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el ) Al e aal ((Ble e e3n) 36.06) AY) dedll b SW) e o

(3= 00 £32) 301.36) Al
Lo ANV @l )] dayyl e gsiny Jawadl () G 33l g 5,aY) dandl) dlee L
pol LS dagmilly LAY 3 li) 3 e Allg ¢ Apalital) Aall alial) (paaly

33745

87 0.4911

o sral 491 Cleall o aa Aalidall Gadl) ae (AN @l Q) 3) Glsal) 4l

0.491; maad Line 13 Lilia) Ly Clgall ety of 23 Y aile s « 687 doalisall dogl
LI

Perform the following calculation and report the answer using the
correct number of significant figures (show your calculations):

682.8
=77
0.0412
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Py ¢ Al coaal) 8 olialad Lo g Lol mosaal) sl ) Jusi o agall (10

6828 1.65, = 10*
= X
0.0412 77

) bl dpealyll cblually AV 3 AEY) A e edal) 1a i Alluall 23gy
oary daadi] agin B gly ¢ il Ll (Blae Ay & Lisdbas of oSad) o
3y N1 ¢ Cagpee 3SE aae et Al 4l @lldy ¢ AVl el YD alasiuly bl

By By
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el Cilady)

Ge 1o daaly A2 Ldany 3 ¢ (glmall ClaiY) asede 481 (o yuail) 3yl aal
@leadl Ghaty) ey e At hSE lgle Juast Al dygail) <80 g Ll e
Clas (8 agles el Jasgiall Laliad) (Lalha) 25301 Jllg) B axe e Tyass
) dalles die SLasS) g ast ) Clusleall aal (e e il (g)lmall CalpaiY)
dgyat ol Aalad) sSU axe gl ST Gadly 4y olld ¢ lgle Jany Al Uil

c0sSs O m WS Gl Al e ey b ¢ L

¢ el Gopal) 0S5 38k daugiall Joa gl agys olb il e S axe s i

relld (ool Sl ¢ slan) dle (a5 y2e s LS Gaussiand istribution

iflany) alil) (e — 80l i o)l GhatY) a5 5 il Jaugie g8 X O 13
¢ 115 Lausiall Aad o Aadly @ (e %68 Nss ()5S Cunny Jassiall Jga g y55 -
Liad o Gow b o JBS5 425 Jan il dad G olill e %95 s 4l Loty
35 ¢ w28 65 bl agilisl Javisia Jon s 100 230 olysl s Ayma (b ey Ll
Ll (e aled Wl aa€ 3 aly (Jf8 2 b Al B (giled) Ciad)) oS

i ekl apsill Ailanyl

(3*1_65) O ?G_‘bj @3 Ljua 68 L;\j; s cﬁ}l«&\ e 100 J) el oy 5 .1
.28 68-62 (sl ¢« aaS (3*1+65)
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o peisl o Wk 95 s ssas pdsiall (0 100 J) ALl o e ¢ Liadf .2
.2aS 71-59 g sl ¢ aaS (3%2+65) 5 (3%2-65)

Tad o e ) (e %99 e ST o e Lilaa) JYa) W€y Laf .3
Ay e +3s asiall

@bl iy gl

IS5 L Glsall 138 8 Wil (et ) g)lmall Cibad¥l gl e g 1s] Axg)l llia

(lan) adinal g beal) Cilady) oYl

P op ulationstand ardd ev iation(c)

N3

Aagal) ol A8S alaaii) (Ayal) olinay) Gty A gHlmall CalaiN) 15l e g5 s
shall 3 addiie 3 g5 ¢ lgie Basiae Ae Gl ¢ Qa8 (Al US )
@l At Glual Gy 4lé e Gy Ao Jdas 8 Le) 13) Db Al
23 b sl st = B Juw Je = Gl 1)y ¢ Al JelS st 5 o <
e o elld ) Caal L San pe el sag ¢ M mppall a3 JalS st (e 23 Y 43ld iayge
shalll (& Lin ¢ due Gpde o b dsay bjily (gleall GhadY) Ge gl
e dpanll aaiid Al byl ABlally 35S Glye 573 (e aadiig 4Lladl)

%\I=1(Xi — W2
N

Glual) 22e 22 ) N}ccﬁtﬁxﬂ ,A.xsal \Lujid\ﬁpcim"w"'\wggxi J@;

S (laall Gl 4 o L ¢
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duilan) diad g jlal) cifpady) Ll

e gl Vg ¢ Sanpl eresti matedstandar dlevi ati olad o
Ay sa5 ¢ SLlS Slan) adinall o Yoy clisall (e S Tase gellay (g)lnad) Calaiy!

o 4dbal aadid ) Aacalyl) 3B AL s Lasl) 8 i Culic

1‘\]=1(Xi —X)?

N-—-1

.(degreesffreedoi;n

Lugiall b (Preci sipBal ge e L) (g)baad) Calad) of Loglan oS0 of o
o giall & oSt axed dalhadll dagil) g gylmall GV 8 AT e 5l ¢ (M QR)
(16 ¢ 15 < 14) 5 (20 « 15 ¢ 10) 4l bl Cle gama Gl (Kay o Sliad
e o8¢ 15 sa AN Cld eyl Laila Jangiall o BaaSld) (4 9(15.1 ¢15.0 <14.9) «
Oo S Al Al e ST AV de sanal) 8 5SED aac g A8l L) o gl
CalaiV) V) sa L degane JS dangio conliay of camy 3 SHD aae dad WL A3IED

oOlel Aslaal) (e asbin Sy 53 ¢ e sanall 38 il (5 )Lnal

¢ @il Gla) (e gl 1ag dafiyell Clalluad) (gany Cips Gl L el (e

s(mean) hugiall g laal) Cijaiy)

S
s(mean) = —
VN
Relative standard deviation(RS D) il g lal) ijady)
S
RS D= =% 100%
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Coefficiaftvari ati i€ V) cllaadl 1 e 3l Lad,
Jag giall adl) (lanall i)l

Rel ati wetand ar dlevi ati dRS D(me an)

s(mean)
RSD = — 100%

& odlel el aaiiu) A8 o cpull ks Je A kil el g (Vs
A QU las) ¢ gl 13 (pe Al (g )lmall a1 Adlaial) dbiaall cillaal)

¢ 28.6 < 30.2 ¢ 29.8 :Adull Fl o Jpall S L Sie (K5 die G O
u\);_a‘ﬁ\ ¢ L.u}mﬂ Lﬁ)tﬁ*‘d\ ub:.a‘}.“ ¢ Lﬁ)w\ uba.a‘}.“ ¢ lnu}ld\ &._\.w;\ .29.7

.Lauj.'mﬂ L?"‘“"S‘ L.,SJ\:"“S\ ub:.a‘}]\j Lgm.d\ L.,SJ\:"“S\

b LaS @lllg ¢ base o dandlly asdl) pan oy Jacgial) culuad 1Y

_ 298+ 302+ 286+ 29.7
X = 2 =296

Sany ¢ Jagacas 2ae 4N sl & daginall eléj}[\ e paat A JASy Y 4 sl o Sx
OsSs O e (gpdinll el 8 il aaa 8 B axe o) Gy coplaall 2 (e

Y 5STY Ui Tein Ugina cilsal

(Byall 038 raagill Jadh) ) gandl (o s8 (gobmal) Cahady) Grluaad : Ll

Xj (xi — X) (x — X)?
29.8 0.2 0.04
30.2 0.6 0.3¢
28.6 1.0 1.0
29.7 0.1 0.01
Z(xi — %2 =141

lesa Ganaly o oy lsall (8 ALy ¢ Updie Toja e 380 J8Y) Aadll o Jaa

LOmde Cped) Slo (ssing psenallh ey ¢ Ale e Teda s ¢ L Lpie
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_ ?I=1(Xi —X)?
N-—-1

= |22 6
S = 4_1— . mg
Jas giall (g lsmall cihady) : GG
( ) s 0.69 034
s\inmean) = —=—= U.
N 2 "
Ly laae Leld L o 5U1 o o Ll JaaY
) (gobnal) CaladY) slay,
s 0.69
RSD= —%100% = *100% = 2.3%
X 29.6
L giall sasil) (g lmall Calat¥) tlasla
s(mean) 0.345
RS Dmean) = T*lOO% =598 *100% = 1.2%

e Lilas @lyg 0.34 (ads 0.345 & lawgiall gyladd) CGibat) e licase Wil JaaY
el e 3l Waall SIS ¢ 5,,aY1 3shall 3 Y] Gyl aaey Liae s

S idiall (g lmall Cilady) c GG
(Pooledstandarddeviation s))

JS ¢ @il (e Asgana e ST dsag Al B addian g)leall CibadY) (e gl 18
dcsens IS 3 il oo o alall pe ¢ 8y Sal) Alal) Gudll @il 0o B)le Lgia Ao para
Wl SAL sl e e AY) Clegendl 8 il axe e Lgluie 5 of Uapd

G Saall ey . ST Y Ll (e sane e by xS Aiad bl llein Sl 28 8
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Bl s o A glaadl AN G5l G Syl 5, leal axdiadl o5l

Ul g LS ¢ alially Jand) 8 Auulial) Cilallal)

¢ = 1'\]=11(Xi1 — %)% + 2?21()(12 —X)?
P N, + N, — 2

2 angia Xy ¢ (AsY) Ao gandl) i Jausie Xy ¢ dall glamall Cha) 5, Cus
et 5ill ¢ Aty Y1 de sanall plat dae L N, 5 Ny ¢ 4wl de gandll
daph aladiuly 5 Sie Glye 5 @lldy o led B S5 dieal L dne Jilad S :dl

i) padle cpy JEI Jsaally ¢ dajiie Baaa Ay aladiuly ()81 e 55 dauls

(ppm) daulidl) A8kl | (ppm) Syl 48y k)
10.1 10.5
10.3 9.9
10.2 10.4
10.3 112
10.4 10.5

.Sp g_al.u; L_UM\}
Al 35V e panall 30 danigie s Ay aag S Sluaal

_105+99+104+112+105

%, = - — 105
_ 101 +103+102+103+ 104
Xy, = 5 = 10.3

N1
Z(xi1 — %)% = (105 — 10.5)% + (9.9 — 10.5)% + (10.4 — 10.5)?
i=1

+(11.2-10.5)% + (105-10.5)?> = 0.86
N2
Z(xi2 —X%,)? =(101—-10.3)2 + (103 —10.3)% + (10.2 — 10.3)?

