadied) cuddl s el el e Jelall dagn oY
sn AT Lol cllia ola (Alsladl) b lld S 5y o ly) SIS L Jilladl
@ Umen Jelit (e 423l 1Y Lella) 2 s3le L 585 NaCl =Lal
sl a4 el pe delin ¥ AU sl oY a Vs ¢ Ay sacldy
5 asasall s Ol SIS ¢ Tan A Gy by (gsil) Gaeall Al
oo delin ¥ Ll sed ULy ¢ Bl saclill (33 Tan Clunia mes
Cnsuel) sl e G A Al s aa Y Ml ¢ L

el SE e il a5 el
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uSally Aimial) o ghl) aa 438l Lalaal) cplaa
A JEa ) et

Find the [H'] of a 20 mL solution of 0.1 M NH; (K, =
1.8*107°) after addition of 0, 5, 20, and 30 mL of 0.1
M HCI.

Gyl el Al Gaeall e Jaad G ¢ Al LS By i
U mmols J) ase Jaas o (pag ¢ alad WS Tan Gl 380l ()5 ¢
GBS cnd Dualy ¢ DYl ays J8 milslly cdleliall e 2l

(s el e Je il LiSay il ) sall Juid) Anilally i) ol gl

HCI ;e 0 mL 48Uz aic :Yy

mmols before addition 2 0 0
Quantitative reaction NHs + H* - NH4*
mmols after addition 2 0 0
Final Concentration 2/20

Jisadls « HCI (of dila) Jd 0.1 M NH; e gsing Jolad) gk
¢ 5s€aall LigaY) Jolaal HY ) dad oy a1 oY)

@l G Aalay gai ¢ Jelad) 13 HY O 585 Gl adl e Lialas
OsSE Cumy Y aadian Leodaley ¢ LiseY) o Jaady ol 8 ol
silaladd) [l Jte 4LSY) sall)

0.1 0 0
NHs: + H20 hry NH2* + OH-
0.1-x X X

Ko = [NH4"][OH]/[NH3]
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X*X

*105 =
1.8*10% = ——

Aleall Jaus ¢ 0.1>>>% o s Alaa)) da Jestl ¢ 3alllS,
Gla (gpall ey ¢ X = 1.34*%107 Cus ¢ X ded e Joass
poh LS iy ¢ Wiz il atl) Uil

«10-3
Relative error = % * 100% = 1.34%

0.1>>>x )} Lz 8 %5 (e S8 o) Waddl o) Loy ¢ agley
U"_\...\; « X = [OH_] ul& gjtdhj ¢ :\A:\M

[OH]=1.34*103 M
Aaleall (e [H] U1 4l oY) Sl (g
101 = [H*][OH]
101 = [H*] * 1.34*10°
[H]=7.5%10" M

Hleie ¢ Jilusall (pe Taae Lol ¢ 88 el cye el 128

1. Find the [H] of a 0.1 M NH; (k, = 1.8%107)
solution.

2. Find the [H'] of a 20 mL solution of 0.2 M NH,CI (ko
= 1.8*107°) mixed with equal volume of 0.2 M
NaOH.
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HCI o mL 5 déLa) aie L3k
mmols before addition 2 0.5 0
Quantitative reaction NHs3 + H* - NH4*
mmols after addition 15 0 0.5

Final Concentration 1.5/25 0.5/25

oo Bylalie 4peS (588 3 o HCL J) e 30aS i) o) eaalsll (10

@sing ) Jolaall 8 cpngoned) sl S5 dad aas il
ia ¢ dgall el ggimy 5 ol Ao
1.5/25 0.5/25 0
NH3 + H20 s NH4* + OH-
(1.5/25)-x (0.5/25)+x X

Aala) (30 Ay gmnall SN A2ty 38le Gaygail) Liad (Saall (ha
DS J8 Sl S ¢ i Sal Y1l (Y X Al )k

- (NHS) Spsall (s asny

b=

((%Zm)*x

25 ¥

. 0.5 £ e wee N
:u.‘ﬁ dma.i Alalaal) JAAJ 3 ((E) > X) Cﬁ Al ¢ OY‘J

x=54%x10"3

Aﬂhj‘@bﬂ\mmcg\gﬁMdi@wﬂ\&ﬁ\gMau
;o
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X =[OH]=5.4*10° M

And [H*] = 1.9%10° M

A A Ol Legd allay ALelS Allie Lolai 18185 Alsall (e 63l 12a

Ve 0.1 0 5 ML Zéla) e il buffer JI Jslaad sy yugl)

Jild) e 220 ) ddlaa) ¢ WiseY) (e Vs 0.1 20 mL ) HCI
Hleias ¢ 5,3

1. Find the [H] of a buffer solution having (1.5/25) M
NH; (k, = 1.8*107) and (0.5/25) M NH4CI.

2. Find the [H] of a 10 mL solution of (1/25) M NH,CI
mixed with equal volume of (3/25) M NH; (k, =

1.8*107).
HCl ; mL 20 ddla) aie WG
mmols before addition 2 2 0
Quantitative reaction NHs + H* -> NH4*
mmols after addition 0 0 2
Final Concentration 2/40

At ays ¢ NHy  J) 48 Lol Jolat HCI ) 48 dila) of el g
cilgad dy o salsall ddai) NH;y J) T H™ U1 e 408 6 (303 ol 2alay!
S5 Gl S S ) sl Jsaty o815 ¢ NH,T ) LS L s
Jyanl) Gillaziy ¢ ddass 4laYly € NH™ J) Jolaal cngpned) s

radandy ¢ sald) @l gomy ol o e

2/40 0 0
NH4* s NHs + H*
(2/40)-x X X
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= 2 _
40 X
DL e ¢ Kg Al alay) (gyg 0l e OV
ko ="2= 10"1*/1.8%107° = 5.6+ 101°
b
. 2 : .
x= 53%10"°

rol addes ¢ Al )y Lee ¢ dan e adl aaanail) Uadl) Qs
x=[H*] =53%10"°M

) A s L by A0S Al Ll 1018 ALl (o o3 Vg
tie ¢ ()AY) Jluaal) (e 230 8 Jslaal Jns yugl)

1. Find the pH of the solution resulting from mixing
equal volumes of 0.1 M NH; (k, = 1.8%107) and
0.1 M HCI.

2. Find the pH of the solution resulting from mixing

equal volumes of 0.1 M NH,CI (k, = 1.8*10_5) and

water.
HCI s mL 30 4bla) sic :lay
mmols before addition 2 3 0
Quantitative reaction NHs + H* -> NH4*
mmols after addition 0 1 2
Final Concentration 0 1/50 2/50
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ALyl @l aeys « NH3 U 308 (e S HCH J) 43S ) eaalsl) (3
Sy HY Q) e 30l lia maal iy NH3 J) (e 208 1 iy o
OSar S t ) ) Jsat (V15 ¢ NHET ) LS Laga¥) clsas
¢ NH, Jis H O e Iadall Jelad gaagynell ol 585 iloa
¢ sl b gginy o) gl e Jpanll ks ¢ Adapy DY)y

0.04 0 0.02
NH4* 5 NH3 + H*
0.04-x X 0.02+x
(0.024+x)*x
@ 0.04—x

e iy ¢ ) Cllall 8 LS ¢ Ky Rad dlayl (gys el e oV
ALl

kg =% = 10"14/1.8% 1075 = 5.6+ 10710
k

b
tle Jast dalaall Jaug ¢ (0.02 > x) o) G ¢

x= 1.12%107°

told e s ¢ Apaill ) lee ¢ Tan s 4l an al) Uil Gl

[H*] =0.02+ 1.12%107° = 0.02 M

A A Ol Lt allay ALelS Allie Lolai 18185 Alsall (e o3l 12a
5 NH Jl e Nse 0.04 000 laa e gsing Jolaal ing gl
Jle 32c delua (Sadll (e ¢ Liad e HCE J e Ve 0.02

tie ¢ edadl 13 8 Jall (i L (S
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1. Find the pH of the solution resulting from mixing 10
mL of 0.08 M NH,CI with equal volume of 0.04 M HCI

S eiad dglia Ll 3 ¢ A Bl da e Tl o6 o s WS
Al Al Alial) eSS

1. Find the pH of a 0.1 M HOAc solution (k, = 1.8*10_5)

2. Find the pH of the solution resulting from mixing equal
volumes of 0.1 M NaOAc and (0.1 M HCI.

3. Find the pH of the solution resulting from mixing 10 mL
of 0.1 M HOAc with 10 mL of 0.1 M NaOH.

4. Find the pH of a 10 mL formic acid solution, HA (ka
1.2*10‘4) after addition of 10 mL Of 0.1 M HCI.

5. Find the pH of a 10 mL solution of 0.1 M NaCN (k,
1*107'%) after addition of 10 mL of 0.1 M NaOH.

O ST o gsiay dimd Ghaas Bplaad Allaa Ja B I (V)

agh bacl e ¢ (Cuaguigd) aie) Cag (g

Find [H'] of a 20 mL of 0.1 M H,CO; (k,; = 4.3*1077,
ks = 4.8*107"") after addition of 0, 5, 20, 25, 40, and
50 mL of 0.1 M NaOH solution.

0 mL of NaOH 4ila| aic :Ys

dila) Jd Lot Hy)CO;  Jslae e ol Ll alas off 23 Y ¢ o)
)l dad Juala dlagl Ge 3 Y & Gy ¢ bl e ana
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Sl Jlaals asis ild 100 (e ST dagitll <l )y ¢ JE) e J5Y)
Y- Al eda = cangnell Ol 35 dad e 0l Y ¢ JB
Jagr by ¢ &le go 8] Al Juals ol ¢ Jaidllys .83 IS
At I8 iy Jolaall (b Oangpnedl sl 385 o) s ¢ S el

t sy el e JalS

at/ Koz >>> 100

0.1 0 0
H2COs3 s HCOgzs + H*
0.1-x X X
K X *x X
01 —x

DX A olag) Sy 0.1 2> X o G e sl
x=2.1¥10"*
POl e s ¢ Alage dad Al aa awil) Uadl) Gad Ciluays
H7=2.1*10"* M
385 olun 6K ALIS Alliee I o el e Al (e e 3all 138

Gas ¢ Cpagodedl daie Gaes say ¢ HyCO3 Jsladl cpmgyngdl o
tdie ¢ Lol Jall et o Al 520 42 Lua (Sad)

1. Find the pH of a 0.1 M H,CO3 (ka1 = 4.3*107, kyp =
4.8*10) solution.

2. Find the pH of the solution resulting from mixing 10
mL of 0.2 M Na,COs; solution with 20 mL of 0.2 M
HCI.
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5 mL of NaOH 4éLa) xie ;L

mmols before addition 2 0.5 0

Quantitative reaction H2COs3 + OH - HCOs + H20
mmols after addition 15 0 0.5

Final Concentration 1.5/25 0 0.5/25

topel ) ola) e 3 Y goally

Slos ¢ aaly Jolae 8 beding of oSay ¥ saclilly Gaaall of L1
Jelall dagm g off Laaaal

Osd el ¥ Gumy ¢ mpall A aeall ge sacll) Jelis of L2
ISV elgil Jd G Gans yugl)

OsS5 Aty ¢ Adliad)) sac @l ae Jeliy paeall Gary of maalsll (e
A (e abite Joae ga5 ¢ H)CO3/HCO; e (g5iny Jslas
23 (b g uel) sl S5 Aed Clea (Sadl (e LAl aixc i
S X A liel) ol S e (gging G o J¥) OB e A

J(VSPRY
1.5/25 0.5/25 0
H2CO3 s HCOs + H*
1.5/25 - x 0.5/25 + X X
0.5
(5) + 0 *x
ka1 = —"7%
(55) —x

XxX=1.29+10"°%M

55 Ol 20 ALIS Allue IS o) cSaal) e Al e 3001 12a
20 mL of H,CO;3 ) 5 mL of NaOH  dila) sie (s yuell oo
tdie ¢ Jal) (i 0 Jilise 320 Aelua (Saal (g Ly ¢
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1. Find the pH of the solution formed when a (3/25) M
H,CO3 solution is mixed with equal volume of (1/25)
M NaOH solution.

2. Find the pH of the solution resulting from mixing 35
mL of 0.1 M HCI with 20 mL of 0.1 M Na,CO:s.

20 mL of NaOH il xic -Gl

mmols before addition 2 2 0

Quantitative reaction H.COs + OH = HCOs + H20
mmols after addition 0 0 2

Final Concentration 0 0 2/40

¢ () 5 Aad) Wb O ac ) ae Jeliy meal) o palgl) (g
el mle Jslae sa5 ¢ Lt HCO5™ o (gsiay Jsbae ()5S dailly
S5 e Cluas Sy wBaals dalls Aad e (s g (g hued) 222
Al 2 A sl aladiul diladd) e gsll 3¢l Gang el sl
OSar Cuag ¢ e Asall e il 138 o) G ¢ Jallaal) e g sill 13g]
G sase Y DS Gl &l By ¢ 3aelE ff (meaS Cipaly

tJ sl

[H+] — kalkw + kalkZ [HCOI):]
ka1 + [HCO5]

rodkef ABal) B (laygaillyg
[H*] =4.5+10"° M

385 ol 4080 ALK Ulie S8 o Sl (e Allisdl (e e 3all 1aag
20 mL of ) 20 mL of NaOH il dvie ‘s s
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sae dllia Lafs o Ald) oda 3 1Y) silal) 4 sy ¢ H,CO;y
tfie ¢ leda oDl Jal) S8 Cuay ¢ lgitbua oS il
1. Find the pH of a 0.05 M NaHCO3; (Ka = 4.3*107, Ka

= 4.8*1011) solution.