=1

+ (103 -10.3)% + (104 — 10.3)? = 0.06
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N1 N

2
Z(Xil - )_(1)2 + Z(Xiz - )_(2)2 == 086+ 006 == 092

i=1 =1

0.92

5¥5-_z otPPm

G @lmall Cilady) sl
(Standard deviation of th eeukH, f£)

e Oieganal glaall Q)adY) Glua st (glaadl CibaVl (e g5 4
ob s ¢ ofiiae ik famie clie s lgle Jsasl) 3 O il
O dalas oy s ¢ o) (e 2aad) Gl e UsSE ) g Alall 038 (e ganall
() amly danis e o iy ¢ A5 5 I Tl asialy sm o e

A Al o il (g ylmall At e el (Saall (has - Lagia JKI

_ ?I=1(Di B 5)2
Sa = N —1

D ¢ (dllly Y daphall aladial) saa e die JSU dilaill daii o @l Dy Cus
LBl (laad) Gl s 5 liml) dae N Lty ¢ Gy ill £ 3ame Jaussic s

& G ¢ galiagll e giad clie 6 23] (Goal laall Cihadl) 54 caua) 1l

¢ Al @l o Jpamnll w8 ¢ A e 3aia Al Al A5kl ciliall @l Jdas

‘ppm
1-'\5&3\ 34;\49.“ 23.:*)2.“ @.itd 2\.}“\#\ :\.EA'JH\ C.JLSJ
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
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e 0S8 eaas dsee (B gy Jeaadl e Gl alag) sl e Al s dadl
3Ly e ddadlad

fa’ Basaadl 44y ) quilss Apull) Ay ) il D;
L)
1 10.3 10.5 -0.2
2 12.7 11.9 0.8
3 8.6 8.7 -0.1
4 17.5 16.9 0.6
5 11.2 10.9 0.3
6 11.5 11.1 0.4
SD; 1.8
_ 1.8
D= e 0.30

?I=1(Di - 5)2 LEh| OS”}

¢ .(D;j—D)? = (-0.2-0.30)% + (0.8 — 0.30)2 + (—0.1 — 0.30)% +
(0.6 — 0.30)% + (0.3 — 0.30)2 + (0.4 — 0.30)%> = 0.76

_ ?I=1(Di B E)Z
Sa = N —1
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(Propagatiofar r orolual) o gulil) Uadl) 8 5430

¢ dandlly Qpally Zyhlls peally @lan Al dplual)l Glleall oo Al daje (& Whasd
O axay ¢ gl 1o oS (ST paed ddg ra a Lgalan Y ) gf) dalladll gl (SO
G S e Al ded@l) ge ey Al aSs o gleall Ciball asgie manag &
pie (et (Al Wliky dalleay el WiSey 43ld ¢ gloa A3yl o Capatll g ¢ sl
aSan Al Gl ol cpey cpdal ¢ Aaha) dluall Glledl A e iy e S

Aerbus 38y gl 8 SB axe (el

Lad o o o ) e dag S ggiad Gumy ¢ Ailiad) Agleal) illeall ) lauil

Aallaall dagll b xb aic dad ) Al dallas
ohally aandl <Yl

ail Can lagaSat 3 sl i Legd olally aend) Jidee o i 38 ke L83 LS
lealiai a2l Alls g ¢ gpall gaall Gpha oo Aillaall 2l Clus dallas (Soy
ISy @y ¢ Sy KB aae cld Aagll U ol ey Y oo dallad) KB aae ded
Aie Y il (ol bl gy LS ¢ lgall 3 Sl oSB aae Clumy agi ag ¢ Ciiga

tol LS i (S lsal) 3 xSED axe Wl ¢ lsall dallaal) Al ilas b

Sa = VSp2 + 52+ 542+ 5.2+ ...

-

lsal Gl

st pe 4 Sg Win e b,c,d, e aall 3 st ple aye Sp2 ¢ Se2 ¢ Sg2¢ S Cdua

4.:\3133\ I\:xluj\ u\); ;u.u;;\ dtm
(1.23 ¥ 0.03) + (5.406F 0.005) =
SO aae ) S e ¢ Lunlall AN e clldy ¢ dallaall adl) Aas Glusy a8 Al

¢l e ST Clsall Y1 (e aae dsag e papad o oy ¢ Aabsl a8
gl e lsall dgall dallaall dadll LUS Koy oda il 3y . Lige
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(1.23 +0.03) + (5.406+ 0.005) = 6.636 + s,

ALK NPT PN WEN I NP

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

Gub oo astes (V) sy ¢ Aile e eiall 8 ady S, ) B ) 3SHD axe o Cumg
G agdes ¢ Ji g all e eiadl 8 lsall 8 oS aae BaliisdU e Y 1Y ¢ bl
e N ¢ (ki F0.03 f) Load 4l e edall b sy o comy lsad) 3 BN aae
ol LS SLlS Clsall (5S05 ¢ g yaa ranal STl

(1.2370.03) +(5.40670.005 =6.64 T 0.03
0 Al Jla
A climl) il aladiuly dlldy yaa A& Ay giall Al baigia caeal

(6506%0.07)(5633F0.01)(6268F0.02)

(65.06F0.07) + (56.33 0.01) + (62.68 ¥ 0.02)
3

=l
[l

18407 _ _
3 + s, = 61.3567 + s,

xI
[l

AL A (e S, Al a0

Sq = (F0.07)2 + (F0.01)2 + (+0.02)2 = F0.073
b sl 8 aSh aaey BlEaM e D ¢ Bl (e el 8 asase B axe o Cumg
Pl sSs dales ¢ B ) Gl g g3l
Answer=6136+0.07%
Lacilly qapeal) Ll
Copall Gl 8 Ailhall clil) dalles 8 odlef Zhlly aeadl Al 3 Uyal LS
AN e AP e ST sae Aot we) calall Gpl oo 838l L5 Load Al
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oo Gl ela Y G ¢ (Qlsadl 8 Glladll SE ane Glua gl ¢ (i e JS0)
Gllaall S pae Gluay Bl Lo 81 Aail el Clal) A3l o (gay dpalidall 2ol
Cun (Ko Y ald ¢ mphalls peal) Alla 3 Ly Jpenall s2clill CDA dad ¢ lsall b
pe Ul gt ¢ Yl o) KW ae s e 3 Yy ¢ il IS8 el ol

tCua ¢ Galhaall oS

Sa

S)yer= t—2—
(Sa)rer —answer

Sg = answer (Sg)y el

pAdll) A (e (Sa)rel Glas (Says

(Sa)r el — \/(Sb)relz + (Sc)r el2 + (Sd)r el2 + (Se)r elz+ .
0N Aplad) Aleall Clsa a2l
(1.2340.02) % (3.527 4 0.006) =
o sandl ae ¢ ile caulal) e ¢ Ailhal) Al G Aol 8 odle] @)Sh LS
¢ lsall b Glhaall SB axe dad Clua gl ¢ e JSE ¢ ABY1 e ) 220 d9ag
:4.3382 sa (@M\ PRV k-\b;) G pall dlee A C_\..A:\S
(Sa)rel‘.—’l'“‘; 47.‘\3" A L"’lj TZ}“’L‘A Sa ‘—'L"‘A US"".. \}I USS
(1.23+0.02) * (3.527 + 0.006) = 4.3382+ 5,

toSle | Alall 3 Al 3 (msxs (Sg)y op J) lualy

(5.3 ?0.022Jr $0.0062_$00163
Saret= [\"123 3527 )

Al (e S, Aad 2a g Y

S = answerk (Sz)rer
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s, = 4.33821% (F0.0163) = F0.07063
ol LS e UK Clall S (S g
(1.23+0.02) * (3.527 + 0.006) = 4.3382+ 0.07063
(0) <l e e3ns (7) Bl 0 i o el s U axe ) Glsall (e g
e Y ald ¢ Dle e eiall 8 B aae aag 4l Gy Ll (6) YT Bpde (e edag
P Sl sl (s g ¢ sl 8 B S all e eia) S aamy Balinadl
(1.23+0.02) * (3.527 + 0.006) = 4.34+ 0.07
AT Jbie
A Aplad) Adenll daghs Coneal

(2.2 +0.1) % (3.58 + 0.07)
(1.623+ 0.003)

= 4.8527+s,

w)xiew,tum \ﬁ‘@zbﬁuj‘ami&ﬁ\w@w b ail) dallae oSay
Pl b llaall KB aae la cpal ¢ Uge) lsad) 8 230

(2.2 +0.1) « (3.58 £ 0.07)
(1.623+ 0.003)

= 4.8527+s,

(S)rer s Ay ny Laily 533l 5 s (S Y (S

todle] Alall iy Adal) 3 (mgni (S4) e J) sl

_|(Fo1 2+ F0.07 2+ F0.003 2_$004952
Sarer= {32 3.58 1623)

A (e S, dad aagd Y

Sg = answerk (Sg), el

s, = 4.8527* (¥0.04952) = F0.2405
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el LS e (8 sl S (S0 4o

(2.2 +0.1) = (3.58 + 0.07)
(1.623 + 0.003)

= 4.8527+ 0.2405

e (e o3y (2) e e o3 oo e 5iSe Gllaall SSE axe o Glsall (e ey
ead) & B ae aag 4l Cung oy (5) YT Bpie e s3as (0) Al (e ey (4)
Clsal) (s g ) Ale e eiall 2 SB paay BlES Jae Y 4dlé ¢ Ble 0

P oa Al

(2.2 +0.1) = (3.58 + 0.07)
(1.623+ 0.003)

= (4.9 4 0.2)

: AL Jba

iS5 Al Aadl) i pladiuly @llds ¢ Jo 25.00 leans die & 2RI i &
b Gthd) U axe o cule 136 e 36.78 ) Bplaall cialia) Cus Jse 0.1167
¢ Ja 0.04 58 axall i (glaall Caha) Gy £0.0002 OIS il s 385 yasd
tgsk mmols J) 2xe ) AL ol (e alad (i
mmwl =molarityvol umdml)
tsl LS Aplual) Allsal) by (Say ale
mmol chlorid= (011671 0.0002) * (36.78+ 0.04)

mmol chloride (0.1167+0.0002) * (36.78+ 0.04) = 4.29223 ¥ s,

lla (Sa)rel Jlesy e)s-‘ W il K s, J el @-’aiuu AR Cuag

todle] Alall il Adall 3 (i gailly

~ 10.00022+ F0.04 2_%00203
Sarer= 51167 3678)
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A e S, dad aags Y

Sq = answer (Sg)rer

Sq = 4.29223%0.00203= F0.00871
P LS Sane JS Qlsall US (e el
(0.1167+0.0002) = (36.78+ 0.04) = 4.29223+ 0.00871
T Bpdie e edas (8) <l (e ein o s g B axe o Clsal) (e g
e Y 4l ¢ all e giall 8 aSh aae aag il Cung 1y (1) @l Bl e 6305 (7)
Sl Clsall o el i T sy e edall A Cilsall 8 KB aney LliadU
P
(0.11674+0.0002 = (36.78+ 0.04) = 4.292+ 0.009
Ol Je 250 lgenas due 8 Gllil ¢ Ja 25.00 2)3 ana b Lad aSEI axed dagill 028 (S
ey XUl axe

Uncertasintiyn250mL = 10+x (4.292+ 0.009)
= (42.92 4 0.09) mmol

Lpnal) a5l ane dagdy A¥al) il oY) Aids

Cahayl) Adbaall all & alladl oSE s Gl S S Aalal) AR 4 Ly
Aansilly Capally 2 oally peall ¢ g s Al Cilileall g ¢ ()lenal)

G AEY) aacy Sl KB ane o B85 Gllia G Euay Al ARG jlas) 5 g
S aae o ) @llin IS ke tdlall o8I L Aabidall el e dduiad) AN
e liball Aadll (e Al Lalladl) Aol & 285 gl

gl Ay Ja 4kl

(931.0 + 0.4) * (9.245+ 0.008) = 8607.095 + s,

44 cishlll v ada jiia 3,0 — dgasl) Aldal) plaasst)



¢ Jal gl 8 (Jlaall s3a Jie 8 saladl o LS) Lella o dllaall desl ol

Sg J) b (e by S S (Sq)rer dad il (Y1

F0.4 2+ F0.008)’ 0.6+ 10-4
— — — *
(Sa)rer 931.0 9.245 '

Sq = 8607.095%9.66 « 10~* = ¥8.319

b S aaed e ¥ Cis ¢ omall 2l ady gena) ST e b Js (Vs
Y dgley omaall sl aSE e dllia b Lo lall 8 Ble e e3all S lied)
I ¢ (el 222l & 4 Casmadl 2SE axe () Sliel e gy of Glsall (K
Clsalls ULy mmall 23l 8 Ll 00 of Glall 3 Glhaall B aaad 2 Y
st paaall
(931.0 £ 0.4) * (9.245+ 0.008) = 8607+ 8
Bpa o S e aile Vs
(931.0 £ 0.4) = (9.245+ 0.008) = 8.607 * 10° + 0.008

an i Lee J3 AV 3 QYY) e 22 el dillae ded e Qlall gl Cua

s laal) )

(731+0.2) * (2.245+ 0.008) = 16411+ s,

(S)rer Sl 8 Taaly ¢ Alliad) Ja Gl Sa dalhaall el lga @il ()4 5y

el LS iy ¢ bpilie 55 il i Y Ll Cua

02 2+ F0.008)" F4.493 1073
= —_— = ES
Sarer= (737 2.245 |

Sg= 16411%4.493x1073 = F0.737

45 cishlll v ada jiia 3,0 — dgasl) Aldal) plaasst)



Ol by (grde sin Y Cagyma lial) 8 oSH e G alad gesall 55 dad (e
o Ampmaall dagilly « L e e5a Y Lol 0680 o i s

(7314 0.2) * (2.245+ 0.008) = 164.1 + 0.7

Gygunal) S a2 Gad of e oSy ¢ Al el o sl lyad) o casen ol
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confidendé m & x

Confidence Level
80% 90% 95% 98% 99% 99.8%

I 3.078 6.314 12.706  31.821 63.656 318.289
2 1.886 2.920 4.303 6.965 9.925 22328
3 1.638 2353 3.182 4.541 5.84I 10.214
4 1.533 2.132 2.776 3.747 4.604 7.173
5 1.476 2015 2.571 3.365 4.032 5.89%4
6 1.440 1.943 2.447 3.143 3.707 5.208
7 1.415 1.895 2.365 2.998 3.499 4.785
8 1.397 1.860 2.306 2.896 3395 4.501
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Values for the F Statistic at the 95% Confidence Level
Degrees of Freedom (numerator)
Degrees of
Freedom 2 3 4 5 b 7 B g 10 20
[denominator)

2 1900 1916 1925 19.30 1933 19.35 1937 19.38 1940 1945
3 955 928 912 901 894 889 BABS BBl BT H66
4 694 659 639 626 616 609 604 600 596 580
5 579 541 519 505 495 488 482 477 474 456
B 514 476 453 439 428 421 415 410 406 387
7 474 435 412 397 387 379 373 368 364 144
B 446 407 384 369 358 350 344 339 335 315
g5 426 386 363 348 337 329 323 318 314 254
10 410 371 348 333 322 314 307 302 298 277
20 349 310 2B7 271 160 251 245 239 235 212
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Q values at different confidence levels [CL)

n CL at 90% CLat 95% CL at 99%
3 0.941 0.570 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
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il e 33LA Lgiad 8 cundl (Y ¢ 45.0 Aadlly LlEaY) Gy 4l ey 1368 Qg

csthaall A8 ggine die Lolaan) s of cSadl e (AN
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asiiual) Jadd) Alslas
Sl asy ) dalad) A bl cbesll G Lgals olal) e ESH 8
alatiuly elld Jads (o€ bl Jalyal) 5 Ualad 5 L afies o bysm e lgde Joans
O e Wl e Ly ¢ Ll e 20 S sl Ball e of e L) al)
Lall dpangl oty clllall o adiad anll 3 ikl oda CaudU (S g5aY) Lata)
oalasl) Clal bl G e 2 Y 3 ¢ dagmas duade Gul gndS Vs ¢ i)
oe <aigill Adaalll oda die Uile cand) 13gd bl i aading aeadl o e a2
Uslee 2oy Saall Gag - lgie Y apiianall Tadll Alslae a2dios oy ¢ diphall oda Hladin
drad DA e Al linear least squares lgeal (o ddbide Gyl i) Lol
Y 13y ¢ oS L Jil (resid uals) aiwall Badlly Zabidall Ll a clilaal) Gl

(bestf §f oY) 58 ¢ aals afie LAl V) 3isy
talal) Ol 32l ) ¢ aia) Jasd) Aalae 2lags
Y=mX +b

iad s o) Gy ble ¢ (intercetabld) b Ly (sl opp dudl 2 m Can

Y (51 gna) sz s X (concentarti JRiyps (Sa gnsb sm

D)) Jie ¢ diphall o3y . Glual fua sae clliag

m = 2xy) — Ex; Xyi)/n}
(£x2 - ((=x)")/n}
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A e b ol (S ek
Y=mX+b
Y ol bugie VL ¢ X af g X Can

8 (Al Gasasl) (uld a3 dilgs dle A 20 (ualld S Cpadl At B 1l
ol LS il lh (pualtdll ALl Jllaal) (siany

Jasas) (ng/L) S
0.000 0.000
5.4 0.100
12.2 0.200
22.3 0.400
433 0.800

b Ol 35 o) ¢ 15.4 Ay sy BLE) S Aggae Al s 138
gil*d\ eu)l\ a\.\ﬁu\ $9 ¢ Z\.'\..,HJ\
talaleal)l e M i Al =

= ZExy) — Bx Xy /n}
{Zx = ((@x)) /n]

m = 53.75 Lplaxid

:idaleal) (g

b=0.6:1l Jaxs
taaficeal) Jadl) Aalaa (588 Mg

Y =53.75X + 0.60
Clon LiSey 40l ¢ Aal) g (o8 impagl Ay piinall Il dlilan b Gimaseilly
1 seaal) dnml) S5
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154 = 53.75X + 0.60
X =2.75ng/L gy
correlationco ef ficien€r) bli) Jala

alatinly )lay) 8 A <G 8 el e ) (Ko el Gl Jld) W)
L)) e Lin o e ¥ sl Jadl) dslae b Caudl (K1 L aisd) Ladl) dslas
Lall e LA i g2 JAT Grar 5 ¢ pmad) Lepana (HLEY1s 5S) cupial)
i o Jpanll 2 Cun ¢ ) agdl G Q) LY bl Sadd) ey 43D i)
SV A 1S L) dalae 8 Cus ¢ i) e (e sane o asiiasall Ladl) dales
& hsaa 08 Ly ¢ (Lu) JSE0 ¢ aial Ball (e las Agi S e a& Ll

(oY) IS ¢ aiasall Tadl) Jea Aiiiie Jalis) (5 &Y

0.400 - o/ 0.400 |
g / | —_—
€ 0.300 ' €030
: i :
=] Q
? | @
Zo200 / 80200

0.100 / 0.100 -

5 10 15 20 25 E 10 15 20 25
Protein analyzed (ug) Protein analyzed (ug)

QS WK T 1 @jisi Cua v = from—1) to (+1) e asl) Ll Jalas sl
Ne adaly i Byl g8 LS el 4al aat ey o (L) aul) ST dals )
il

LY Jalee e Yy ¢ Laliy¥) Jalaa gy dlean) malylls olalall (o HESH axdiiosy
D 0kege Oadaa Sl Baaag ¢ A4nd

Al 7 e ClS a8 AL Aal (e Gl 7 a1
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13 Gl (1) Ge LA 7 anpe O 18 ¢ il dad o sole Joani 7 a2
o AN Adlaae ST pnes 72 dad old Gl ¢ L € LY delae o
L@l gi g ilial) A8y (gaa raa gl adAD a9 ¢ Jali Y]
i ) e de sanad Balgp¥1 Jeleas asfiall Jadd) Alalea BlEE O JSAL ol (e
gl Letie Ay ¢ Ailan) mabdl Ge wall dadinl BAL by S JS
.yl EXCEL

68 cishlll v ada jiia 3,0 — dgasl) Aldal) plaasst)



S el
(Stoichiomety) 4alill cdle i)y cfpuiaail)

3ol elgm ¢ Vsl 2o o AR Ll e stoichiometry J) iyt Sa bl
3o ) AdbeS Aalee 6 dilide dsal ) ¢ (ks S g Jlae 0585 OlS) Basls
Jooe Lt L) Adbes)) Abld) b sald) diaa J8 LEES sy U el

il Aabeall ) laalls Wiad « stoichiometry

Na,CO; + 2 HCI = 2NaCl + CO, + H,0

¢ HCl J1 4o J50 2 330 pe Jelily apageal) lig€ (g 2aly Jse 230 o) Jsill oSy

Jb A edy ¢ amagall Gl Vs 220 G gl HCL I <¥se 220 o

Gllual) b aedl sag) lualyy lld e uaill (S . Jelill 138 3 stoichiometry
#ofmol HCl=2+#ofnmol Na,C0O,

Apall L) ALl e Gaaam Wild ¢ ddgall LIS 4Las Slsall e Gl Levie
gsisl) cuail @llys ¢ (formula weight (FW) ) Zaaall (e leie amis ¢ AL
Aia ol asleall (e 3 ¢ (molecular weight) sl (sl mlhas alasiuly Uaall 3
Al LAl b b o g 8 ¢ Ll lSoally Asl1 Sl o B
S gl e Jead Baaalis Jals yr pand) leans pe i (lewdld Loy Sl o LllS)
e % b Y Anel) Gl 8553 gl o axi Ll ¢ e e Al 3aals Basg
Alsl adles ¢ @by e o Al Akl gy Ll ¢ ALS Ay Gpb oo
JCall b LS ¢ Aliine clia el by oS ¥ gl 0S8 e dsl) Gl