2. Find the pH of the solution resulting from mixing
equal volumes of 0.1 M Na,CO3z and 0.1 M HCI.

25 mL of NaOH il xic Gl

mmols before addition 2 25 0

Quantitative reaction H.COs + OH - HCOs + H20
mmols after addition 0 0.5 2

Final Concentration 0

Doall Lo gl g g paeal) pe Jeli saclll of maldl o
I e 83l sy ee HCO3™ o g5y Jslae (4588 dailly « HyCO;
&Y HCOs™ Jl e Jeliy (5208) a5 pel) of alas of lia gy « OH”
LS ellyy o Lilon) L Slelis dllia o8 adles o (Gaaen) Crmppis Slo gsiad

e
mmols before addition 2 0.5 0
Quantitative reaction ~HCOs + OH > CO3> + H20
mmols after addition 15 0 0.5
Final Concentration 1.5/45 0 0.5/45

05 Aailly ¢ 3l ga Joliyy HCO; ) Ly off ) o
A a alile Jelaa g ¢ HCO37/COY lo gginy Jslaa
G Oan) ool 585 dad Qlua el (e AR sy
L) ofalal NS e sty ua o I ) e Allad o3

H(oy of x Aad

1.5/45 0.5/45 0
HCOs s COs?* + H*
1.5/45 - x 0.5/45 + x X
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((2—55) +x) xx
ka2 = =773
(Z5) —

Xx=144x«10"1"M

[H*]=1.44+1071"M

S5 olua 480 AL Alie IS8 o Saad) e Aliall (e e3al) 12ag
20 mL of ) 25 mL of NaOH il vie ‘s sued) s
tJie o] Jilis Ly ¢ 150 0.1 Legia S 385 H,CO;

1. Find the pH of the solution resulting from mixing 15
mL of 0.1 M NaHCO; with 5 mL of 0.1 M Na,COs.

2. Find the pH of the solution resulting from mixing 20
mL of 0.1 M Na,COszwith 15 mL of 0.1 M HCI.

40 mL of NaOH 4dua) ais ;e

mmols before addition 2 4 0

Quantitative reaction H.COs + OH - HCOs + H20
mmols after addition 0 2 2

Final Concentration 0

Dpall Lo sl gy S paea) ae Jeli sac Wl o) gl (e
saly llia (Sl ¢ HCO; e (s5iay Jslae (685 dagilly « HyCO,
S yuell of Al o s cmys « OH™ J) (e (2 mmol) lays
ey (aen) Gimpw Slo gsins Y HCOs Ul ae Jelity (5209)

teb LS el ¢ Lala) LS Slelis dlln (a

mmols before addition 2 2 0

Quantitative reaction HCOzy + OH = CO#* + H0
mmols after addition 0 0 2

Final Concentration 0 0 2/60
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iLi A sday) Lid CO5™ o (giny Jslae 5% o L dagully
Claa Ol 4oy s f o gsing Y mle say ¢ (4 salsal
J s e syl abua Sy dslaadl G cngyngl sl 385

teh LS ellyg ¢ s Wl 3 COs™

2/60 0 0
COs* + H20 s HCOs + OH-
2/60 - x X X

caloa gy e Cigyma e Yl o ) Lis agin G agall (e

ol S

ky= 2= 211074

az

X *x X
kb=

2
(gp) —
¢ X Gad Glaa 050 2/60>> x o s e

XxX=2.6x10"3M

¢ %5 e uydad ag ¢ %7.8 LA\};MY.\M@M\M\QM}
¢ X dad Jlaa) oSa Y oals ¢ bl dlef dadl ot Jy b
ol Aaladd) (e x Al Gloa (Saas

385 Gl a0 ALK Alie J8 o Sl (e Allisall (e e3all 12ag
20 mL of ) 40 mL of NaOH dila) xie (pagyued)l oo
bda & Al salsil) Alads ag ¢ Vse 0.1 Lgie JS 385 H,CO;
s Jie ¢ odhel Jall (i L) Bl 3ac delua (Sadd) e Ly ¢ il

1. Find the pH of a (1/30) M solution of Na,COs.
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2. Find the pH of the solution resulting from mixing
equal volumes of (2/30) M NaHCO3; and (2/30) M

NaOH.
50 mL of NaOH 4iLa) sic :lawld
mmols before addition 2 5 0
Quantitative reaction H.COs + OH- -> HCOs + H20
mmols after addition 0 3 2
Final Concentration 0

Jslae 0)sS8 Aagitlly ¢ ol IS 52e ) pe Jeliy manl) of szl (g
ba g« OH™ JI (e (2 mmol) 3l s (KITHCO5™ e ggiay
e (gsiad Y HCos J ae deliy (320) Sy el ol ple ol

e WS el Lila) LaS Sle L llia () agle N (SEVEN ISTERPRI

mmols before addition 2 3 0

Quantitative reaction =~ HCOs + OH = COs> + H20
mmols after addition 0 1 2

Final Concentration 0 1/70 2/70

Jslae sa5 ¢ kit OH™ 5 CO5™ o gsiny Jolan ()65 L daills
O S5 Glas ol adles (@bl Slelin V) el e Jady
J 3y b COT™ J) e e alun S Jslaall 8 s gl

tob WS ellay ¢ OH”

2/70 0 1/70
COs* + H20 s HCOs + OH-
2/70 - X X 1/70 + x

Calaa gy ¢ g pma e O YD Gl o ) U 4 O agall (g

ky= 2 = 21x107%

ka>
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X * ((%) + x)

(F) —x

kb=

¢ X Gad Glaa oS0 1/70>> x o (s Sles
X=42%10"*M

¢ %5 oo JB ded sy %2.9 s il aad ol Uadll Gilayg
O3 dsms G adgia 13g) dagmia oDl Lyl o e Jy L
Cua ¢ [HT] dad Claa (Kays ¢ X0 dagd Jlaa) (S @l ¢ (jiiall

[OHT = (1/70) + X = 1/70 M
[H] = 7*103 M

O3 385 Glua A€ adlas LIS e Jobey i) (o e3all 12
(Rt LS ¢ OH™ Jls CO5™ U e Jasla e gsing Jslaad Gingp2sg)
e ¢ dall Gt Lt AT Jilue sae delua

1. Find the pH of a solution containing (1/70) M NaOH
and (2/70) M Na,COs.

2. Find the pH of the solution resulting from mixing
equal volumes of (2/70) M NaOH and (4/70) M
Na,CO;.

3. Find the pH of the solution resulting from adding 50
mL of 0.1 M NaOH to 20 mL of 0.1 M H,COs;.

4. Find the pH of a solution resulting from mixing 40

mL of 0.05 M NaHCO; with 30 mL of 0.1 M NaOH.
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g ¢ odel lgday Lad Al Al Luse B B oSaall (g
e . g 5b paan g dallad) cliadd) Basia 3ao B Sylaa oo dyaally

Find the [H'] of a 20 mL solution of Na;PO, (ka1 =
1.1*107%, ky, = 7.5*10°%, k. = 4.8*10'13) after
addition of 0, 5, 20, 25, 40, 45, 60, and 80 mL of (.1
M HCI.

0 mL of HCI 4La) sic Y

ddls) J Jaid NazPO,  Jslae ae Jobems Wil alas of 23 Y ¢ Aol
Bl A PO, J o 3l Jedaa a5 ¢ pasall e aaa Lﬁi
55 Gl oS @l ¢ gy gl e ggiad V¢ Al sl

telal) 8 lall QS8 e pilie S8 Jlaall 8 Cpng el o5l

0.1 0 0
PO4* + H.0O s HPO4* + OH-
0.1-x X X

Qpcy}\u\jY\@UwumUALYc@Hbj

ky= % = 21%102
kaz
ko = X * X
P 01—«
PX Al dlag) 0Se 0.1 3> of s s Gl
x =0.045
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O e ¢ (%45 Jsa) 55 Aied il an ool Uadl) dad sy

e JS e Slady G il Alalad) pladind iayy ¢ AkIA i )

X and [H']

S5 Gl a0 3LS Alle J o Saall o ALl (g 30) 18
Al bl 3axie 520l ag « NazPOy Jslaal (mg sl (sl
Jall (i am Al sae Aelua oSadll s ¢ Gamguel) e Alla

e ¢ Lol

1. Find the pH of a solution containing 0.1 M Na;HPOQO,
and 0.1 M NaOH.

2. Find the pH of the solution resulting from mixing 10
mL of 0.2 M NaH,PO, solution with 10 mL of 0.4 M
NaOH.

3. Find the pH of the solution resulting from mixing 10
mL of 0.2 M H3PO, solution with 10 mL of 0.6 M
NaOH.

5 mL of HCI 4iLa) aic ;L
mmols before addition 2 0.5 0
Quantitative reaction POs& + HY - HPOs# + H20
mmols after addition 15 0 0.5
Final Concentration 1.5/25 0 0.5/25

tonal ) o) e Y aakall

Sles ¢ aals Jolae 8 Gleding of Sar ¥ saclally (maall o 3

Jelill dags gy of Leaas

Osd el ¥ Cumn ¢ mpall A paeal) e sacld) Jelis o) .4

O elgiil J ) el
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O Aagillly ¢ Ablaall Baclil) aa Joliy paaal) pany of sl o
aixlly paea ( alila Jslaa a9 « POSF[HPOZ Ao (gsiay Jslaa
Aal) oda B Caaguid) Gl 55 Aad Glua (Saal) Gag A8l
o x Aad jliel) oialal) 38 o ggiag dua o GIE Y e

(e
0.5/25 0 1.5/25
HPO.* s H* + POs*
(0.5/25)-x X (1.5/25)+x

X * ((12—55) + x)

Koz = 0.5
(55) —x

(0.5/25) »> x o (agias salall€ Y1
X=1.6+10"3M
T80 ¢ g g il y ¢ 83 9 Y el U (f gl )
[H*]1=1.6 1072 M

385 ol 4080 ALK Ulie S8 o Saal) (e Allisdl (e e 3all 1aag

Ll liail) 5ot 3aclE (e (Fide abiie Jslaal Cpmgyngdl (sl

Jal i s Jilasa 520 Aelia (Sad) (o Ly L Lgd B3l (mealls

d.m 3

1. Find the pH of the solution formed when a (3/25) M

Nas;PO, solution is mixed with equal volume of
(1/25) M Na;HPO4 solution.

2. Find the pH of the solution resulting from mixing 20
mL of 0.1 M Na;HPO, with 15 mL of 0.1 M NaOH.
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3. Find the pH of the solution resulting from mixing 20
mL of 0.1 M NaH,PO, with 35 mL of 0.1 M NaOH.

20 mL of HCI 4l aie LG

mmols before addition 2 2 0

Quantitative reaction POs& + H* - HPOs# + H20
mmols after addition 0 0 2

Final Concentration 0 0 2/40

«HPO, ) \says PO J) S g Jelity aeall o malsl) (g
¢ () sl ald) Lis HPOZY o (goimy Jslaa (5S5 daills
Ol Giiad o gings Gamgoded) amie (el mle Jolae s
Aaainly dlladd) cpe gsil) 13g] Cpmspued) ol 585 Al Glus (S
¢ a3jie dsall e psill 13 0¥ ¢ Tl ade Gapll & G (gl
CEY) S Gl a8l (85 ¢ BaclE ) GmeaS Copeay of S sy

idslaall 8 dsasa

kaka + ka2k3 [HPOLZL_]
ka2 + [HPOAZL_]

[H*] =

a0 o Jslag ¢ lua Al ) ki) odef Al & (sl
(adiienal) (EY) culgip plall o tlad) cilindd) ey A8

[H*]=1.8*107" M

385 olun 06K ALIS Alliee I o el e Al (e e 3all 138
20 mL of )20 mL of 0.1 M HCl dila) xie cpagpnell ool
Laafy ¢ leall o3 & V) silall dhi ay < 0.1 M NazPO,

tdie ¢ lela odlel dall JS8 Cuny ¢ gt b (Say Jilise 330 dlia
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=

Find the pH of a 0.05 M NaxHPO4 solution.

2. Find the pH of the solution resulting from mixing equal
volumes of 0.1 M NasPO4 and 0.1 M HCI.

3. Find the pH of the solution resulting from mixing equal

volumes of 0.1 M NaH2PO4 and 0.1 M NaOH.