:aladal) Ll G (gL
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Laily ¢ Cne psmiga sl Jatipe 4 o Cpme M (ol Ganads oS Y LA
s Al Y (FW) dapall (4 sllaas aadiuin 1] .cubd sae e da)l g4
Jaaalis ol Lisd O elpm S5l e
Al e pmgall ) Joaill 138 apesh 3l (o 4lad ¢ Liaf
(GLal ¢ 4 T (e a5ull) sasly saley 3lai Cililung Cilyuzass i
¢ 7T N5 el ¢ L piaka sale) sale (g iU Gl clilaay Gilypuasd i
(ctaj

A e g sall Jsa pmaiid ¢ illuall ¢ 153l Wl

(Au¥sal) alaainly) e sale (pe (pame 385 juaad L

DSl Adg yaa Bale (e (e paa A B3sagall Balall S Gl

Adliae Glasg pladinly axe Jolae 4 Lol 3S5 e yuadl)

28130 Balall 4y gial) Aully ¢ Jolaall 280G aladinly 53K 5 2okl L) 585l Gl

449

g

i VORI Y

Alally 4Vl (o AR L5

(Apbeadly Ay Vsall alasinly) Al cDlelinl) 8 40l lluall .6

lee)pls cilplaal) .7

1) pstaal) (e Cam ¢ Aipma Bale 385 e uailly Chpmatl) )l ¢ (s

wei git g
FwW FW (g/Tml)

#ofnol es=
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pai o ST aall e 438 ¢ 3alal e AL LS andin (el Cilef 8 Wil aag
:éua « mol J) e Liase mmol J)

mol = 10° mol
) Al LS (K L,

coSally mmol Jlmg (e Jisaill (e ddasnd) Aaleall 28 LS

e A 5okl e csal) 232 V) a Lo A Voal) of Lia S o adall e alad ¢ L
o (@) S Logan paiins ¥ Wl Cuny  Jsladl o gl ojltie aan b ¢ 5ol
AUl IS A Nsall e peill (Seall (e 4ild ¢ eV e el

m)l_mml

L mL

:Qi}i
mmwl =M=V,

Fua ¢ iyl mmol J) e el (S 4 laals say 4ils e

mml=ﬂ
Fw

-

mmwl =M *V,

aaS Gluag ¢ 4 Vsally dalaiall Adlisall Ghuasill 4 Gleadios GGl Glilabeal) Loy
ols) Oire Jslaa (A saladl s e Caaas il Cuag . Cme Jslaa & A8l salal)
:ol Jsill e ald ¢ (Libas Dol

el ¢4 U T e agid) 8 Jilad) Ja 8 Alabead) el alasiind (Say ¢ Julls

LA
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1. Find the number of mmol of NaBr (FW = 102.89 g/mol) present
in 1.2664 g of NaBr.

mg  1.2664x10°

Fw - 1o2g9 14308

mmwol =

2. How many mg of NaCl (FW = 58.44 g/mol) are contained in

2.35 mmol of the compound?

| = —

mmo FW
_ mg NaCl

2.35= 58.44

mg NaCl=2.35%58.44 = 1373 myg

:Js¥) gail) Ao Al
1. Find the weight of Na:C204 (FW = 134.00 g/mol) required to
prepare 250 mL of 0.1000 M Na2Cz04 solution.

mg
Fw = M Vm
1340(): 0.1000% 250

mg NazC204 = 0.1000*250%134.00 = 3350 mg

2. What is the molarity of a Na2CO3 (FW = 106.00 g/mol) solution
resulting when 0.3625 g of Na2COs3 are dissolved in 100 mL

solution?
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mg

Fw = M Vm
0.3625% 103 M %100
= k
10600

M =0.0342 mol/L

3. How many mmol of Na;CO3 (FW = 106.00 g/mol) are present in
each mL ofa 0.1 M NazCO3s solution?

mmwl =M *V,

mmwl =01x1=0.1mvol

4. How many mg of Na;CO3z (FW = 106.00 g/mol) are present in
each mL of a 0.1 M Na2COs solution?

mg

w = M Vm
g _
Toeoo ~ 21+l

mg Na,COs;/mL = 106.00*0.1 = 10.6 mg

WySs ppb Jis ppm J) @laag aladiuly S8l oo el
Gl Gapl Cny ¢ lgianke 8 cabias 8 el o ) 5L e 0 Y Rl b
B dlia ang 4l SAL paall e (e o L) Gl daglay (e o Jil)
r bl e g sl
dadd b Gulail) Wbl (gas ¢ alia Cuda b Gilia (ilae (e 0585 Al die ]
) claa/oda gl 13 o Gllayy gty ¢ Gk dakd Gl ) ¢ Ll

(bl Ll e Aga Ly B I e Apae :@jgi‘w/w
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el 3 byed SSY) s ¢ Pile Gude (8 clia e (e ST AL die 2
Adbide dillae sl oLl 8 30 Aabdd) Ssall Wbl (e ¢ dglial)
aaa b I e Ae &35 6 ¢ WV ) dilafcilia gl 13 e Gllayg
(AL Al (e Cpara
sLasll 3 Lalasind J8Y) ay ¢ Jilee e 8 Jile e e (0S5 AlLL die .3
Jilas prmail ela) (8 3S5al)l Joasl (e dima 43S 203 Lgilial ey ¢ Agbidal
Gl e (e aaa gl ¢ VAV ) Bila/dile gl 13a e Gllays 1S5

elsil el @lldy ¢ Aumll 8 QA 585 el diline Y alee GlESN Sad) (g
fol LS ellig ¢ Amape ADRS Ay giall Aal) oyl aladialy ¢ Aaladl i)
(W/W) ddal) clisd) Y

gsolute

partperhundredpph) = We* 102
tosly o ele o Qall e edall AU cV bl LS Sy g
_gsolute |
partperthousandppt) = We* 10
partpermi Ll i dppm) = %Z* 106
o _ gsolute
partperbilli gppb) = We* 10
t e hlaia¥) aladiuly Sl @l e pueil) Load (Seall (e
ppm= Y _Hg
kg g
(W/V) adilad) clial) : L
partperhundredpph) = %e 102

tosl 5l ale ol Call e e dall A0N Y Sleal) BUS Sy Lgiag

sol ute
partperthousandppt) = _goowe, 1

03
mL sanple
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gsolute

. . _ 6
partpermi lli dppm) = mL sampl e* 10
S _ gsolute 9
partperbilli gmpb) = nisarrple*lo

t e CLaial) alasinly GBSl Gl e el L (Sadll g

ppm= 2= £J
L mL
(V/V) ddild) cslignd) < G
ml solute
partperhundredpph) = We* 0
tosly o ele o Call e edall AU c¥ bl LS Sy g
ml solute
partperthousandppt) = We* 0
R mL sol ute
partpermi Ll i dppm) = We* 0°
partperbilli gppb) = %} 10°
t e hlaiaY) aladiuly Sl ol e el Loal (Sad) (e
uL nL
pem= = or

Gliall ppm Jb S0 Gl Gl Lad ¢ Al A8 @l ) plal ¢ (Y
Hedsal agh e oSt S W/V

ngsol ute
= k
ppm mL sol uti on
_ mg solute
ppm= Lsol uti on
_ mg solute 03
ppm= mL sol uti on
g solute 103
= — %
ppm Lsolution
sol ute
ppm= g 0°

%
mL sol ti on
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Al 330 e e Jpeanll Sivee clBall 03 (ary adiining
A

1. Find the concentration in ppm of SOz (FW = 64.06 g/mol) in a
200 mL solution containing 1.549 mg of SO..

D) i) Lgien Gag ¢ Jilusall 038 Jia pe Jalaill (35b 520 plasind) Liey
:aalul)
ugsol ute

ppm= mL sol uti Oﬂ;’l

1.549% 1031 gS 0,
200mL sol uti on 7.745

A A aladia) Say

ppm=

mg sol ute 03

ppm= mL sol uti on

1.549mg S 0, ;
200mL solutiont? = 7745

ppm=
Al 3D aladi) Sy

g solute

ppm= mL sol uti on

1.549% 1073 g S 0,
106 = 7.745
2007 solution

ppm=
A A aladia) Say

_ mg sol ute

ppm= Lsol uti o*n

1.549mg S 0,
= 0200Lsolution = 74

ppm

Sy WS ¢ ALl aldlall e ) alatiul LY (il ) Jsagll i ail agall

el alall iyl lelpe pa ¢ Ayl el ppb Jb S5 Gl
ng sol ute

b=
pp mL sol uti O*Tl
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ugsol ute

PP = Tution
pob= L 10
b= T 10

2. Find the concentration in ppb of Hg if a 1 L solution contains

0.53 mg Hg.
Jslals ¢ (@pb sany Al Ja oSadll (e ¢ oMel HsSaall Jall 8 Caslu) (i alasiuly
lgie Gudil Aoz

ng sol ute

b=
pp mL sol uti o*n

b 0.53>f<106ngsolute1 530
= % =
pp 1000mL sol uti on

D st Sed) e

mg sol ute
b= —— =+ 103
PP Lsolutioﬂ;l

0.53mg solute
ppb= 1Lsolution*10 =530

(e AY) L Aasiul dlad) Sli€a

3. How many grams of NH3 (FW = 17.00 g/mol) are there in a 500
mL of 4.85 ppm NH3z solution?

rJal) b A AL Aadiu) (Saal (e

_ gsolute 106
ppm= mL sol uti on
?7 gsol ute
4.85 = g 0°

500mL sol uti o*n
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4.85%500
? g so ute= BT 24251073

Or simply 2.425 mg
L aygntll 3l e ¢ A8l Bl e ol alasiuly Alall s oSy

wuSally ppb J) sl ppm ) A LN sl e Jygad)
SISy ¢ Apslhaall claagl ahasiul sale o 385 e el e S ) agadl (e
e A6 Al ) ey g pal ) sany cpe Jusal)

mg sol ute 03

ppm= mL sol uti on

:‘_'ﬁel’_}
mg sol utee mmol x FW
AL ALY 4 mg J) e sl Y

mmwl = FW 107
= ES
ppm mL sol uti on

) Larj\ astrall e oS

mmwl sol ute

mL sol uti on
A6 28 el AR e Jeans Loayl (o saiily

ppm=M =« FW =103
e oSaly ppm Y Aplse Ga ey A dasailly il e LSS ABLL o
2yl el A A ) Jpemsl) oSy LS

ppb= M x FW % 10°
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1. What is the molarity of a 4.85 ppm NHj solution (FW = 17.00
g/mol)?