4. Find the pH of the solution resulting from mixing 10 mL of
0.1 M H3PO4 and of 20 mL 0.1 M NaOH.

25 mL of HCI déua) ais ey

mmols before addition 2 25 0

Quantitative reaction PO + H* = HPO#& + HO0
mmols after addition 0 0.5 2

Final Concentration 0

LS Mol dllia ol ades « HPOZY ) ae deliy HY JI Y S0

:‘_A:g LQS tﬂjd} ¢ JAX
mmols before addition 2 0.5 0
Quantitative reaction HPOs# + H* - H:POs + H20
mmols after addition 1.5 0 0.5
Final Concentration 1.5/45 0 0.5/45

IS e Jaidy alie Jslaa sa 0sSiall Jolaal) o o Laa Ul g
Osnuell sl 385 el Gl (Sedl (gas ¢ HoPOs 5 HPOGZ (s
b WS ellyg o Ul clsal) o

0.5/45 0 1.5/45
H2PO4 5 H* + HPO.*
(0.5/45) - x X (1.5/45) - x
1.5

(73) + 0=
ka2 = =05
(Z5) — X

X A Sy el a oS ¢ (22) > x of G e
XxX=25%x10"2M
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[H*]=2.5+10" M

S5 Gl a0 ALS Alle J o Saall o Allsall (g 300 18

20 mL of )25 mL of 0.1 M HCl dila) xie cpagpnell ool

: Jie a1 Jils Lady < 0.1 M NayPO,

1. Find the pH of the solution resulting from mixing 20
mL of 0.1 M NaH,PO, with 15 mL of 0.1 M NaOH.

2. Find the pH of the solution resulting from mixing 20
mL of 0.1 M H3PO,with 35 mL of 0.1 M NaOH.

40 mL of HC| 4dla) ais sluwald

mmols before addition 2 4 0

Quantitative reaction PO + H* = HPO#& + H0
mmols after addition 0 2 2

Final Concentration 0

LS dlelis dlia ola agley « HPOY Ul e deliy HY OV OB Y oS0

tl LS elliyg ¢ Al
mmols before addition 2 2 0
Quantitative reaction ~ HPO:s* + H* = HPOs + H20
mmols after addition 0 0 2
Final Concentration 0 0 2/60

cl) Lih HPOs o Jaidy osSiall Jolaad) of Gow Laa W cpaiing
Al Ay ¢ Baaly Al Ly Gmgyae o gfiny Cama aea
O e Ommesuel sl S5 Aad Glia Saall (g ¢ (A5 sall
LS cllly ¢ cpngynell smia Gaeall e Gudal) 23l aldly paldl

gk

kalkw + kalkaz [HZPOZ]

H7] = ko1 T [H,PO0;]
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a8 o Jslag ¢ lua Al Y ll) odef Al & (gl
(Aadiienal) CfEY) culghs plal) o Agtluad) culiadd) axe (py ABDNad)

[H*] =4.98 %1078 M

35 olun 680 ALIS e I o cSaall e Al (e e3all 138
20 mL of ) 40 mL of 0.1 M HCl dila) xie cpagnell ool
Aia Lagfy ¢ Allisall 028 8 460 53\l 41 a5 < 0.1 M NazPO,

Pie ¢ lela odlel Jall JS8 Cuny ¢ it lia (Say Jilua 320

1. Find the pH of a 0.05 M NaH,PO, solution.

2. Find the pH of the solution resulting from mixing 20 mL of 0.1 M
Na,HPO,4 and 40 mL of 0.05 M HCI.

Find the pH of the solution resulting from mixing 20 mL of 0.1 M
H3;PO, and of 40 mL 0.05 M NaOH.

45 mL of HCI 4dLa) sie :luilu

mmols before addition 2 4.5 0

Quantitative reaction PO + HY - HPO4s> + H20
mmols after addition 0 25 2

Final Concentration 0

LS el dlia ola agdey « HPOY U1 e deliy HY 01 OB Y oS0

rol LS dllyg o Al

mmols before addition 2 2.5 0
Quantitative reaction ~ HPOs* + H* - H:POs  + H20
mmols after addition 0 0.5 2

Final Concentration

Melis dllia olé agles « HyPO,™ U1 e Lad Jelitg H™ U1 Iy ¥ (<)
rob LS ellyg ¢ AT LS
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mmols before addition 2 0.5 0

Quantitative reaction H:POsZ  + HY > H:POs + H20
mmols after addition 15 0 0.5
Final Concentration 1.5/65 0 0.5/65

M o daidy aliie dlae s osSid) Jolaall o o Lae W) (il
BEPA O}:’i OS8 dad Glua (Saall ey ¢ HaPOs™ 5 HaPOs (10
tsh LS ellyg ¢ UV i) (pa

0.5/65 0 1.5/65
HsPO4 s H* + H2PO4s
(0.5/65) - x X (1.5/65) - x

((16—55) +x) *x

&) —x

kal =

X ad slay Al da (S (g) »> x of pap e
X=3.6+10"3M

S i lae ¢ (%47 Jss) Tan aS adl iy ol Uadlll Qs
(g) i) e 3l Alega Cand X i o Cum ¢ Bamill Uaa
385 ol 4080 ALK Ulie S8 o Saal) (e Allisdl (e e 3all 1aag
20 mL of ) 45 mL of 0.1 M HCl &Lzl sic (pas el sl
: Jie 58] Jilue Lady < 0.1 M NasPO,

1. Find the pH of the solution resulting from mixing 20
mL of 0.1 M H3PO, with 15 mL of 0.1 M NaOH.

2. Find the pH of a 20 mL solution containig of 1.5
mmol of NaH,PO,and 0.5 mmol of H3PO..

3. Find the pH of the solution resulting from mixing 20
mL of 0.1 M NaH,PO,4 with 5 mL of 0.1 M HCI.
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60 mL of HCI déLa) sis ;labu

mmols before addition 2 6 0

Quantitative reaction PO + H* > HPO#Z& + H0
mmols after addition 0 4 2

Final Concentration 0

LS Slelis dllia ola agey « HPOY Ul e Jeliy HY OV OB Y oS0
:‘_AJLAS&J} ¢ JAX

mmols before addition 2 4 0

Quantitative reaction  HPO:s* + H* = H,POs + H20
mmols after addition 0 2 2

Final Concentration 0 0

LS dlelas dllia (s adles « HoPO, ™ Jl g Jeling HY N Y
:‘_AJLAS&J} 3 JAX

mmols before addition 2 2 0

Quantitative reaction HPOsZ + HY = HsPOs + H20
mmols after addition 0 0 2

Final Concentration 0 0 2/80

hié HaPOs Ao Jaidy Jslan s osSiall Jolaadl o Gaw Laa W iy
Q}_j OS50 Al Gl (Sedl ey ¢ Cpagodgll dawie (aes sag ¢
Wy ¢ ((F2) 3> 100 Gand Jsla () I S G0 Gang s

a

L;g LS
2/80 0 0
H3POa4 s H* + H2POs
(2/80) - x X X
X *X
kal = 2
(gp) — X
X e oy Al Ja (s ¢ (%) > x o L e
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x=1.66+10"2M

) el las ¢ (%66 sa) Taa S 4 iy el Tadd) Qs
Uy - (55) Bl on il Aaga il X 208 0l Cm il s
ac delua (Saall ey X dad alag) (3 day ) Aalaall pladind e 2

feh WS @lldg o Jall Gats L 6y Jiba

1. Find the pH of a 0.025 M H;PO, solution.

2. Find the pH of the solution resulting from mixing 20
mL of 0.25 M NaH,PO, with 80 mL of 0.0625 M
HCI and diluted to 200 mL.

3. Find the pH of a 40 mL of 0.05 M NaH,PO, after
addition of 40 mL of 0.05 M HCI.

4. Find the pH of a 40 mL of 0.05 M Na,HPO, after
addition of 40 mL of 0.1 M HCI.

80 mL of HCI dila) xic :lial

mmols before addition 2 8 0

Quantitative reaction POs& + HY = HPOZ + H20
mmols after addition 0 6 2

Final Concentration 0

LS el dlia ola agdey « HPO,Y Ul e deliy HY 01 OB Y oS0

:%A’-" LAS &ﬂjdj ¢ JAI
mmols before addition 2 6 0
Quantitative reaction HPO#Z + H* = HPOs + H20
mmols after addition 0 4 2
Final Concentration 0
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LS el dia i agles « PO, Ul e Jelig HY ) Jy Y o)

:GJ..Q LQS &ﬂb} ¢ )A‘
mmols before addition 2 4 0
Quantitative reaction H:PO#Z& + HY = HsPO:s + H0
mmols after addition 0 2 2
Final Concentration 0 2/100 2/100

5 HaPOs Ao Jaidy Jlae s osSiall Jsladd) o o Lae W iy
I el e el Ol S5 el Clia (Sedll ey ¢ H
ol LS el ¢ (("“1) > 100 faud Josla o)

ke
2/100 2/100 0
HsPOa s H* + H2PO4
(2/100) - x (2/100)+x X
2
- (1_00) X
al — 2
(Top) —*

X Aaf alagly daleall Ja Sy ¢ (1(2)—0) >> x o sap e
Xx=11+x10"%M

) sl Les ¢ (%55 sa) T S Al oy el Tadll Gl
2 bR FESR M ot - e o« . s Yo i .
(E) i) e 36l Alage ol X Aad of i ¢ Apmill Uas
t e ¢ Jilusall (p Tane Lol ¢ 818, Alisall (ya el 128

1. Find the pH of the solution containing 0.02 M H3PO4
and 0.02 M HCL

2. Find the pH of the solution resulting from mixing 50
mL of 0.04 M NaH2PO4and 50 mL of 0.08 M HCL

3. Find the pH of the solution resulting from mixing 50
mL of 0.04 M NazHPO4and 50 mL of 0.12 M HCL
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slall B Olodl) dagad oY) ol Adlatial) Jilesal) :ualdd) Juadl)
Al G o el ge A ddlad) gl e gl duad dlla
tod Jilladdl o3ay ¢ g Lol damd ~ DY
Dbl el 8 dgld) L]

Aiide ol 355 o Al

2
Y1 Gl e daliae cligd a3 Ak L3
5

complexing agent sy 4 Al .

Al el e g5t S b ol Aaaas Y1 ) Auby fad V),

gl dsas 8 Aalaall Z DU LY apai Ll alall ae ¢ Jlladl)

A s lal) Jslaa B Ayl oYl

Find the solubility of AgCl (FW = 143 g/mol, k, =
1#*107') in pure water. Report the solubility in g/L.

i Jlsaad) 8 Loy o Lo haiall L) 8 i) G Ll Ly 3

pol LeSa Jall L ¢ elld

0 0
AgCI(s) s Ag* + Cr
s s

kg, = sx*s

S A dlagls Aaleadl Ja oSy
§s=1x10">M

I Ap¥sall capmy @iy (G/L) A AVse o Jisaill (Sadll g
FW
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S=1%10">*143=1.43*103¢g/L
t e ¢ Jilual e Taae Ll £ 8185 Alal e o)l 1a

1. Find the concentration (in g/L) of dissolved AgCl in the
solution resulting from mixing 10 mL of 0.1 M AgNO;
with 10 mL of 0.1 M NaCl (neglecting the diverse ion
effect).

taA] Al ) B3 cSaall (hag

Find the concentration of PbBr, (in g/L) in pure water

(FW = 367 g/mol, kg, = 6.6*10'6). Find the [Pb?"] and

[Br].

0 0
PbBr2(s) s Pb%* + 2Br
S 2s

ksp = s * (25)? = 48
S Aad alagly Aoleal) Ja (Say
$=0.012M

O b Apsall apm ity (/L) Y Vse e dasnill (Saall (e
FW

s =1.2 %1072 *367=4.34g/L of dissolved PbBr.

[Pb**] = s = 1.2*102 M and [Br] = 2s = 2*1.2*10% =
2.4%1072 M .
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P e ¢ Jilaall (pe Taae Lalas £ 1S5 ALl (ya e3all 128

2. Find the concentration of [Pb?*] and [Br'] in the solution
resulting from mixing 10 mL of 0.1 M Pb(NO;), with 10
mL of 0.2 M NaBr (neglecting the diverse ion effect).

iidia gl Jslaa B Ailighl) <Ll

Find the solubility of PbBr, (FW = 367 g/mol, k,, =
6.6*10_6) in a solution containing (0.1 M NaBr.

0 0.1
PbBr2(s) s Pb%* + 2Br
S 0.1+2s

ksp = s % (0.1 + 25)?
0.1 > 25 o Gy clldy s dad alagls alaal) Ja (S
$S=6.6+10"*M
PDF ) 585 (gsles Alsdl o LSAL saall e

[Pb?*] = s = 6.6+ 10~* M

Gn) S Al Y el Wadll ) Cus ¢ dnaia plally du il
93 b JB Aldl b mly a LS Al o ades ¢ (%1.32
(A o JEall e Aangitl) 0)08) ljiiiall (5!

tJie ¢ Jiluall e Taae Lol £ 8185 Alal e eiall 12a
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1. Find the concentration of [Pb?*] and [Br] in the solution
resulting from mixing 10 mL of 0.1 M Pb(NO;), with 10
mL of 0.4 M NaBr (neglecting the divers ion effect).

t AT Jla ) il

Find the solubility of AgCl (FW = 143 g/mol, k,, =

1*107'% in presence of 0.1 M NaCl. Report the

solubility in g/L.

t IS ¢ Jpanll ol fas

0 0.1
AgCI(s) s Ag* + Cr
S 0.1+s

ks, = s%(0.1+5)
0.1 > 5 of pa clliy s dad alagls dalaall Ja (Say
Ss=1%x10"°M
AT J) S5 s Anlsd o JSAL aaall e
[Adl=s=1%x10"2M

adey o Sy Al Y sl Uadl) o) Gus ¢ dagaia aokally Al
) sy b am S ISy J8 ULl 3 maly g LS Ayl ol
(JsY) Dl pe dngiil) ())l8) &l jiiall

s=1+x10"°M

Jl (B A¥sall Cpemy @lldg (G/L) A A¥se e dagnill (Sadll e,
FW
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s =[Ag*] = 1+107° *143=1.43* 107 g/L
t e ¢ Jilual e Taae Ll £ 8185 Alal e o)l 1a

1. Find the concentration of dissolved AgClI in the solution
resulting from mixing 10 mL of 0.1 M AgNO; with 20
mL of 0.1 M NaCl (neglecting the divers ion effect).

(Diverse alida clsl o ggind ) Jdlaall B bl (GG

ions)
WY e sl @lyy) dlb dahdd) GligYL dpaidl of S
¢ Ay sacliy 5 paes (e Slal LSy oLl b a4y 45 )
dagad sald) ol oo A3l i) 4 Y Ll ddiae Lleay Ly
AL LS adles oLl 8 GLsil) mems AGCS J) D ¢ s Lall 3 (LAl
O il G agles ¢ oY) die el 8 A3 6 CF 5 AGT Ul (e
)l gl e dabide Cligl o 4li Ly CIO, s NO; 5 Na

alall

Find the solubility of CaCO; (ksp = 3.4*10'9) in a
solution of NaCl where f.,2*, fco3>” are 0.83 and (.79,
respectively. Compare the calculated solubility with

the solubility in pure water.

0 0
CaCO:s (s) = Ca? + COs*
s S

ksp = aCO32‘ * Aeg2+
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aj = fi(;
S dad alagly dalaall s (S
Kep = (5 *fco32_) *(s *f0a2+)
3.4#107° = s? * 0.83*0.79
$=7.2+x10"°M

Aapad) Gledl asag Y Cia ¢ A e L) Al syl Sadll (e
LS oY) ol S oS o s ¢ foa = Toosm =1 o Sl ¢
e

3.4*107° = s*s
$=58x10">M

Gl asms Alla A Al 8 sall A Glus cSadl (e
ol WS ¢ dahia)

%increase in solubility
__ solubility in presence of diverse ions—solubility in water 100%
- solubility in water ) 0

. . 1 7.2x1075-5.8%107>
%increase in solubility = ¥100%

5.8¥10~5
= 23.5% .

53285 Aaga 33l Lowsd it A3 8 50l o3as

t e ¢ Jilaall g Toae Lalas £ 1S5 ALl (g e3all 13a
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1. Find the concentration of dissolved CaCO; in the
solution resulting from mixing 10 mL of 0.1 M
Ca(NO3), with 10 mL of 0.1 M Na,CO;, in presence of
NaCl, where £, f.of are 0.83 and (.79,
respectively.

(At low pH) s 353y A il sla)

BE Sy lly sl b ol dapad LS Al a (alead)

AgCN, CaC,0, CuS, Ui« Cimia (e (e bl lgd 52 ldl)

& el BAl maw (meaall dsag oY Ablay ¢ e, o MICO;,

Al e uh lee ¢ Cmall (meall 0S5 3ale b plall
8|9

Find the solubility of CaC,0, (ks, = 2.3*10_9) in presence

of an acid solution where o, is 0.057, and compare it to

the solubility in pure water.

0 0
CaC204 (s) s Ca? + C204*
S (2]

[H)C0,]  axil pameall e delin C0,7 I of asbad) (g
e3ll 135 ¢ [Cr047] 8ypm o leie Ll eia Ay L [HC,047]
a8 Jala

ks, = s* a,s

Sp

1S dad alag)y Aalaall Ja oSy
2.3#107° = s * 0.057
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$=20x10"*M

LS V)l A0S @llyg ¢l el & dnbidl) alag) (Sadll (e
e

2.3*107 = s*s

S=4.8+x10"°M

Gl asms Alla A Aulsdll 8 salpl A lus (Sadll (e
fak WS ¢ dabiad)

%increase in solubility
__ solubility in presence of diverse ions—solubility in water

- — 100%
solubility in water 0

2.0%10"%-4.8%107°

%increase in solubility = T

> 300%

«100% —

Jan 558 et Lulgdl 8 5ol oda
t e ¢ Jilasall pe Toae Lalas £ 1S5 ALl (g o3all 138

Find the concentration of dissolved CaC,0, resulting from
mixing 10 mL of 0.1 M Ca(NOs), with 10 mL of 0.1 M
Na,C,0,, in presence of an acid solution, where o, is

0.057, and compare it to the solubility in pure water.
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Complexing agent s 2 4lsll) :luals

el Gy (3l oyrad) amds @35 e mldl oL L osale
e Jeliy 8 b (melal fon) oaalsll 3ally ¢ (Gaesll 5)uad)
Ay A ¢ complex (&l e complexing agent (ligand)
e Laa ¢ ligands () e Jelanl) & melal ions ) (e S Dl
st Lld AT e o« B s free metal ion ) S

e L oY) Aalee AU e al o)y W 585 ¢ 35S

Find the solubility of AgCI (ks, = 1*107'°) in @ 0.1M NH;
solution, where [, is 4*107°. Compare the result with the

solubility in pure water.

0 0
AgCI (s) s Ag* + Cr
Bos S

AGCl J) ey llys ¢ Liga¥) ae Jeliy il Ag™ U1 8 ales LS
Y e AGT J S5 old addes ¢ YY) (s ¢ glisdly

LPos caIL S8 e ein L)

Ag' + NHs S Ag(NHs)*
Ag(NH:-;)Jr +NHs3 S Ag(NHs)zJr

Ksp = S*BOS
5 e slay Asbadl Ja (S
1#107'% = 8% * 4*10°°

§s=50%x103M
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LS o) culi GBS @llyg ¢ il elall b Al alay) oSaall ey
gk

1#10710 = s*s
s=1x10">M

Gl asms Alla A Aubsdll 8 sall s Glua oSadl e
tol WS ¢ dahia

%increase in solubility

__ solubility in presence of diverse ions—solubility in water 100%
solubility in water i 0

5.0¢1073—-1%10"5

%increase in solubility = 1105 «100%

= very large
Ao 558 et Ll 8 5ol oda
t e ¢ Jilasall pe Toae Lala £ 0185 ALiall (g o3all 138

1. Find the concentration of dissolved AgClI resulting from
mixing 10 mL of 0.1 M AgNO; with 10 mL of 0.1 M
NaCl in an ammonia solution where B, = 4*107°.

:Agiledl) o)) ey (B Laag

sl ) a5 A JE .1

Diverse jons J) 2sas 4 day .2

(as the pH is lowered) jass 3;a5 A Moy .3
Complexing agent (ligand) 2ss A Jay .4
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G i) Cpalaa 1 Guabedd) Juadl)

e AGT D) Gl o e ulad JSG 68 ¢ gl e W
tan Glplaall e gaill 131 9k DG Gbag . COF, Br, [, SCN°

Mohr 44,4 .1
Llee eha) o 2 Yy ¢ @S KO0, JI aladin) 2y ey
Ll 3 mleat Y dadll Gilplaa 68 ¢ Jolaie Jay (A Bylaall
S alkl) Jean law « AGOH J) oSl lar sacldl
¢ 3pile Byulaa Bylaall Hiiady . paeal)l bl & KSCR0;
Oslae lazicly S0 Jsene 2slS Jslae sylas 53le 2y Can
AGNO; J) e il
Find the concentration of chloride in a 10 mL solution if it
requires 12.68 mL of 0.1033 M AgNO; to reach the red
color of Ag,CrQO,.
J ge deliy CF J) o Cun MmOl J) asgia aadinds ¢ oy Jal
d:1 s Ag”
mmol CI” = mmol Ag*
Ma™ * Vo = Mag™ * Vag'
M =0.131 M
Fajan 43,k .2
wliie al 4 Aluorescein J alasiu) au ddubll ods 4y
ol QB8 Lawy A by (Adsorption indicator) —i\sS
Ahaiul (Ray iy fluorescein J) olaxin) A & (DH ~ 8)
eosin ) Ju cliiial aal ahasiul & 1) duaeda SH daug
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MY o) dangll 8 Al Aiad CadlSl) Jesy o peall LCallSS
aen b Sl By saeld Jang Hladinl Jles ade e (e
5yilie splae Lfiny Liad Cbalaall (e sill 1aa 5 L (Aadl) Clylas
Calsll ol Jsaly Cua ¢ cllaall 8 oOke] Jlall iy adiys ¢
el ) il sl
Volhard 44 ) .
J e 82 LS dila) @DE s ¢ Sudlie e Splee 45
o B3 Blaa w5 ey (i) U Jolae Y AGNO;
33n5 b s SCN J) (e asld Jlae alaainly AGNO;
sie el ) sl e g Jeay 2 FE'T Casl))
Sleall (g sl 13gd cllalial sae 38T e 2 Yy L Agleal) A
tleaals ¢
O sl oV ¢ ada bl 0% o e (@
¢ Abiall d) Jalaall sl 3 s Sy ngd)
(2 o 8 pH lazid
Ay back titration ) Jee Jd Joladll mulii g (O
oeb Ny AGCT U (e Ay JiE AGSCN ) (N
& osSidl AGCT ) ae SCN™ Q) Jeliy ) (Sadl)
daaa e L) allial) Jeay lae ¢ I 3504l
Y dygme sale dilia) madi il Adee e Yo Kaall (e
A Jsladll sy nitrobenzene J) Jie ¢ Wb g5
LSCN ™ J) e die gy ¢ ) e gdiay
wms Gl g N blank fitration Jee Juady (C
Gl Aty xie Glll (& ) dyy) dean B ¢ Bjdiall
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148y al) 034 aladiialy Aplua Allaa Ja B BTl (¥

A 10 mL of a chloride sample was treated with 15 mL of
0.1 M AgNOs. The excess silver was titrated with 0.06 M
SCN" requiring 5.44 mL to reach the red Fe(SCN)* end
point. Find the concentration of chloride (AW = 35.5
g/mol) in g/L.

mmol Ag* reacted = mmol Ag* taken - mmol Ag* back-titrated
mmol Ag* reacted = mmol CI

mmol Ag* back-titrated = mmol SCN-

mmol CI"=0.1*15- 0.06*5.44 =1.174

Mc =1.174/10=0.1174 M

g/LClI'=0.1174x35.5=4.17 g
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Complexes (i WINA oy Al Gplaal) jaalud) Juadl)
(Complexometric titrations)

e metal jon Je\& e &G S e ble 4 complex )
o EDTA J) e metal ions J) Je\is inys . 51 5 aaly ligand
O O aal) e cpsmsal) 8 3 Ly Sy S cdlelil)
c ARl LS s Wil edle il o3¢ formation constant J) ol alas
Jals - cleliial (pe AL e (e V) ¢ LS Jelill o) oy 4l ine

to Lo LYY s 32l () cang sl 13 (e Al

Hpa Ge (o) delin 5 Ll olS ) Lails Jelall 44 2 .1
ol e Wil (5 Complex ) o ey ¢ G358 Jel&s
3sase 058y Ll a3ls pH U1 sy i EDTA (Y7) O Y .2
éJS.iS u}ﬁ Lﬁ_“,l.lj ¢ a4Cy¢;;LuJ ¢ 'é)}gaj\ a..JA ‘_Af— L@_IA (Rza 4‘:};
J s metal ion J) ;e dsluie Gl i Lm.u Y complex )
Y
Jsl 0158 Wily EDTA O ge metal ion splae cdels i .3
(quantitative) adl aaes A Jall 8 LS 4aS 55kl
O ssha ) JEn & ey ¢ OsSially el ol llag
LOsSially asiall dadl) ST Ol
sdgial) Adlecal) ) kit o
Find pCa in a 100 mL solution of 0.10 M Ca?* at pH 10 after

addition of 0, 25, 50, 100, 150, and 200 mL of 0.10 M
EDTA. aq at pH 10 is 0.35. ks = 5x10%°
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(b WS ¢ 1:1 diy metal ions J) g Jeliis EDTA J) of Wiy S35
Ca” +Y* 5 CaY* kr=5.0x10"
EDTA JI (e 0 mL déL) xic Y