Cua « mmol ) mg J Jisaiy asi o Letay ¢ Allisall Jad bl s2e cllia adally
)

Jisndl FW J) e anis (V5 ¢ 4.85 mg/1000 mL 5l 4.85 mg/L =3 4.85 ppm
fdp¥sall Je diasil ¢ mmol )l mg J)

4.8 5/1 700

= —_— = —4
M 1000 2.85%10

réua ¢ Gl L) llaay L A8 aladiad Hlaialy oKay
ppm=M x FW % 103
P blal) g saillg
485=M=x17.00%103
M=285x10"*

2. Express the concentration of a 1.394*10° M Na“ (AW = 23.00
g/mol) as ppm and ppb.

:L@Au,_gluiﬁqgi\jw\d;jjgw\wﬂ.aj
s 3 ppm ) ol ¢« ol e 1 b IS G sl 32 ga Apsdl o olas
Nl Jist (e Cum ¢ A s adey . Jslaal G i 3 3l e mg )
Jinall AW ) 4 mmol J) iyt & (g ¢ 1000 & Gpall Gyl e mmol )

ppm J) e dasil e mg e
ppm=1.394%1073 »10% * 23.00=32.06

ppb=3206%103
D) a8l Al s e Jpanld) (S LS
ppm=M * FW = 103
ppm=1.394%1073 + 23.00% 10° = 32.06
ppb= M x FW % 10°
ppb=1.394%10"3% 23.00*10° = 32.06%* 103
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pPpm Jb G 385 A Jslaa judaad

J Ji) Aa¥) Clegenall Ganyy dypaiall Glisll GBSH oo el 2y Losile
A Je Jpanll (S ¥ ¢ cadd oS¢ ppb J) s ppm J) lasg alasauls (NOy
3S5 4 Jslae jpcant ) et 3¢ M L (e e Laily ¢ Baiie s
J sl Na,CO; J 5l « NaCl J) Sy alasiuly ¢y Na' Jl e cpee ppm
Jal e Sl (e WAl Comy A 4330l Capas of (S 1)) Caé ¢ laye S « NayPO,
S(ppm J) ass) sl e Crme S5 ppdasy

ppm J Jisad lebaad Jal ¢ Al Gylay Jiluall 038 Jin o & laill (Sa adlsl) &
¢ eSyall Aype Y sSl A¥eall it & s ¢ b Liaded LS ¢ B3¥se ) 0
o Jpmall Ciglladl) aanll 8 Ll Gny (3 Sl A5 Ayee Jendl (10 Ll
g ¥sall

AN

1. How many grams of NaCl (FW = 58.44 g/mol) are needed to
prepare 250 mL of 1000 ppm Na* (FW = 23.00 g/mol)?
EEPES JPREN
ppm(Na*t) = M(Nat) « AW (Na*) = 103

Foa sl

1000= M(Na*) *23.00% 103

M (Na*) = 0.0435
NaCl - Na
mol (Nat) =mol NaCl

M (Na*) = M NaCl=0.0435

th LS oY) Ald) il ¢ )

£0.0435 M 23S 55 Jslae (10 250 ML pmadl 2ad) NaCl J) cilala 2o oS
ol Cum ¢ 0sSs Lo dand (e Alle 4

mg
w = M Vm
,
‘mg
YV 0.0435% 250
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?mg NaCl=636010.636g

2. How many mg of NasPO4 (FW = 164.00 g/mol) are required to
prepare 500 mL of 25 ppm Na* (AW = 23.00 g/mol) solution?

& (s ¢ ) Ase I Na'™ J) e ppm J) dassd Dlay Jslas ¢ Aladl daplall udty
¢ Sl Ay e Jpeanl haaly ¢ (NasPOy) <Sal) a¥se ) s &¥se Jasad
th Sl
ppm(Na*t) = M(Na*) x AW (Na*) * 103

Foa sl

25=M(Na*)*23.00%10°

M (Na*) = 1.087% 1073
Na;P0O, — 3Na
mol (Na*) = 3nol NasPO,

1
M Na3PO, = M (Na*) = 3.63 107"
b WS oY) Aleal cagal 13
23585 NazPO, Jslas 30 500 ML uasil 4 NagPO, J) s 2 oS

€3.63x107* M
:j&g;4d}s_.gula~gio,qﬁhgaj
myg
Fw = M Vm
?
g -4
1 4.00—3.63*10 * 500

?Tn‘g NCL3P04 = 29.7
35S0 Jullaa (e Adiia Jullaa judans
ool () i) Byl e @by ¢ A 5350 (A) (e Adide Jilae jpiast (S
3l Jolaall (e Agiiall csall 220 o Jlasall (e gsill 13gy dileiall lluall Liagd
chaaiad Yy 36 Y salad) ¥ elldy ¢ Caitd) Jelaall G clsall s gild o cany
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Jolaal) oo sl all Sl ¢ il 10 56 ¢ 53 () salall (g aaly e Ji5 o5 5l sl iny 13
im g ¢ Jai Tasls Yse 05Ss oF cony Jillaall Gl e (sl 3 ci¥sall 220 6

mmwl (fromconcsolp=mmwl (indiluteolh
ol |

M;V; (cong = MV, (di)

My, Vy i ¢ 590 o) Jladl e paalls Bl 0 e M,V of Cam
cidall Jolaall Sleall anadls 48lall 4)¥sall e Oy
L]

1. What volume of 2.0 M NaOH should be transferred to prepare
250 mL of a 0.1 M solution?
M;V; (cong = MV, (di)
2.0V, (cong = 0.1 250
V; (cong = 12.5mlL

2. How many mL of 0.54 M Ba(OH): should be diluted to obtain
500 mL solution thatis 0.3 M in OH- ion?

Ba(OH)2 ) 1S5 casa sk Ba(OH)2 U1 8 OH- U 385 of abes off By elile
:Ba(OH)2 J @¥se 220 Cirun g5k Ba(OH)2 JI & OH- ) c¥se 220 oY
mmwl OH™ = 2mmwl Ba(OH),
[OH"] =2%0.54 =1.08
Now, we can proceed solving the problem:
M;V; (cong = MV, (di)
1.08*V; (cong = 0.3 %500
V; (cong =139mlL
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Ay gial) Ay ARSI Lpa ghaay Jlaal) 15 b
ISRV O K FORSENK B U S EOU DG ST T IR P UL
D) W uaoale Aglmall AVl Cilaag dgma e 3Sal Jdladd) GBS )
sae JBall Jasw o aaid L3 el dpeally 86 Alasiuly 33l Jilaall el iS5 e
119 lajlaie 3865 37% 3850 S sl o an ¢ clyyslSg i) paea (e @S5
25% o pmeall (e dusie Lo o ggimg SAT S5 s of S L ¢ g/mL
OSar a€ ¢ Jhpaally sasdsll salall Syl e S Heg ¢ 1,12 g/mL a8 d8US,
) gall Gl Fia (e ¢ Aaslae Ay p¥se 4l Chide Jslas ypiand
un ¢ Al A Al o Jall (e Al 3
¢ Jelaall e 2alsll Allall & saladl e LA Glahadl 2e e Jpaall oSy L
sl aaball Aygiall Al b oladl) S Copa iyl o <l
gsolute gsolution gsolute

= 0 =
mL sol uti on d+%

mlL sol uti oﬂ;'tg sol ution

mg sol ute 103

mL sol uti on
A LS Sa Cus ¢ Vel e deans Wl FW JI e dadll Tyaly 23
s JSAll Al

M—d*%*103
- FW
¢ 0.28 iS5 28% Jie At () gl ¢ uSS Aygiall Al US S5y 4l oLal) cany (S
¢ Jsladl 935 e ein p Dlda) 3ol S Y ¢ 138 ¢ 0.94 (S5 94% Jie L
e die Liae Ulecal Cuady
PN

1. Find the molarity of a 70% nitric acid solution (d = 1.41 g/mol,
and FW = 63.01 g/mol).
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d * % % 10°
“TRW
1.41 % 0.70 * 10°
- 63.01

= 15.67

2. How many mL of 98% sulfuric acid (d=1.84 g/mL, FW = 98.08
g/mol) should be diluted to obtain 1.00 L of a 2.00 M solution?

Cagal) ADle Ml (S bans ¢ 35l Gmeall B¥ee dayl seall e ¢ Rl

tdall ) Jpeasll
dx*%*103
T W
1.84%0.98 x 103
= 98.08 = 1838
Al e ¢ Y

M;V; (cong = MV, (di)
1838+ V; (cong = 2.00«1000
V; (cong =109mL
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Jllaal) juzaaty daletal) cililual) Ao de gite Ay a0 At

1. Assume you are asked to prepare 250 mL of 0.1 M MgS0. (FW
= 120.37g/mol). How many grams of MgS04 are needed?

il cua e mmol J Dl aladinly Alid) da e Aseadl e

mmol = Molarity * Volume (mL)

_ng
mmol = W

:Lf”—’ \&j

% = Molarity * Volume (mL)

ool ADlall & sl (om Lile Le Yy

mg

12037~ 01 * 250

mg MgS04 =3009.25 mg or 3.00925 g

LY ge g Le Jolaal A ¥sall apant 2y of s 3 sla) i g L) Ll (Sl (g0
iad ) dseasl) (S anls Jsene Loal (S Ll oslas s 8 3ol (g Aisna 433

ke | 4D

2. Find the molarity of a MgSO, (FW = 120.37 g/mol) in a

2.354¢/100 mL.
5yl Cilidamal) 1S Sy Ay lall pudiy
Y _ Molarity * Volume (mL)
Fw
2.354%103
————— = Molarity * 100
120.37
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Molarity = 0.196 M

3. 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 HCl = 36.5 g/mol). How many mL
of the concentrated HCl solution will be needed?

B (e Sl Gmeal) 45¥se paat 5 ¢ Yl

M—d ensityxpercentagex1000
B Fw

IS Jlaall ABS eyt ZAESH (o Cus ¢ A0 oda Liite S of Ayl agall (e Jal
¢ Laid 410 %32 & HCI Ul 4w oY « HCl e syl Jslaal) JS Gud oSEe 1 mL
JUHCH O e clahall sae e Joantl ¢ Gy gial) dully ZESH Cpun Uide 2iay Lae

Glahall dad Gy Gyl e MY ) Glaball 2o Jigat &5 (g - Jslaall 0 1 ML

. mnol mg
A sl ‘TGL’UFW J e danall ulse;wj‘ﬁc_ua.\l 1000 3
_1.145*0.32*1000
B 36.5
to) Cun ¢ Jall Jes) Al Jead) e Vs

=10.04

M;iVi = M¢V¢

10.04*V; = 2.5*500

Vhc = 124.5 mL

¢ 3Sa) Gaeall e 124.5 ML cagas iy gllaall Jslaall juiaad o ey 1ag

paa i Jolaall Js) &5 ey ¢ il clall (e S ) Gaeall ddla) Gk e
chid) Ll (e aniall dalaly 500 mL

wuSally ppm or ppb ) 4 ¥se (e Jagail

pPM l 4¥se e Sl ¢ SN Clasy G dieaill dulSa) sl Bilue sy
rua ¢ Wle W) WS« ppm J) Cagpes e adiad Jisatl dolee Gl ¢ (uSally
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ppm=Mx*FW 1000

ppm

M= +1000

4. Assume a fluoride (AW = 19.0 g/mol) solution that is a 54.66 ppm.
Express the concentration as molarity.

54.66
(=9

M = 1000 = 0.0029

5. Assume a 3.2*¥10° M Na" solution, express the concentration as
ppm Na" (AW = 23.0 g/mol).

oAl Ayl Jal) 8 S Uses ¥ ¢ il da diph W)

+

mg Na

mg Na* <0.0032*23.0
m. ml

73.6 mg e ssiay 1L JS b Jsil) (e 51 0.0736 mg e s sisa mL JS o

) =0.0736

73.6 ppm

+

mg Na
100(}ri,)

+ bbbl A3l alasiinly Jall kel Jal oSy

ppm=0.0736%1000= 73.6 (

ppm= M FW x1000
ppm= 0.0032+x23x1000=73.6

oo (e e aladily iy ¢ PPM J 03855 (168 Cuay (e (gl (i Jslaa gpudans
tas)

6. 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).