P p LS opS5i i Cum psadll) 55 ey gl dllia
[Ca2] = 0.10 M

pCa = 1.00
EDTA ) ¢ 25 mL ddla) sie : Ll
Sl Jelal) Al ¢ Al
10 25 0
Ca? + Y+ > CaY?
7.5 0 25
7.5/125 0 2.5/125
Adadl) S0 0 oy a5 ¢ o5 a
7.5/125 0 2.5/125
Ca** + Y+ = CaY*
(7.5/125) + x X (2.5/125) - x
5X1010 _ (0.02 - X)

" ((0.06 + X)* a4 X)
X dad o Jiasni Aalaall daus ¢ 0.02 >> x O s sl
x=1.9x10%"

A5 Y anil) Uadll) da o G ¢ Aamia Al () aal l1 (e
Lot 1y ¢ S

[Ca**] =0.06 + 1.9x10* = 0.06 M

pCa=1.22

Leie ¢ Jilaall (pe Tane Lalas ; A Alial) (he ¢ 3all 138
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1. Find the concentrations of Ca®* in solution at

equilibrium resulting from mixing 50 mL of 0.200 M
Ca?* with 50 mL of 0.05 M EDTA adjusted to pH 10.
o at pH 10 is 0.35. ks = 5.0x10%°

2. Find the concentrations of Ca®* in solution at

equilibrium resulting from mixing 100 mL of 0.100 M
Ca”* with 50 mL of 0.05 M EDTA adjusted to pH 10.
o4 at pH 10 is 0.35. k¢ = 5.0x10%°

EDTA Jl ¢ 50 mL 4L e B

oSl Jelil il ¢ gy
5

10 5
ca* + Y+ - CaY*
5 0 5
5/150 0 5/150
Abadll 580 ) Clasny o ¢ o5 cas
5/150 0 5/150
Ca* + Y*+ s Cay#
(5/150) + x o X (5/150) - x
5
5x1010 = — 150 )
(Ggg) +®*asx)
X Aad o Jiast dalzall Jaag ¢ (150) >> X O gl
x =5.7x101

A Y ) Uadl) dad o Cus ¢ dagaia Al O a6l e

leim 1 ¢ S

[Ca**] =0.033+ 5.7x10* = 0.033 M
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pCa=1.48
leta ¢ Jiladl (ye Tane Lolai ¢ 810 Al (e e 3al) 138

1. Find the concentrations of Ca*" in solution at
equilibrium resulting from mixing 50 mL of 0.200 M
Ca?* with 100 mL of 0.05 M EDTA adjusted to pH 10.
o at pH 10 is 0.35. k¢ = 5.0x10%

2. Find the concentrations of Ca* in solution at
equilibrium resulting from mixing 100 mL of 0.100 M
Ca?* with 50 mL of 0.1 M EDTA adjusted to pH 10.
o4 at pH 10 is 0.35. k¢ = 5.0x10%°

EDTA JI ¢ 100 mL Lol aic :lay),
Sl Jelal) Al ¢ Al
0

10 10
Ca? + Y4 - CaYy?
0 0 10
0 0 10/200
Baladll 3,81 il o s ¢ o ey
0 0 0.05
Cca* + Y#+ s Cay?
X oy X 0.05 - x
0.05 - x)
5x10%0 = 205X
((x)* a4 x)

X dad o diasi dilaall daas ¢ (0.05) > x o) s
x =1.7x10°M

J&YN\M\@U\@;6:\A§MZ\A¢J¢U\@AUX\L}A}
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[Ca**] = 1.7x10° M
pCa=5.77
rJie ¢ Jilal) (e Taae Lalas  8S0 ALed) (e ¢ 3al) 138

1. Find the pCa in a solution resulting from mixing
equal volumes of 0.1 M CaCl, and 0.1 M EDTA at pH
10. os at pH 10is 0.35. k¢ = 5.0x10%°

2. Calculate the pCa of a solution at pH 10 after
addition of 100 mL of 0.10 M Ca?* to 100 mL of 0.10
M EDTA. a.s at pH 10 is 0.35. k= 5.0x10*°

EDTA Jl ¢» 150 mL déLa) sic :luwald

poaSl Jelil &l o iy
0

10 15
Ca** + \%a > CavY?

0 5 10

0 5/250 10/250

Aleill 380 il iy o s ¢ 5 (s

0 5/250 10/250
Ca? + Y4+ 5 cavy?

X a4 ((5/250) + x) (10/250) - x

(Gag) - X)

(0)+ az ((525)+ ®

5x10%° =

X Aad o Jiast dalzall Jaag ¢ (zio) >> X O gl

x =1.1x10?°
ASE Y ) Uadl) dad o Cus ¢ dagaia dp dll O ezl gl e

leim 1 ¢ S
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[Ca**] = 1.1x10° M
pCa=9.95
rJie ¢ Jilal) (e Taae Lalas  8S0 ALed) (e ¢ 3al) 138

1. Find the pCa in a solution resulting from mixing
equal volumes of 0.1 M CaCl; and 0.15 M EDTA at
pH 10. oz at pH 10 is 0.35. ks = 5.0x10%

2. Calculate the pCa of a solution at pH 10 after
addition of 100 mL of 0.10 M Ca?* to 150 mL of 0.10
M EDTA. a.s at pH 10 is 0.35. k= 5.0x10*°

EDTA ) ¢ 200 mL 4L sie :luslu

poaSl Jelil &l o iy
0

10 20
Ca% + Y4 - CavY?
0 10 10
0 10/300 10/300
Baladll 381 5 il o s ¢ o ey
0 10/300 10/300
Ca?* + Y# S Cay?
X a4 ((10/300) + x) (10/300) - x

(Gzpp) ¥

() a4 (355)+ %)

5x10%° =

X e e Jomnd Al Jags ¢ (52) > x O L
x =5.7x101!

A Y ) Uadl) dad o Cus ¢ dagaia Al O ezl gl e

164




[Ca%**] = 5.7x10'M
pCa=10.24
rJie ¢ Jilal) (e Taae Lalas  8S0 ALed) (e ¢ 3al) 138

1. Find the pCa in a solution resulting from mixing
equal volumes of 0.1 M CaCl, and 0.2 M EDTA at pH
10. os at pH 10is 0.35. k¢ = 5.0x10%°

2. Calculate the pCa of a solution at pH 10 after
addition of 50 mL of 0.20 M Ca?* to 200 mL of 0.10
M EDTA. a.s at pH 10 is 0.35. k= 5.0x10*°

complexes ys<is dalall Jiluall ey 8 Lol laill (Seall (ha
8 Slluall o ceas ¢ oY) die GBS e Jsaal) 4 Ayl

¢ MMoIs J) (e Aially osSiall Glua DA 3 40aS 35la3 (@
S Ay
poaaladl) S Al Gl o Loy ¢ OlxY) 3gkad (b

A Jlal) )l

Calculate the concentration of silver ion in solution
when 20 mL of (.05 M Ag’ are mixed with 80 mL of
0.15 M NH; solution. K, = 2.5x103, ky, = 1.0x10*

Sl Jelal) Al ¢ Al
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1 12 0

Ag* + 2NH3 > Ag(NHs)22*
0 10 1
0 10/100 1/100

Adadll 381 501 s o5 ¢ 3 s

0 10/100 1/100
Ag* + 2NH3 5 Ag(NH3)2%*
X ((10/100) + 2x) (1/100) - x

ki = ki *¥ke = 2.5%107

(155) ¥
(0= ((7o5)+ 207

2.5x107 =

X Aad o Jiast dalzall Jaag ¢ (130) B> X O g i

x = 4x10®
AE Y ) Uadl) dad o Cus ¢ Aagaia Al O ezl gl e
Lot 1y ¢ S

[Ag'] = 4x108M

J 35 alal &5 e s Bo Aadd alagl b il Alliall Ja lada (Saall (ga
. Ag*

Bo=1/( 1+ ke [NHs] + K ke2 [NH3]?)

(0.1 M) Jeléil) any ja 5iddl L ga¥) 3 5ig Kep 9 kea iy (s 2l 2ie
(B gl B JAed

Bo = 4*10°
G ¢ [AgY] ) (S Lgag
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[Ag*] = Bo*Cag

1 Ak1m6 x 005520 . g
[Ag'] =4*10 —(80+20)—4 10°M

lgias ¢ Jal) Gais el 3l Blsal) (o 220 3 30 el g

1. Calculate the concentration of the different ion
species of silver for 0.010 M Ag” in a 0.12 M NH;
solution. K¢ = 2.5x10°%, ki, = 1.0x10% .

pall Ayl (i i (6580 Al

2. Calculate the concentration of the of silver ion in a
solution at equilibrium of AgCl in a 0.1 M NH;
solution. Ky = 2.5x10°% ky = 1.0x10* .

JSAl i Wgarang ¢ Bpdbuall Jiluall (e 225 ) B oSy ¢ Liaf
: A

Silver ion forms a stable 1:1 complex with trien.
Calculate the silver ion concentration at equilibrium
when 25 mL of (0.010 M silver nitrate is added to 50
mL of 0.015 M trien. K; = 5.0x10’

oaSl Jelil) 8 Ay s Cum B Ly Jall

0.25 0.75 0

Ag* + trien - Ag(trien)*
0 0.50 0.25
0 0.50/75 0.25/75

Y m Aaladll 580 g 0585 ¢ 5 0
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0 0.50/75 0.25/75

Ag* + trien s Ag(trien)*
X ((0.50/75) + X) (0.25/75) - x
0.25
5%107 = (z)-%

(x)* ((05—?)+x)

X Aaf o duans Allaall das ¢ (%) »>> x o) oA
x =1x10®

A Y el Uadl) Aed o G ¢ A dpa Al o sl o) (e
T 1 g ¢ SN

[Ag'] = 1x108¥M
tlelad ol G gl Jilisadl e apaadl 3 il Lial (Sl (5a

1. Silver ion forms a stable 1:1 complex with trien.
Calculate the silver ion concentration at equilibrium
when 5 mL of 0.05 M silver nitrate is added to 10
mL of 0.075 M trien. K; = 5.0x10.

2. Silver ion forms a stable 1:1 complex with trien.
Calculate the silver ion concentration at equilibrium
when 50 mL of 0.05 M silver nitrate is added to 100
mL of 0.075 M trien. K; = 5.0x10’.
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SEAY g 3 amsSY) Cifplaag cMlelds @ el Juadl)

led iy ) Dl lil) o — aslas s L — JI5aYs syl el
b o ¢ Jelal) sila e @bl e oxidation number J)
50uSY) o L aglead) (has ol U il DA 2y ) edle il
(oxidation number J s salyy ) iy pSI) a8 DA 5 Al o
Glbeal) 3 daaiiad) Y sleall aal ey el uSe sa 1Al Laiy «
¢« Nernst daleay oy Lo Glplaally cBlel@ll e gaill 13 Aalall

HUSTCN

0.0592

log k

E: electrode potential
EV: standard reduction potential

n: number of electrons

k: equilibrium constant (%)
oxiaitze

0.0592: the result of dividing the gas constant by Faraday

constant at 298K.

raiblualdl Gy Jaad Nernst dalaa aladiia) 448 B il ¢ ¥y
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Calculate the electrode potential for the half-cell below if
the solution contains 0.500 M Cu?*.

The half-cell reaction is:
Cu*+2e S Cu(s) E°=0.342V

0.0592
E=E°— " log k

0.0592 [Cu(s)]

E =0342—
2 97cur

0.0592

E =0.342 —
2

log 0—15 = 0.333V

tg Al Al B sty
Calculate the electrode potential of a half-cell containing
0.200 M KMnO4 and 0.500 M MnCl; at pH 0.
MnOs+8H*+5e S Mn*+4H,0 E°=1.51V

AtpH=0, [H]=1M

o po_ 00592 [Mn?+]
- n 9 Mno [HY]
0.0592 0.5
E=151— — 148V

5 95 e

Ml Al (985 Euny ¢ Bplaa Alaa Ja B B ¢ oYY
1:1
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Find the potential of a 50 mL of a 0.10 M Fe?* solution
after addition of 0, 25, 35, 50, 60, and 100 mL of 0.1 M
Ce*.