Hleie ¢ Jilosall o psil) 138 Jie Jad bl sac cllia
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sl e M asinsall M U disaty asii (e« N@™ JI Jsladd M) ol s
Aoyl i largs « NayCO;y o saladld oda lalla 85 ¢ juzaadll 0 Lealadtia) )

140y,
:ellil ¢ 5,00 mg & 500 mL J) & Na* JI sy

5.00/23.0 mmol
Mpyg+ = ———=435%10"% ——

500mL mL
Na,CO; - 2 Na*
Las ¢ Na,CO; J) ¥ ga e Cinia a g guall &Y g 238 i oDl | Adalaal) B pial o) (1
.Na,CO5 J) iS5 dinda a gad puall 38 55 O (An

4.35%10~%
2

=217%107*

M (Na,C05) =

238515 500 ML 4eas Jslas (4Na,CO; J) Ay e i€ Allaall ciasual (¥ g
J o & Gas mmol Na,CO3 J) 2263 Cum ¢« g Ulsa 29 2.17¥107* M
3 yilal) ALY aladiuly ol Jass o ¢ dysllad) 2335l e Joasil FW JL mmol

mg Na,C
F—M;Og = Molarity * Volume (mL)
mg Na,C O _ _4
T0e = 217«107* % 500

mg Na,CO; = 11.53

Gas « MmOl Na* J) by lly ¢ U abiae Zaudsy Aladl (a6 LB (Sl (e

ppm = Mna* * AW * 1000

10.00 = Mna* *23 *1000
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Mna* = 4.35%104

mmol Na* =4.35%104* 500 = 0.2175

mmol Na2CO3 = 1/2 mmol Na* =0.10875

mg NazC03 =0.10875*106 = 11.53 mg

A axii of S8 bl e OIS L ¢ Bale jpaad ae Jalein Wil Cus (S
Aliladll e el Jpamnd) (S () il

Na,C0; - 2Na*

Hlgias
1
mmol Na2C03=Emml Na*
toa sl
mmwl Na,CO; 1 Iy v
= — %k k
FW(Na,C0;) 2 = MNa® 7 'hat
:Qi(shdtﬁxﬂ
bppmpyg +
M. + =
Na T AW+ * 1000
ol Al
mg Na,CO; 1 pPMyg +
= — %k *VNa"'
FW(Na,C0;) 2 AWpg+ *1000

gy Ayl A3 ) Jpemsl Sy ¢ Al i) e 5l impaillyg

mg Na,CO; 1 10.0
—_—  —  — %
106 2 23%1000

mg Na,C0O; = 11.52

500
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Al Jilesal) (pa (AN goil) 1L
sl 81kl Bl ) Adlia) ¢ Al ALl cdle Ll daliall Jilad) Gl g
Byle Oleld L) Saai s ¢ Al Waylie) (Sey Al edlelal) dale ) dladl 3
L Ayl agmy e 2 Y 3 ¢ obplae Jeli 4l G Jelos ) Sloe) Ko Y ¢ dagall
a5 e Y agles AU cllial) ela) e oSan S delall glgml e capll

tod g il a3y ¢ aplan Jelii (5% S Jeliill b lajils Cany il Jag

s G

Laila cdlels 43 Gl Y o) 22

Slo @l sae) Jsies ail Al Cagylally Clgll ae A3 clelindl o585 o .3
()

Ay Al Al Aaada (o (K in @lldy ¢ (Lhaal) Tagpe Jelilll oS of .4

Gl Glliall Jae (e oS ia elldy ¢ Lalas A3 yee Jelitl) dabae (4583 of .5

By Lle)) Ak el Cuulie a3 ig of .6

s Aidy 2l o Jpaall @llyy ¢ 5K Aad pe Algdl ks GilgE o L7
Ll dlais W o Lples Lede Jpamall (S ) dplail) Adaiil) ol salsall dlaiay
lede Jpeanll oS0 ¥V Al Loy ¢ a3l o) laxie iy ) Al @l 8

Laaas V)

Gl S delill 3 Wil e 2 Vs Apasa it oDked 858l dag il el o (g5
g e o bl el s sha) (Sadll e IS Ols ¢ "pplae Jelid 4l ajde

LSl Al ¢ Leany
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Moyl e (K (a8 aglae cDleliiall aal ()6 o 8ygpa ) BLEY) et LS

S Laglee 5oLl (o sl Jslae yamad e 13 2 Y Ly L LAY Jelindl 385
(primary standard solution) As¥) bl Jslaal)

Aial) 3alall (e Aime &35 A3 e spuiant Kar ) slaall g (1 il Jlaal
Jiad axiind o Sy Al sald) pailad Lo oS8 Jslaall (e (ma aan 8 ddla))

¢ ayll 13
A ailadlly e s ol Jslae yuaas ahall salal) aiaii o) s

.99.98% jskai ¢ Al dle 558 Ay L1

Bl v Cagatl Cagyh it Loads ¢ dulell A8 Cagyll b AE 058 of 22
Ao sie

J kel (Se ¥ Ml ¢ sal) e e asl SB G Akl i Y3
Neie I ol Jlae jumad (e 30l Legald Los NaOH

sl oo il Uadl) Jd elldg ¢ oSl Lo e Gaua )50 e ) L4

Jelii pailady Clia apeny Lyl bl sald) s lelelis die Caa® (of .5
oSed 383l 3 plaall

b Ll ¢ Aadine clacall el oy of (S sl e S lase o ) ola¥) Gy
alasinl Kay oKl5 ¢ Asal alane e Als) Akl dallae paass WiSey Y lal) Gl
Alall o2 s ¢ W3SH s Algeme Jse dllae syleal dpliall 30691 Al Jilladl)
(secondary standard solutions) 45l Asuld Jidlas Ay gsil) (e Jallaal) ans
Jslaall anss ¢ sl asld Jslae aladinly Jpene Jslas sybae Liad (Sadll (gas ¢

X4 ¢ (tertiary standard solution) sl o2a & aaal)

Js ¢ NaOH Jls HCl I (e Al Al Jillae pucant o Y 4 ) oLi¥) cans LS
A3 anl puld Jillae ae alsal) Gl Jllas syslead dalay Lufy NH;
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to ala G ¢ A Vaaly S aladti) et SN edlelall )kl ¢ oYy
letas - Jslaall (pe i1 8 Bagasall Al C¥5e 230 e el i(Molarity, M) 4N sall
o) Jsall Ll

mmwol =M=V,

sl ol e S8 LS,

| = —

Slel (el 4 mmol J) alhias e sl alasiud o deadll e e3all 18 8 (55

Ay astiny o S ol ¢ ke Gn Al SleS deliny b Al 4 Jal WK o Ko
pody LS el ¢ cdle linall dabide Caw G ) ARG (amy

AN

1. Find the molarity of a HCI solution if 25.00 mL of the acid react
with 0.2114 g of NaHCO; (FW = 84.00 g/mol)?

Voald Vs ¢ Og)ses pmmaa JSE Jeliill dabe LUS o 2 Y ¢ adla JSs Al (8
tillie 4 Ja i€y
NaHCO; + HCl = NaCl + H,0 + CO,

1 sl NaHCO; J) ¢V 2325 ¢ 1 g5k HCl ) <NV 222 o Jadll o8ay (Vs
NaHCO; J) <¥se axe g5k HCI J) ci¥se 2xe Ol dsi o Sar AT aay sl L Liad
5ygeall o elld LS Says «

mmo lHCl = mmo INaHCO ;
Jd mmol J) ge caeill (Say aild ¢ odlel mmol I @le (o Gaysaill ¢ Yy

D) lasiul HC
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ml HCl= MHCZ*VTHL(HCZ)

:48lal) alaziuly NaHCO3; I mmol J) e (fanetll Sy Lai

mg (NaHC 0y)
mol (NaHCO) = wor Nancoy
t Sl
mg (NaHC 0y)
Muci* Vi ey = 77 (NaHC Q)
0.2114% 103
Myci* 2500 = 84.00

Myc; = 0.1007

2. Calculate the percentage of Na,CO; (FW = 106.0 g/mol) if a
0.5327 g sample containing Na,CO; required 21.55 mL of 0.0958
M HCL.

alaad) 4L 2y
Na,COs; + 2HCI = 2NaCl + H,0 + CO,
cdelitall mmols J) e i o A8Mad) < Lald
2mmol NaHCO; = mmol HCI

Na,CO3; Jl ¥ dae Camia dlalaall 3 HCl J) <¥sa 22 Jy

Lpalial) ABdal) aladiuly Lgde JS mmol ) co Gl sadl) <G

mg (Na,C0s) _ v
*FW (Na,C 03) = Myc1* Vi (HCY)
mg (Na,C0s)
= 0.09 21.
* 1060 0.0958 * 21.55

mg (Na,C0;) = 10942
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% (Na,C0,) = 10942 100=20.5%
N (NayC0:) = geasaitos * 100=205%

aladl Na,COs J) diys Lpea WY 1l ¢ anle ) an (o Al A3y Wlga Lf Jaay

3. How many mL of 0.241 M Ba(OH), will react with 25.00 mL of
0.115 M HC1?

Uslaal) 408 oY

Ba(OH), + 2 HCI = BaCl, + 2H,0
cdeliiall mmols J) s o A8Mad) < Lald

2mmol Ba(OH), = mmol HCI

Ba(OH), Jl ¥ dae Cania dalaall & HCI U Ve 220 oY
Lpalial) ABMal) aladiuly Lgde JS mmol ) oo Gl sadl) <G

2% Mpaony, * Vo Baor),) = Muci* Vi ucy
2%0.241* Vi Bacon),) = 0-115%25.00
VmL (Ba(0H)y) == 596 mL

4. Tron in a 0.4752 g sample was acidified and reduced to Fe*". The
resulting solution required 14.88 mL 0f 0.0325 M KMnO, solution.
Find %Fe (AW = 55.847 g/mol), and % Fe,O3; (FW = 159.7 g/mol)
in the sample.