Ce* + Fe** 5 Ce3* + Fe**
Fe¥*+e S Fe?* E°=0.771V
Ce*+e S5 Ce®* E°=1.70V
0 mL of Ce*" dila) xic :Y

Jslais Nernst dlslee aasis Ml Fe™ o Jsladdl b aag Y

saldll Jelall Caas Hladiuly (electrode potential) uadll aga alay)

: Fe Ju
£ o 0.0592 l [Fe?*]
B n C9Fes
0.0592 0.1
E=0771- T logT=—00V

las 4o Ujida sale ey Fe? ) ) (0 e Ugina e dags =Y
i 13 . Cama Jiise dale F?' U1 o Lde G pmall e oS0 ¢ laa
Gt A bl sga lual Nernst dales alasiu) Gilsall (e (a4
Ugine Ao Jony cladll (o8 Sles slasin) Gl d3gsl) 4, . Fe™"
e Ly ¢ FE3 Ul e laa 5ym 40aS dsms S5 Lo g ¢ calidll gl
S FE U e ilgill any asadd o ¢ slsgdl Gph e Fe?' U aush
obind ¥ L U agall JFe™ J) Jolae jacaatl daladind 2 g3l slal)

Dika Jelil) cliste aaf 3855 058 Laxic Nernst dlslea aladi)
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25 mL of Ce*" 4L xic :Lili

S Je il b ki ¢ dly

5 25 0
Fez+ + Ce4+ - Fe2+ + Ce3+
25 0 25 25
2.5/75 0 2.5/75 2.5/75

Fe'' + e 5 Fe U Alabe alasiuly (bl aga lusy agii ¢ 23 g
S5 Y Ce™ +e 5 Ce™ U dlabaa alatind Ky ¥ 4l alal) g

s g5k Ce* )
0.0592  [Fe?*]

— 0 _
=F - log [Fe]
0.0592 [(75)]
E=0771- log =0.771V
1 [(2 o

35 mL of Ce*" L) xic 1

paSl Jelil bl o iy

5 35 0
Fe* +  Ce** - Fe?* + Ce*
1.5 0 35 35
1.5/85 0 3.5/85 3.5/85

Fe'* + e 5 Fe U lale alasiuly (il aga lusy agii ¢ 23 s
J 585 ¥ Ce' +e 5 Ce™ Ul dlalae alatind S ¥ ail Cua

:‘\)S.\a LS}L“;’ Ce

o go_ 00592 [Fe’]
B 9 Fe3]

n
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1.5
0.0592  [(=E)]
E=0771- log 3E = 0.793V

N (C=Y

50 mL of Ce*" dila) aic :lay,

Sl Jelal) Al ¢ Ayl

5 5 0 0
Fe* +  Ce*™ - Fe’* + Ce?*

0 0 5 5

0 0 5/100 5/100

Alasind iy Y il sl e oS0 ¢ akaill dga lay aii ¢ & e
Loads ¢ Tim osbn Fe? 1 385 oY (Fe™ + e 5 Fe?) Ul e
Ce™ Ul 585 Y (Ce™ +e 5 Ce™) J las platiul i€y ¥
32 ) R Vg ¢ Bl Ak LS alad Aal) 3 (B ¢ Dia (g5l
: Cilalaal) aany Liad 13) ) b

0.0592  [Fe?*]

Eeq pt = Ege - 1 log [Fe3+]

. 00592 [Ce®]
Eeq pt — ECe - 1 logm

¢ bV aae 8 Allee JS bk gt bl pan Jal g
2B pe = Efe + EQ, — 0.0592 log eI 1ce ]
eqpt = Ere T Ece — V- 09 \Fes+ [Ce*t|
:ol ¢ ddanil) sda die Jeldil) daim e gy WS S
[Fe*1 =[Ce*1=0.05M
t0sSe o S Al ) Jgeasl) Jayd o LS
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[Fe*] = [Ce™]

Ol Ao
l [Fe™][Ce™"] log1 =0
o =10 =
ITFes ] [ce*] ~ 8
E2 + E? 0.771 + 1.70
Eoqpt = —— : Ce — > — 124V
60 mL of Ce*" L) sic :luald
Sl Jelal) Al ¢ Al
5 6 0 0
Fe* +  Ce*™ - Fe?* + Ce?*
1] 1 5 5
0 1/110 5/110 5/110

Ce" +e 5 Ce” J ilabae alasinly Culaill dga luny asii ¢ o5 (e
385 N Fe¥ + e 5 Fe? Ul ililas slasin) Koy Y 4l alall pa
e g5l Alall o2a 3 Fe? U
, 00592  [Ce®*]

E=E
n log [Ce*t]

~0.0592 [(%)]

E=1.70 log =166V
1 1
[(110)]
100 mL of Ce*" dila) xic :lualu
Sl delal) Al ¢ Ayl
5 10 0 0
Fe?* +  Ce** - Fe? + Ce®
0 5 5 5
0 5/150 5/150 5/150
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Ce" +e 5 Ce™ ) dlilae alazinly Cabail) dga iy asii ¢ &5 (pay
N Fe’ + e 5 Fe? J) dlilae pasind (S ¥ 4l Gun (o WS
D (sl sl s3a i Fe U1 35
_ 00592, [Ce]
n [Ce**]

¢ 1] g cdlelital) cNge ae Auad Al Bl ¢ Y
Hgda AT e ity
Find the electrode potential of a 50 mL of a 0.10 M

solution of Fe?* after addition of 0, 5, 8, 10, and 20 mL of
0.10 M KMnOg, at pH 1.

MnOs + 8H* + 5 Fe** 5 Mn** + 5 Fe** +4 H,0
Fe’* +e S Fe? E°=0.771V
MnOs + 8H' + 5e § Mn?** + 4 H,0 E°=1.51V

0 mL of MnO,™ dila) sic :Y
Jslais Nernst dslee aasis My Fe™ o Joladl b aag ¥

) Jeliill Caas aladsiuly (electrode potential) cuadll aga alay)

: Fe Ju
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0.0592  [Fe?']

E=E° l
n °d [Fe3+]
0.0592 0.1
E=0.771— 1 logTz—OOV

sale Ly FE™ ) o it e Algiae e dagll ol ¢ Gle Uy LS
Jise dele Fe™ 1 of Tadde Cagpmall o 00 ¢l Taa 48 Al
Claal Nernst dalas alasiud Clgeall g Gl 4 S5 138 Ciins
J e s LB 2 dsmg Sall (g - FEP gl Gle 8 bl aea
gl amy dsagd ol ¢ elsedl Gk e Fe? O aush o Ly, ¢ Fe
agal) JFe®' ) Jslan jumail daladind 25 3 &Ll 8 Fe?" ) e
sl 5858 08 Laic Nernst dlalas aladiu) Uik ¥ 4 g3 ¢f
Lhia Je it ciliga
5 mL of MnOy 4éLa) xie Ll
Sl Jelal) Al ¢ Al

mmol Fe?* left = mmol Fe?" taken — mmol Fe?" reacted

mmol Fe** left = mmol Fe** taken — (5) mmol MnO,~

5 0.5 0 0

5Fe* + MnOs + 8H* = 5Fe® + Mn* + 4H0
2.5 0 2.5 0.5

2.5/55 0 2.5/55 0.5/55

Fe'* + e 5 Fe U dlale alasinly (il aga luny agii ¢ 23
1) Alabee alasiid Say Y Al alall pa
MnO, J 385 ¥¢ MnOs + 8H* + 5e 5 Mn?* + 4 H,0

thia gsby
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8 mL of MnO,~ dila) e Wil

oSl Jelill il ¢ gy

mmol FeZ*'eft = mmol Fe?* taken - mmol Fe?* reacted

mmol Fe?* left = mmol Fe?* taken — (5) mmol MnOg

5 0.8 0 0

5Fe* + MnOs + 8H* - 5 Fe? + Mn* + 4H0
1 0 4 0.8

1/58 0 4/58 0.8/58

Fe* + e 5 Fe® J Aol aladinly calaill aga Clusy asii ¢ 25 (g
1) Alabee alasind Sy Y Al alall ae ¢ 3o WS

MnO4 + 8H* + 5e 5 Mn?* + 4 H,0
im ks MO, 01 555 8

0.0592  [Fe?*]

— R0
E=F " Og[Fe3+]
1
00592  [(zg)]
E =0771— —— log—— = 0807V
[(59)]
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10 mL of MnO,~ 4éla) sic :lay,

S Je il b ki ¢ dly

5 1 0 0

5Fe* + MnOs + 8H' - 5 Fe?* + Mn* + 4H0
0 0 5 1
0 0 5/60 1/60

alainl Wiy ¥ 4l maalgl) e S ¢ bl aga oluny a sl ¢ (e
(Fe3+ +e S F62+) :J) dales
1) Alslas aladin) i€ey Y Layy
(MnO,” + 8H" + 5e 5 Mn** + 4 H,0)
i Lgf alad Al oda Ay ¢ Dia gl MNO, O 385 N
rCilalaall aany Uad 13) ) Gulall) aga alaa) (S Wy ¢ ALK
0.0592 [Fe?*]

Eeqpt = Elge - 1 09 [Fe3+]
; 0.0592 [Mn2*]
Eeq pt = EMTLOZ - 5 lOg [Mn04—][H+]8

aaylesll adl) pan o oSl (S5 A Glintegl) Aalas Ayl G
tohlaal) 8

[Mn**]
[MnO, ][H*]°?

5 Eeq pt = SEI%HOZ - 0.0592 log

: pilaladdl et Vs

6 Eeq pt — 5E1\91n0; + Elge
[Fez+] [Mn2+]
[Fe3*] [MnO, ][H*]®

— 0.0592 log

178




(A A ila Sl Alaleal) () 531K Ak die 3] alas LS
[Fe?'] = 5[MnO,]
[Fe*] = 5[Mn*]
tle daasd (el Y1

6 Ecqpt = 5E1(\)4n0; + E,?e — 0.0592 logW
Glaa (Sad) e ails c pH = 1 01 Y [HT = 0.1 M Gus,

:Eeq pt

6 Eeqpe = 1.31V

20 mL of MnO, 4L aie :Luald
Sl Jelal) Al ¢ Al

mmol MnOs excess = mmol MnOs added - mmol MnO4
reacted

mmol MnQOs” excess = mmol MnO4 added — (1/5) mmol
Fe?*

5 2 0 0

5Fe* + MnOs + 8H* - 5Fe* + Mn* + 4H0
0 1 5 1
0 1/70 0.1 5/70 1/70

alainl WiSay ¥ 4l maalgll e o1 ¢ bl aga luny asi ¢ (e
e mual Fe™ U1 385 oY (Fe™" + e 5 Fe™) :Jl dlla
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Al alasin) Cisng 4de g
(MnO,” + 8H" + 5e 5 Mn* + 4 H,0)

I 0.0592 [Mn?*]
~ Pmor T s P Mnop IH
0.0592 1/70
E =151— l L

o

E=142V

180



i aa cra 23 Y Jileaall (e (AT £ 15l i) Juail
(buffer solutions) dabiall Jullaall Jilwa ) 3350 Nl

Jsbae oo ple s Jsladll of Bl L zpmy ) Jilud) b
tol W amn of sl (e ale 438 buffer

o Jlie) Julls ¢ buffer J) clie e gl lSs el e .1
. x=0

LS Sy o) Gme o OB el alasaul Al day eadl 2
Gl AU A e buffer JI clie Je Jdads Al bl
PH JI ) a5 A ddlida) sl ddjpal elldg ¢ oY)
Al B e pagalall

) Wllogr B clitt B A ¢ il gan Y BI Y
(5 0n ST ) and o Bydilea LS

Find the weight of Na,CO; (FW = 106 g/mol) and
NaHCO; (FW = 82 g/mol) necessary to prepare 500
mL of a buffer solution at pH 10, where the salt
concentration is 0.2 M. k,; = 4.3*1077, k,, = 4.8*107!!

tol LS leda (S Cum ¢ 3pile Allis oda ¢ Adgall 3
[H]=10""M

Salt is CO5%", [CO51=0.2 M
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ales ¢ Ky 58 HCO3™ and CO5™™ (pp Adlall Jiay (53 (V) s

:dall el (S
X 0.2 1010
HCO3z s COs* + H*
X 0.2 1010
. 02%10710
4.8 x 10 = —

x=042M

G Csllae 5o LS Gl Glaa oS (Vs ¢« x = [HCO3] of s
323 MMOIs Jl Sl Gay Aipall (s aakallys S5 anal) alas Ll
:Qi
W Molarity * Volume (mL)
mg Na,CO3
106

= 0.2 * 500

mg Na,CO; = 10600 mg or 10.6 g

mg NaHCOs
82

= 0.42 * 500
mg NaHCO; = 17083 mg or 17.1 g

b by o s 080 ¢ Aglie Alie Ja 8 il L oSad) g
i Llary of L) Al oda s ¢ panall 5 ald) 585 dad Jlsad)
: HCO; and CO;* il &all KU 5850 5f Jolaall 43531 54l
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Find the weight of Na,CO; (FW = 106 g/mol) and
NaHCO; (FW = 82 g/mol) necessary to prepare 500
mL of a buffer solution at pH 10, where the total
concentration of carbonate and bicarbonate is (0.2 M.
Kay = 4.3*1077, kyy = 4.8%107"!

teh LS Lda (S un ¢ byl Allise Liagf 038 ¢ digall
[H]7=10""M
X = [HCO;]
Salt is CO;*", [CO5%T] = 0.2 —x

ale; ¢ Ky 58 HCO3™ and CO5™™ (pp Adall Jiay (53 (V) s

tdadb el (S
X 0.2-x 0
HCOs s COs?% + H*
X 0.2-x 1010

(0.2 —x)*1071°
x

4810711 =
X =[HCO;1=0.135M
[CO3*1=0.065 M
tolisy) dlay) (K Letas

mg
—— = Molarity * Volume (mL)
Fw
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mg Na,COs3
106

= 0.065 * 500

mg Na,CO; =3445 mg or 3.445 g

mg NaHCOs
82

= 0.135 * 500

mg NaHCO; = 5535 mg or 5.535 g

aladin) Aty dua ¢ Aaaial) Jallaal) Jilua (e AT £63 ) oY) lasil
t Al Bala (e ana ) ABLaYL Al Sala

Find the weight of NH,CI (FW = 53.5 g/mol) and the
volume of 6 M NH;, needed to prepare 200 mL of a
buffer solution at pH 10 and has a salt concentration
of 0.1 M. k, = 1.8*10°°

S FRTINE W

Jsbae oo ple s Jsladll of Bl L zpay ) QL) b
tol W amn of sl (g sale 438 buffer

o bl Julls ¢ buffer J) clie e gl dlSa el aae .1
. x=0

slaal) LGS 23 o Smay ¢ oY) Ak (e Allisdd) Jay sl L2
¢ QYD RS A e buffer J) alife Je Jaals Al
asaid) pH JI ) g Al dabdd) c Sl ddjpeal Gl
Al 8 Lle
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laslo) ey ¢ Aoslen e Ustaall i Lisad) 585 of alas dlldl (e

:OY) (g
[H7=10""M, [OH]=10*M
X = [NH;]
Saltis NH,", [NH,/]=0.1 M
X 0.1 10
NHs3 + H2.0 S NH4* + OH-
X 0.1 10
0.1%107*
1.8%107° = —

X = [NH5] = 0.56 M

NHLCl 01 ) gl oy ) 55Sal Lisedl] ama a0 oY
PH = 10 i bl Jslaall (50 200 ML e Jgeaall

|\/|iVi = Mfo
6*ViL = 0.56*200
Vo= 18.5 mL

14 ge Waalas) (St NH,CI JI 4535 Wl

mg
—— = Molarity * Volume (mL)
Fw
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mg NH4Cl

~ 0.1 * 200
535 i

mg NH,Cl = 1070 mg or 1.07 g

aladiud 2 s ¢ Aabiidl Jdlaall Jilas (e sal g ) oY)l
lecaeas saclal) o A8yl aiacliy Gmeall o Jsasll Basly 3ala
leie Laty ¢ Bl 3ol 5l (g (men G BaeS Allsly ellly ¢ LA

sbuffer oysSiy ol ¢ @lall ) dapmall 33l (e g3 Joad

: AU el ) e

Find the weight of NaOAc (FW = 84 g/mol) and
volume of 8 M HCI, required to prepare 100 mL of a
buffer solution at pH 5, and has a salt concentration
of 0.4 M. k, = 1.8*107°

rol and Allsall 832150 e glaal) (ga

H" + OAc = HOAc

[H]1=10"M
[OAc] = 0.4 M
X 0 10°
HOAc 5 OAC + H*
X 04 10°

Ka= [OAC][H*]/[HOAC]
1.8+10° = &4+107°
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X = [HOACc] = 0.222 M

HOAc J) (e mmols J) aae wlua oSy HOAC J) 5S35 4 (e
mmol JS o} Gua ¢ ailin) aay @3 HCL J) pas s 23y Uil
ok Al gmars « HOAC J) (e mmol aie iy Caliaall HCL JI (4

mmol HOAc = mmol HCI
0.222*100 = 5*V,
Vi (HCI) = 4.44 mL
to) o) Al of oy LSl NaOAC () 435y qulualy

Total mmol NaOAc in solution = (mmol NaOAc + mmol

HOAC)in solution at equilibrium

J N NaOAC Jl (e eia Jsad oo Li Sial HOAC ) o iy
.HOAC

Total mmol NaOAc in solution = 0.4*100 + 0.222*100 =
62.2

mg NaOAc

= 62.2
84

mg NaOAc = 5226 mg or 5.226 g

e ¢ Agndl) Bluall e 2o & il (Sadll e
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. Find the volume of 10 M HOAc (FW = 84 g/mol)
and volume of 8 M NaOH, required to prepare 400
mL of a buffer solution at pH 5, and has a salt
concentration of 0.3 M. k, = 1.8*107

. Find the weight of NH,CI (FW = 53.5 g/mol) and
volume of 4 M NaOH, required to prepare 500 mL
of a buffer solution at pH 9.5, and has a salt
concentration of 0.25 M. k, = 1.8*107

. Find the weight of Na;PO, (FW = 164 g/mol) and
volume of 8 M HCI, required to prepare 100 mL of a
buffer soluton at pH 11, and has a PO,
concentration of 0.2 M. k3 = 4.8*107""

. Find the volume of 14 M NH; and volume of 10 M
HCI, required to prepare 500 mL of a buffer solution
at pH 10, and has a salt concentration of (0.4 M. k,
= 1.8*107

titer QL Adlaia) Jileedd) :Lals

oo MG J aae ANy saldl 385 e e titer J) sllias o als
Jhaxe adl e ddliy Losald adgps Sy ¢ Leme Jelim ) saldl)
Da 8¢ b sald) e 1 ML ge Jelin 3 analyte J) ;e mg
Sl titer J mllaias aladiuly EDTA  J) 385 oo el b e,

J e MG 2 s Wi CaCO; J) (e Mg 22 ulid

EDTA J) (e 1 mL sa Jeli 3CaCO;
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:JGa

Find the titer of 0.01 M EDTA in terms of mg Al,0;
(FW = 102 g/mol).

molarity J) 4ad o Jgaal) Lol A gy Jilal) s Jia Jad
A (g ¢ titer J aladiul WSS oo puadl) B i Al Salall
:mmols J) o (augail)

¢ 1:1 4y metal ion i aa Joliss EDTA J) o) alas Llad) 3
t A AL Gads ALO; sa quglhaal) Dlal) B (!
AlL,O; > 2 Al
mmol EDTA = mmol Al = 2 mmol Al,O;
0.1*1 mL=2+m8%20
102

mg Al,O; = 5.1 mg

J e 1 mL S8 5.1 mg ALO; s EDTA () titer J) « 13
.EDTA

: A] Jla

Find the titer of a 3.226 g/L of KMnO, (FW = 158

g/mol) in terms of mg Fe;0, (FW = 231 g/mol).
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MnO, + 8H" + 5 Fe** > Mn* + 5 Fe*" + 4 H,0

Jdad Je Jeasll Bladl 8 Gy Jilual) o380 Jia Jad 43ld U3 LS
Oy ¢ titer JI aladiul WS i e el 8 ey Al salal molarity

:mmols J e (assaill o

O Ve 1] A Fe?' Ji ae Jelan MNO,~ U1 o alas dlad) 4
A ¢ Fe u.n:d} Fe304 EL) k_uua.ql\
Fe;O0, > 3 Fe
mmol Fe = 3 mmol Fe;0,
- _ 8
mmol MnO, = (5) mmol Fe (5) mmol Fe;0,
__ 3226

Myinos = Tes 0.0204 M
0.0204 * 1 mL= (3)*Te %%

5 231

mg Fe;04 = 7.854 mg/mL MnO,"

J el mL <t 7.854 mg Fe;0, s KMnO, J titer Ji ¢ 13
KMnO,

Kjeldahl Nitrogen Analysis < dalaiall Jilueal) <Gl
Kjeldahl Zijk o Laaal ¢ umg il il Uy yea iyl ollia

Cua ¢ back titrations JI faw o giblua adied Ziph s ¢ Al
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¢ kB pans Jglaa e B2l A liberated ammonia J) aaest 2
s s o Lp) S Bpaal (meal) (e il Bylas (0
Al e gAY WL gmg sl e mmols J s L mmols s
b Liga¥) mead i G ¢ Agas B8l lgd clbaal) (s s
4l borate J) sulae A (g boric acid JI e sida Jolaa

tlgimg ¢ ol HO (mes alasinly

mmol NH; = mmol N = mmol HCI
23855 HOL ) aaa (40 53k Cpmg il 40aS i 5y UL
SISt A8y ) e Jlia

Find the percentage of nitrogen in a 500 mg sample
analyzed by Kjeldahl method where the generated
ammonia was collected in 20 mL of 0.1 M H,SO, solution,

if the excess acid required 6 mL of 0.1 M NaOH.
H,SO,4 + 2NH; = (NH,4),SO,
H,SO, + 2NaOH - Na,SO, + H,0

mmol H,SO; reacted = mmol H,SO; taken — mmol H,;SO4
titrated

(%) mmol NH; = mmol H,SO, taken — (%) mmol NaOH

mmol NH; = mmol N
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(l) mmol N = mmol H,SO, taken — (1) mmol NaOH
2 2

(1)mgN 0.1 * 20 (1) 0.1%6
—|——=0.1+% —[=]*0.1=*
2) 14 2

mg N = 47.6

500

%N = —— * 100% = 9.52%

:Asaal) 44y al) e Jlie

Find the percentage of nitrogen in a 500 mg sample
analyzed by Kjeldahl method where the generated
ammonia was collected in a dilute boric acid solution , the

resulting solution required 15 mL of 0.1 M HCI.
s ¢ Gl g La dall

mmol NH; = mmol N = mmol HCI

mIN _ 0115221
— = (.1 % =
14 mg
%N = 2 100% = 4.2%
= * = 4.
0 500 0 0

Normality Jb datiall cilbilaad) :lay,

A8 I e equivalents J) e s normality J) of oy alas

o= wle equivalents J) ae of Laad alaig ¢ Jsladd) (e aaly il 3
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equivalent J ofs « equivalent weight J e e e (lial) 41
Clagl s an of Cus o n e dasaiia FW JIY) 52 L weight

ol Lo gz il s @lld (e L lgie Jge JSI Balall (e Aleliial

Sas N Al iy s salall 48 @Dl ) Jelail) ddpa oy .1
J e iy equivalent weight Jl clus apkaiis &
.normality J) 1., ¢« equivalents

I aae sl a5 ¢ N Aed paaty normality J wblua fag .2
ae gsld iy ¢ achsilly paleal) cBlelis & H or OH
LAY 5ausY) edlelis b clig SV

:Oi@w‘sgw\wdydﬁnwgmezg 3

No.of moles of substance in stoichiometric equation
n= p p
No.of reacting units

o saeall 068 Lavie saclill o ameall n=1 o L SE 4

HCI, HNOz, J Jio) aaly HY e V) @iy ¥V s2cldl

(NaOH, Jie aaly H" ae hid Jeliyy § « (HOAC, etc
.(KOH, LiOH, NHj3

rellaad) 8 Sadal) il Gary oAl (Saall (g

)
9 FW
N = €9 — eaw _ G _ (n)*mOlzn*M
L L L L
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¢ Al syl ¢ s Algw muai normality  J cilles ol
J e Jianil N dad 3 Lgypns 4y ¥sal) Clun (g lide L 4l Cun
.normality

rAgll) Al ) faidt

Find the normality of 1.4552¢g/L Na,COs; (FW = 106
g/mol) solution, to be used in the reaction with excess
HCI.

1N 4l C_u.mul il Aaleal) iSs Ayl
Na,CO3 + 2HCI = 2NaCl + H,CO3
N =n*M

N=2 Y ¢ 2 apa & e ¢ e ) S5 i (gom lide L
tHY ) (e Jse 2 e deliny NapCO3 ) (e Jise JS oY el

mg
M Vo = T
M % 1000 1.4552 = 103
* =
106

M =0.0137
Normality =2 * 0.0137 =0.0275 N

roal Al ) el

Find the normality of the solution resulting from
dissolving 0.6681g of K>Cr.O7 (FW =294 g/mol) in 250
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mL of water. The solution will be used in the following
reaction:

Cr.07% + 14 H* + 6e = 2Cr®** + 7TH.0

N =n*M

O s ¢ 6 (8 A & e ¢ A¥se RS Jisad on Ll L
oo s 6 A zliny CrO7% Jl e dse JS oY éllyy ¢ n=6

e il ALy ¢l S

mg
MV = Ty
M % 250 0.6681 = 103
*k =
294

M =9.0898*10°3
Normality = 6 * 9.0898*102 = 0.0545 N
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The Islamic University of Student Name:
Gaza
Chemistry Department Analytical Chemistry  Lecture Time:
1°* Hour Exam Student Number:
Dec.7t", 2014

Answer the Following Questions:

1. Indicate whether each of the following statements is true (T) or false (F):
(5 pts)

1. () Accuracy of a measurement is an indication of how close the
average result is as compared to the true or accepted value

2. () The addition of precipitating agent should be fast to keep Q
as small as possible.