Fe JI 4y alag) cany ¢ dall 8 %Fe Alady « o)
Lalaal) 4,0 Y

MnO, + 5Fe* + 8H' > Mn* +5Fe>* + 4H,0
cdeliiall mmols J) e o A8Mad) < Lald

mmol Fe?t = 5miol MnO,
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MNO, J) Vs e izl 5 (g5l Aalaall L Fe™ J) Vg e (Y

Lolial) ABdad) aladiuly Lagde 3 mmol ) oo i sadl) <G

mg Fe?*

AW Forr — 2 * Munoz * Vino;
F€2+

% =5%0.0325+14.88

mg Fe?' = 13504

o 13504 )
% (Fe?*) = o3+ 100 = 284%

Calaleall 3 5ol Y Ll ma % Fe,05 sla) oS S ¢ Yy

(o Al (e cdlelitall mmols J) el o ABBlal) of alad ¢ L) 2
mmol Fe?t = 5miol MnO,

Uslee 0asS3 Gph e g « Fe,05 Jls Fe™ J) Cm dalsal) Al alay) Jslas Y1

Fe,0; = 2 Fe
rol Jsil) Sy s « Fe,05 Ul Ve dae Cinia g5k Fe Ul Ve 220 ) 6
mmwl Fe*t = 2mwol Fe,0;
Al Aol Fe?* U oo gyl ¢ Y1
mwl Fe?t = 5mmol MnO;

2mmwl Fe,0; = 5mmol MnO,
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Lalial) ABdad) aladiuly Lagie S mmol ) oo i sadl) <G

mg Fe,0;
FW Fe,05 — > Munor * Vino;
mg Fe,03

2 * 1597 =5%0.0325% 14.88

Trg F8203 = 193.08

% (Fe,0-) = 19308 100=40.6
6 (Fez03) = 577507108 ¥ 100= 40

5. Find the molarity of KMnQ, solution if 0.5112 g of H,C,O4 (FW =
90.0 g/mol) react with 25 mL of the KMnQO,.

Uslaad) 4l 1Y
2MnOy + 5 H,C,0,4+ 6H" = 2Mn*" +10CO, + 8H,0

cdeliiall mmols J) e ¢ A8Mad) < Lald

2
mmwl MnOy =§rrm)l H,C,0,

S8« MO, J) Ve 2e Caza 2.5 by Aalaall & H G045 J) Y50 220 N

H,C,0, J) <N¥sa 22 UAE sty MNO,~ J) WYga 22
Lolial) ABdad) aladiuly Lagde JS mmol ) oo i sadl) <G

2 mg H,C0,
Muno; * Vuno; = ¢ * FW H,C,0,
2 5112

Mynoz * 250 = 2* 5575

Moy = 0.091 mol/
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6. Find the % AlL,O; (FW = 101.97 g/mol) in a sample if a 0.6553 g
sample required 12.05 mL of 0.0477 M EDTA solution.

Uslaal) 4l 1Y

EDTA J) S of Cum EDTA J) cDlels 3 dbbed) 4LUST ey Y ¢ dagall 3
10T Ay Galaal) g ae Jeliy

cdleliiall mmols J) e o A8Mad) < Lal

¢ EDTA ) c¥sa a3l Lgbusa Ganall sl ciga 238 (8 Laila EDTA ) edlslis 8
:M.b\g

r

mmolAl = mmol EDTA

Ailee (nsSS Giyha e @lldg ¢ ALO3 Jls Al O o el A alay) Jolas Vg

Al,0;—> 2 Al
ro) Jsill oSy Jullys cALO; J) c¥se 220 Ciraa g5k Al J) V50 220 (f
mol AIPT =2mol Al,0;
sl Aol AP ) oo Gl ¢ oY
mmol Al3T = mmol EDTA
2mmwl Al,0; = mmol EDTA
Lolial) ABdad) aladiuly Lagds 3 mmol ) oo i sadl) <G

mg Al,0;
2 x W = Mgpra * Vepra

mg Al,0;
B —

10197 0.0477x12.05

Trg Al203 = 29.31
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% (Al,0,) = 2931 100=4.47
6 (A,03) = Gocez 708 ¥ 100=4

(Back titrations) &ydilsall & &plaal)

sloy 8 gty S5 Aggan sald) (e (me aaa 330 G18) 3yl spladl) (s Y 8
el 5 ¢ A (leall Aee ALY Aaland) 8 S5 Aashee Bale adAiad & (e
Bleny iads pdle e Bplae Bl ) esalll Ll ing Lea ¢ 38 olhdl o (goumis
saly) lle i 5 ag ¢ elesll 8 ginlen alpall ol aoad Wil 5yaldll e 5yledll
Sylae 5ale aladiuly dilad) saldl e L85 Lo splee i Dualy ¢ Lould splee s0ke (10
dalad)l salall e el Glaa Byl e sabal) saldd) 385 Clua Jys A6 Luld

cAdlcadl) Al solal (e A0S0 Al daslass
A Jlsa¥) 5yl e el alasiinl dps ) e sall) S

5t 3 plaall Caulia CRBIS Jigh o1 13 .1

Uty 5 ysbeal) salally W3S 55 ads el 3ol o Je il \S 13 .2

S el ae Byiine e L) Apnliall Byleal) 3ol Sl Lgiplea Sl ald) clS 1) .3

uﬂh L.A;\ Le} ¢ ;j‘al\ Jj_;j Lﬁ

bybee el oSar ¥ il ¢ s day EDTA U1 g as Sl delin of aslead) g ¢ liad
oSl Bplea Ul 13 Gl gy Anly Al A e Jpumal) iy Y 4y 550
& v b ¢ a9 Sl Ae Je EDTA J) (e 323)) 40aS Canal Wild EDTA JI plasinly
OSay baie L Jeldi ol Al 4ulall EDTA JI (e 300) 255 ae ¢ Legin (g)4dll Jeliil)
ailS 4lg ¢ EDTA J) g Aoy Jeliiys ¢ 385 Cagyen HAT (sl ae 3030 i 3y5les
tol Jsdl) (R G ¢ Adliadl) soldl e aciatd Clual) dlee W jlies
mmo lreagentadded= mmo lreagentreacted + mmo lreagent titrated

il 5y |

mmo lreagentreacted = mmo lreagent added— mmo lreagent titrated
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, mmol anal yte ) mmol reagentreacted)) dipsi o8 Gluall Alee )
Jlse bl ged ¢ ey ol ti trant ) mol reagenti trate d))s
e Jelill) 3ol Ailad) salall Leaaal ¢ cpleld ot o) ang Byalidl e clladl)

LAY Cang 13 ¢ Ailiaall 5oLl e 53030 syledd LAY ¢ (analyte U

8|«

1. Chromium in a 0.3514 g sample was dissolved and reacted with 25
mL of 0.0224 M EDTA. The excess EDTA required 17.44 mL of
0.0195 M MgCl,. Find % Cr,0O; (FW = 152.0 g/mol).

e EDTA U1 dels o Gum ¢ ci¥alee 4 U a5 8 EDTA JU Gl a1 ol L
01 Ay Ll 2y galeal) il
mmo lEDT Areacted = mmo lEDT Aadded— mmo lEDT Atitrated
mmwl EDTAreacted= mmwol Cr
Cr,0O3-2cr
mmwl Cr=2mmwl Cr0,

mmwl EDTAreacted= 2 mvol Cr0,

mrol EDTAti trated= mmol MgCl,
o

2mmwl Cr0; = mmwol EDTAadded- mmol MgCl,

3alallS mmols J) alhias alasiuly oyl dleny o 58 ¢ OV

mg C1r,0;3
2 % T FW = Mgpra * Vepra — Mugcr, * Vmgce,
Cr0
2«9 21278 0224525~ 0.0195% 17.44

152.0
mg Crn0; =16.71
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% (C1r0;) = 1671 100=4.76
6(C1203) = G351 108 100=4

11 e liia) g Al 58 Y Jeld mllag ¢ AT Jlia i il

2. A 0.8345 g sample containing Na,CO; (FW = 106.0 g/mol) was
dissolved and treated with 20.00 mL of 0.20 M HCI.

Na,COs; + 2 HCI = 2NaCl + H,0 + CO,
The excess HCI required 5.75 mL of 0.10 M NaOH.
HCl + NaOH = NaCl + H,0
Calculate the % Na,COs in the sample.
Al sall AR ) gy oSy ) ¢ Al 8 dall #lide of alas
mmo lHCl reacted = mmo lHCl added— mmo lHCI titrated
mmwl HClreacted= 2 xmmol Na,COs
mmol HCIlti trated= mmol NaOH
of
2x*mml Na,CO; =mmol HCladded- mmol NaOH

3l mmols J) oallacas aladialy (ayeail) daleny agsi ¢ (Y15

mg Na2C03
*W = Myci* Vaci— Mygon * Vaon
mg Na2CO3 .
* 1060 = 0.20%20.0— 0.10%5.75

mg Na,CO; = 1815

% (Na,C0,) = 1815 100=218
6 (Na;C03) = 58325. 108 * 100= 21




3. A 30.0 mL H,C,0, acidified solution, was treated with 25.0 mL of
0.102 M KMnO; solution. The reaction:

2MnO;, + 5 H,C,0,4+ 6H* = 2Mn** +10CO, + 8H,0

The excess permanganate required 8.34 mL of 0.053 M Fe*'
solution, the reaction:

MnO, + 5Fe** + 8H* > Mn* +5Fe** + 4H,0

Find the molarity of the H,C,0, solution.
Al sall AR ) gy oSy ) ¢ salll 8 daldl #lide of alas
mmo lVh O reacted = mmo lVh O, added— mmo lVh O} titrated

2
mmwol M O, reactedzg*mml H,C,0,

1
mrmol M 0] ti trated= gmml Fe?*t

1
—+«mmwl H,C,0, =mmwl M 0; added —*mmwl Fe?*t

5 5
33l mmols d\ @Mnm&: (‘:‘MLI ua.)j;ul\ :\:\Luu e}m ¢ US“}
2
g * MH2C204_ * VH2C204 = MMl 0; * VM! 0; - g * MF32+ * VF32+
2 1
= * Mi,c,0, * 300 = 01025250 — =+ 0.053» 834

MH2C204, = 0205

sasasall adl (e (equivalents) cllSal s (e i :(Normality, N) 4ladl

~slaall (e Al

eq meq
N=—
L

T m
ey




meq =N=x* V,,;
5 Lo (81l s g Aplal) Jalati Wiy ¢ Csall e po Jolait 4,¥sallé ¢ 13
¢: A<

rol Cua ¢ odleloliy L (JSV ¢ itiae iyl (SIS Gl (S

meq =N * V,,;
X CON U A P PSR- G YV RS PR DV FO B IV E09S Ty PR I it I
r L8 sae (55kus (equivalent weight, eqw)

S
d eqw

lalaaiad Sy Sl Leayl daleall 40U Sy
my
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HCI + NaOH = NacCl + H,0
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eqw (MnOy) =
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meg (Na,CO3) = meq (HCl)
Nazco_o, 2HCI - 2NaCl H2C03
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H;PO,4 + 3NaOH = NasPO, + 3 H,0

meg (H;PO,4) = meq (NaOH)
Hs;PO, 3NaOH = | NazPO, 3 H,0
3 mmol H3PO, = mmol NaOH
n=3 n=1 Wbl (po N g
n=3 n=1 dagall n dasd

MSI N ded G ades ¢ Ll n=1 L dnlal sacls NaOH J) o sl e s
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alalaall S
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anormality J) il « equivalents J) ax a5 equivalent weight JI

< H or OH J 2x s A5 ¢ N Al naaty normality 3 Whlea fas .2
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1. Find the normality of 1.4552g/L NaCO3 (FW = 106 g/mol)
solution, to be used in the reaction with excess HCI.