3. ( ) Postprecipitation can be easily overcome by digestion
4. () Thelogarithm of 168 = 2.225 (watch your significant figures)

5. () Adsorption is a real problem when the particle size of the
precipitate is very small.

2. Perform the following calculations using correct number of significant
figures (show your calculations:

a. Find the average of: 3.6432, 3.538, 3.59, and 3.496 (3 pts)
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b. The average of {(88.4 + 0.9)+(86.3 + 0.6)}/2 = (5 pts)

c. (12.25%*2.80)/3.43 = (4 pts)

3. What volume of concentrated HCI (FW = 36.5g/mol, 24%, density = 1.06
g/mL) are required to prepare 500 mL of 2.0 M solution. (6pts)
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4. Find the titer of a 0.092 M EDTA in terms of mg Al,Os; (FW = 102 g/mol).
(6pts)

5. Iron in a 1.200 g sample was precipitated as the hydroxide and ignited to
form Fe,05 (0.352 g, FW = 159.7 g/mol). Find percentage iron (AW = 55.8
g/mol) in the sample. (6 pts)

200



6. A new procedure for the determination of lead resulted in the following
data (6pts):

New method
(ppm)
9.61
9.84
9.77

9.61

If the accepted value for this analysis was 10.2 ppm, does the new method
give a statistically correct answer at the 95% confidence level? tgsy for 3
degrees of freedom is 3.182.
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7. Find the percent increase in solubility of Pbl, (ks = 8*10°) in a NaNOs
solution as compared to solubility in pure water. (fp2* = 0.52, and i =
0.78). (6pts)
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8. A 0.835 g sample containing sodium carbonate (FW=106 mg/mmol) was
dissolved and analyzed by addition of 50.0 mL of 0.084 M HClI solution. The
excess HCl required 8.68 mL of 0.05 M NaOH solution. Find the percentage
of Na,COs n the sample. (10pts)

Na,COs + 2 HCl = 2 NaCl + H,COs3

HCl + NaOH = NaCl + H,0
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9. How many mg of Na;S;0s; (FW = 158 mg/mmol) should you weigh to
prepare 100 mL of 0.100 N solution, in the reaction (6pts)

25,037 5 S406% + 2e
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The Islamic University of Gaza Student Name:
Chemistry Department Analytical Chemistry Lecture time:
2" Hour Exam Student Number:
Nov. 22", 2015

Answer the Following Questions:
1. Indicate whether each of the following statements is true (T) or false

(F) (Spts)

1. () Usually a little excess of precipitating agent should be added
for quantitative precipitation.

2. () Inclusion can usually be overcome by good washing of a
precipitate

3. () Precipitation should be done using hot solutions to increase
solubility of precipitates.

4. () Adsorption of impurities on the surface of precipitates
increases as the surface area of a precipitate increases.

5 ( ) In cases where postprecipitation is expected, the precipitate
should be digested and left for longer times to increase
precipitation.

2. Consider a 0.4312 g of pure MSO, (atomic weights of S and O are 32.00

and 16.00 g/mol, respectively) that is dissolved and the sulfate is

precipitated as BaSO4 (FW 233.39). If the BaSO4 ppt weighs 0.5482 g, what

is the atomic weight of M?* in MSQ,?
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3. Write mass balance and charge balance equations for the equilibrium of
the different species of 0.1 M Na,C,0..

Na,C,0; = 2Na* + C2042_
C,0.% + H,0 S HC,04 + OH-
HC,04 + H,0 S H,C,04 + OH

H,0 5 H* + OH

4. How many mL of a 2.50 M sodium hydroxide and how many mL of a 8.0
M acetic acid (Ka = 1.8x107°) solution are required to make a 500 mL of a
buffer solution at pH 5.00 and has an ionic strength of 0.15?
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5. Calculate the volume of 10 M acetic acid (HOAc, Ka= 1.8x107°) that
should be added to 7.38 g of sodium acetate (NaOAc, FW = 82 g/mol) in
enough water to prepare 500 mL of a buffer solution at pH 4. Calculate
the capacity of the resulting buffer

208



6. Find the percent increase in solubility of Ag>COs(S) in (a) pure water as
compared to (b) the solubility in a diverse ion solution where the activity
coefficients of Ag*and COs* are 0.75 and 0.61

Ksp (Ag2Cc03) = 8.1%* 10>12

Ag>COs (s) S 2Ag* + COs?
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7. A 0.821 g sample containing iron is dissolved and converted to Fe?*
followed by addition of 12.3 mL of 0.011 M KMnOa.

MnO4 +5 Fe?* + 8H* 5 Mn?* + 5Fe3* + 4H,0
The excess KMnQ, required 3.62 mL of 0.015 M Na,C,04.
2 MnO4 +5C,04> +16 H* S 2 Mn?*+10 CO; + + 8 H,0

Find the percentage Fe;03 (FW= 158 g/mol) in the sample.
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8. Calculate the pH of a 0.1 M H3POj, solution (ka1 = 1.1*107?, kap = 7.5*108,
Kaz = 4.8*10_13)

9. Calculate the pH of a 0.1 M NaCN solution (k, = 6*10729),

CN + H;0 S HCN + OH"
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10. Calculate the pH of a 0.01 M formic acid (HA) solution (kp = 1.8%10%).

HAS HY + A
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The Islamic University of Student Name:

Gaza
Chemistry Department Analytical Chemistry Student Number:
3rd Hr Exam
Dec, 2015

Answer The Following Questions:

1. Indicate whether each of the following statements is true (T) or false

(F)

1. ( ) In Mohr method for chloride determination, the medium
should be acidic.

2. () Performing a back titration is a good choice to overcome the
problem of slow reactions.

3. () The concentration of the indicator in Volhard's method
should be much smaller than theoretically predicted.

4. ( ) EDTA metal chelates usually have higher stability than
complexes with multiple monodentate ligands.

5. () Phenolphthaleinis an acid base indicator that can be used in
the pH range from 0-14.

2. Calculate the pH of a 0.1 M NaHC,04 solution (Ka1 = 6.5*1072, Ka; =
6.1*1075, ky = 1*10714).
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3. Find the pH of the solution resulting from mixing 20 mL of 0.1 M NaOH
and 80 mL 0f 0.1 M NasPOy ((Ka1 = 1.1*1072, Kz = 7.5*108, Ka3 = 4.8%1013)

4. A 20 mL of 0.1 M diprotic acid (H,A) was titrated with 0.1 M NaOH,
requiring 15 and 30 mL of the base to reach the first and second end
points. Addition of 7.5 mL and 22.5 mL of the base to 20 mL of the acid
solution resulted in pH values of 1.9 and 4.6, respectively. Find the
equilibrium constants of the diprotic acid.

HA S HA + H*

HA +H,0 5 AZ + H*
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5. Find the concentration of Mg?* in a 20 mL of 0.1 M MgCl, solution
adjusted to pH 10 after addition of 20 and 30 mL of 0.1 M EDTA. K¢=
5*108 o at pH 10 =0.35.

Mg* + Y* 5 MgY*
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6. Find the pl in a 20 mL solution of a 0.1 M Nal after addition of 20 mL of
0.1 M AgNOs (ksp (Agl) = 1*10%°)

Agls) S Agt+ 1

7. Find the concentration of copper ion in a solution containing 0.1 M Cu?*
and 1.2 M NH3 (kfj_ = 2.5*104, kfz = 4*103, kf3 = 6.6*102, kf4 = 1.1*102).

CU2++ 4NHs hary CU(NHg,)42Jr
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8. A 0.342 g feed sample was digested using concentrated sulfuric acid.
The solution was treated with excess NaOH and the generated ammonia
was collected in dilute boric acid. The borate required 25 mL of 0.1 M HCI
to reach the end point, calculate the percentage protein in the sample (mg
protein =mg N * 6.25, and AW N = 14.0).

9. Find the pH of the solution resulting from mixing 50 mL of 0.1 M H,COs
(ka1 =4.3*107 and ka2 = 4.8*10!) with 100 mL of 0.1 M NaOH.
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10. Calculate the solubility of PbS (ksp = 3*10%8, Ka1 = 1*107, Kop = 1%107)
in a solution adjusted at pH 4.
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The Islamic University of Student Name:

Chemistry Department Analytical Chemistry Student Number:

Final Exam

Answer The Following Questions:

1. Indicate whether each of the following statements is true (T) or false (F)

1.

(

) Mohr method for chloride volumetric determination uses

potassium chromate as an indicator. The medium in which
the titration should be conducted must be acidic.

Solubility of precipitates in presence of excess precipitating
agent increases.

Colloidal precipitates contain very small particles. There
should be expected a great deal of error due to adsorption.

Usually a larger break in a titration curve as the
concentration becomes larger.

As compared to redox titrations, acid base titrations have
less restrictions on selection of a suitable indicator.

2. In a titration reaction of NaOH with HCI, it was found that (21.25 + 0.04)
mL of (0.0935 M + 0.0006) M NaOH neutralizes 15.67 + 0.03) mL of HCI.
Find the uncertainty in the molarity of HCI using the correct number of

significant figures.
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3. Find the molarity of a 37% concentrated HCl (FW = 36.5 g/mol)
solution if its density is 1.121 g/mL. How many mL of the acid are
necessary to prepare a 500 mL of 0.200 M solution

4. A new procedure for determining copper gave 9.34, 9.01, 8.53, 8.89, and
8.77 ppm for five replicate determinations. If the true value for this
determination is 7.54 ppm, does the new procedure give a statistically
correct value at the 95% confidence level? te, = 2.776.
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5. If 20.45 mL of KMnO, reacts with 0.534 g H>C,0s (FW = 90 g/mol)
according to the following equation:

5 H2C,04 + 2 KMNO4 + 6 H* 5 2 Mn?" + 10 CO, + 8 H,0

Calculate the molarity of KMnO, .

6. How many mg of Na,CO; (FW = 106 mg/mmol) should you weigh to
prepare 250 mL of 30 ppm Na* solution (AW = 23 g/mol)
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7. Calculate the titer of a 0.01 M KMnQ, solution in terms of mg Fes04 (FW
=231 g/mol) per mL KMnOa.

MnOg4 + 8 H* + 5Fe* 5§ Mn* + 4 H,0 + 5Fe*

8. Find the ionic strength, fy. and fou- in a 0.1 M Ca(NOs); solution.
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9. Find the pH of a 10® M HCI, show your calculations. Kw = 104,

10. Find the pH of a 0.20 M solution of disodium hydrogen phosphate
(NazHPO,). Koz = 1.1*%102, Koz = 7.5*%10% and ka3 = 4.8*%10°23
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11. Calculate the pH of the solution resulting from adding 10 mL of 0.10 M
HCl to 10 mL of 0.20 M NHs. Find the capacity of the formed buffer. K, =
1.75x10°

12. Find the pH of a solution containing 0.05 M HCl and 0.10 M H,CO3 ( kaz
=4.3x107, ks =4.8*10")

H,COs S H+ HCO32_

HCOsz SH+ COgZ_
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13. Find the pH of a 100 mL solution containing 2.65 g Na,COs (FW = 106
g/mol) and 2.1 g NaHCO; (FW = 84 g/mol). Ka1 = 4.3x107, ka2 = .8x10L, Find
the change in pH after addition of 10 mL of 0.10 M NaOH.

14. A 2.560 g of impure calcium chloride sample was dissolved in water
and precipitated with excess sodium oxalate solution. If 1.245 g calcium
oxalate (FW = 128 g/mol) was obtained, what is the percentage of
calcium chloride (FW = 111 g/mol) in the impure sample?
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15. Find the pH of a 20 mL solution containing 0.10 M HCl and 0.30 M
HOACc (ks = 1.8x107®) after addition of 20 and 80 mL of 0.10 M NaOH.

16. A 0.625 g of a feed sample was analyzed for protein content using the
modified Kjeldahl method. If the titration required 15.4 mL of 0.115 M HCI,
find % protein in the sample. (atomic weight of N = 14 mg/mmol, 1 mg
nitrogen corresponds to 6.25 mg proteins).

17. Find [Sr?*] in a 10 mL solution of 0.10 M Sr?* at pH 10 after addition of
5, and 10 mL of 0.10 M EDTA. o4 at pH 10 is 0.35. k¢ = 4x108
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Sr¥* + Y+ 5 SrY*

18. Find the solubility of AgCl (Ksp, = 4*10-16) in presence of: a) 103 M HCI
and b) 0.1 M NH; (B, = 4*10°)

19. Write mass and charge balance equations for the equilibrium of 0.1 M
Na,COs in water.
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CO3* + H,0 S HCOs + OH"
HCOs3 + H,0 S H,COs + OH"
H,0 S H*+ OH"

20. Calculate the electrode potential at the equivalence point for the
reaction of 0.1 M Sn?* with 0.1 M Ce*". Show your calculations

Ce*+e 5 Ce? E°=1.61V
Sn* +2e 5 Sn? E°=0.154V

2Ce* + Sn?* 5 2Ce* + Sn**
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