N A il daleal) CESS Al

N&2C03 + 2HCI1 = 2NaCl + H2C03

N =n*M

T3 CED e ot ol o it s



IS Y @iy e n=2 oY € 2 (A & e ¢ Aplee ) SHD digad o Lide L
H J e e 2 e delivy NayCO3 J) (e Jse

mg
M = 2
Vo =
1000 1.4552 % 103
*k =
106

M =0.0137
Normality =2 *0.0137 =0.0275 N

2. Find the normality of the solution resulting from dissolving
0.6681g of K2Cr207 (FW =294 g/mol) in 250 mL of water. The
solution will be used in the following reaction:

Cr,0, + 14 H + 6e » 2Cr’" + 7TH,0
N =n*M

Y iy cn=6 o Cus ¢ 6 aipa & ey ¢ se S disat (s e Lo
rdelall Sl ¢ il SN (e cNse 6 ) iy CryO77" J) (e Jse S

mg
M = 2
Vo = Ty
Ve o 06681+ 10°
* =
204

M =9.0898+%10"
Normality = 6 * 9.0898*107 = 0.0545 N

3. Find the normality of a 200 mL of Na;CO3 (FW = 106.0 g/mol)
solution containing 0.6392 g of Na2COs. The solution is
intended to be used for the complete reaction with HCI.

2 oo Wlelss ey NayCO3 ) (e aalsl) Jsall 2l Jeliill o alas o cany ¢ ddgall
n=2 o @l e H" J e Use 2 deliy dam ¢« HCI U (e Jse
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meg (Na,COs) = meq (HCl)
Na,CO; 2HCI - 2NaCl H,CO;
2 mmol = mmol HCl
n=2 n=1 Aaleall (e N A
n=2 n=1 Lagall n dagd

el 13 3¢ cligg S n=2 ol e 138 « HCL JIn=1 of ales Ll Camg

meq
N=—=
mL

n * mmol
mL

n * Try Na2603
FWNa2C03

NNa2C03 = il

0.6392x* 103
2% /1060

= 0.06

NNa2C03 = 200

4. Find the normality of a 500 mL solution containing 0.8224 g of
NazS203 (FW = 158.1 g/mol). The solution is to be used in the

reaction:
l, + 25,05% = 21" +5,0¢>

opiead ) gy Aoleall ) 5yl il Sadl (g

l, + 25,05 = 21" +5,04”
25,05 = $,0¢” + 2e
adey ¢ @l (e Jse 2 ary $,05° J e Jse 2 232 o n=1 o alas Lgag
alasind Laaf (Says o clig fSNI e anly Jse ary $,057 JI e alll Jsall 8
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meq (l;) = meq (52032-)
l, 2 5,05% - 2 S,06”
2 mmol I, = mmol S,05*
n=2 n=1 Aaleall (e N A
n=2 n=1 igiall n dad

@l ¢ Agdalin dad gslud Aalaall (e n Aad o Gl ¢ 2l =2 (f Zsms seday daa

.5,05° din=1 ¢

neq
N=—21
mL
. nx mol
onl
n % mg Na25‘203/
Na25203
NNa25203 = Tr'L
0.8224x 103
1+ /1581
NNa25203 = = 001

500

5. How many grams of H2C204 (FW = 90.0 g/mol) will be required
to react with 200 mL of 0.05 N KmnOy, in the reaction:
2MnO4 + 5 H2C204+ 6H* = 2Mn2*+10CO2 + 8H20

meq H,C,0, = meq KMnO,
nxmmwl H,C,0, =N *V,;
¢ Gl ) Alaal) dandty S« Hp o0, Jn Aadh o Jpuanll Usde cang ¢ 13
:of 2 ¢ iy
H,C,0,~ 2CO, + 2H" + 2e
JAn=2 o sl HyC04 I (e Jse IS cilig 5N (o Jse 2 20ad Uil Caamy il

2u.4.1ﬂl.1 3 ut}“‘j .H2C204




n " HaC0n) = N #Vp
HyC704

2% TGO/ = 0.05 %200

Mg u,c,0, = 45001 0.450 g

6. A 50.0 mL of Fe sample solution was acidified and reduced to
Fe2+ then treated with 25.0 mL of 0.102 N KmnOs solution. The
reaction:

MnO, + 5Fe** + 8H* > Mn* +5Fe** + 4H,0

The excess permanganate required 5.35 mL of 0.042 M H2C204
solution, the reaction:

2MnO;, + 5 H,C,0,4+ 6H* = 2Mn** +10CO, + 8H,0

Find the normality of the Fe2* solution.

meq KmnO4 reacted = meq KmnO4 added - meq KmnOy titrated
meq KmnO4 reacted = meq Fe?+

meq KmnO; titrated = meq H2C204

tddalaal S Sy SN

meq Fe2* = meq KmnO4 added - meq H2C204
Npeg+ xVipga+_ Ngpho , * Vikmmo , — Nuyc,0, * VHycr0,
tCua « Nig, 0, 2095 < ¢ L M JI Lals « Ny ¢og, ) alad ¥ L)
Ny,c,0, =n*M
tiay ¢ Jelall il ¢ HyCp0, Jin=2 of sl JEa 8 L) S

Ny,c,0, = 2 * 0.042= 0.084
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Npg+ *Vipe+_ Ngmno , * Vikmo , — Nu,cp0, * Vi,ye,0,
Ngo2+,50 = 0.102* 25.0 — 0.084* 5.35
Npo2+ = 0.042

7. A 2.3582 g sample containing iron was dissolved, acidified and
reduced to Fe?*. This solution required 25.0 mL of 0.102 M

KmnOs. The reaction:
MnO, + 5Fe”* + 8H" = Mn*" +5Fe* + 4H,0
Use NORMALITIES to find the % Fe (AW = 55.8 g/mol) in the sample.
D il N ) KmnOy O d¥se Jasat WSy Yl
N =n*M
rllabeal) aladind Gl Gag ¢ N el e Jpand) (Kay i Tl W) 6,

MnO, + 5Fe®" + 8H* = Mn*" +5Fe** + 4H,0

meq (MnOy) = meq (Fe?*)

MnO, | 5Fe” 8H* | = | mMn?* | 5Fe* | 4H,0
5 mmol MnO4 = mmol Fe*

n=>5 n=1 Aalaall (e N 4aid

n=>5 n=1 aw...... I n M=\§

N ded o ey ¢ aaly oS Gl Fe®* U1 ) Fe® U1 dsad of ealsl) (g G
lintyllin=5 gl @l ¢ Jsandl 3 dapmia gale i) DU

N=5%x0102=0.510
rJsl oS oY
meq Fe*t = meq KMnO,

ﬂy FeZ+

= Nkwmno, * Vimno,
e qWF€2+
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Fe® > Fe’* +e
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Mg pe2+ - N v
A—WF . VKMno, * VkMmno,
e

ny FeZ+

ttg 0.510%* 25.0

mg pe2+ = 711.4

% F 71145 00=302
= * = i
0Fe = 53582%103

(Titer) sV slaall aggda
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lbual) il o seaalsl) as (EDTA J) g s lall e 3yleay @llig ¢ lll 525054l
Glahale 2o Glus & o Bl tdlpually Llehlad a3 Al Gliall e die JS ) S
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1. Calculate the titer of 0.0605 M EDTA in terms of mg CaCO3 (FW
= 100.0 g/mol). Use the calculated titer to find the number of
mg CaCOs3 contained in 25 mL water sample if the titration
required 14.55 mL EDTA.




Aty Jelitn EDTA J o) asbeall (0o 3 ¢ el Alabeall 46S (g5 puall (oo Gl Lin

) Léi ¢ Obaall sl =11

mmol CaZ* = mmol EDTA
rof Laad Jsill (S

mmol CaCO; = mmol EDTA
toa sl

MY cacos
W = Mgpra * Vepra
caco

dh e aalll Jall 4 CaC0; J) wlahals e 54 titer J) of S35 o) cany Liag

.EDTA
Mg caco,
1000 0.0605* 1
Mg caco, = 6.05

.EDTA Je JSI CaCO; aake 6.05 (55l titer Ji ¢ 13

J Sl e Glea (Ko 4l ¢ Je 14,55 elgin) oWl due splae of Lo oY)

:'é).ﬁul.pc L@.\E EJ);}QS\ CaCOs;

MY caco, = titer x Vgpry

Mg caco,in thesample= 6.05 14.55 = 88.0

2. A 200 mL solution of K2Cr207 (FW = 294.1 g/mol) contains
0.7692 g of K:Cr207, calculate its titer in terms of Fe203 (FW =
159.7 g/mol). If the titration of an iron sample required 2.88
mL of the dichromate solution, use the calculated titer to report
how many grams of Fe, 05 are present in the sample.

Cr,0,% + 6Fe* + 14H" = 2Cr*" + 6Fe** + 7 H,0

:o 3pile Jdll (Say




mmwl Fe*t =6xmmwl Cr0%

Fe,0; — 2 Fe?*
mml Fe?t =2 xmmol Fe,04
2xmmwl Fe,03 = 6 xmmwl Cr035"

% ny F6203

2
FWFez 03

= 6% My 02- * Vip02-

0.7692 * 103/
294.1

(Y Fe0s _ . 1

2 159.7 200

mpezog =627

K,Cr,0;

e alaiiuly Lall 3 535asall Fep05 J) e Slabalall 222 s ¢Saddl e ¢ (V)
slaiill Gllall LS5 ) dalall 50 ¢ titer J)
Y pe,0, = titer x VCrzog-
Mg pe,0,in th esample = 6.27 « 2.88 = 18.0

3. In the titration of a soda ash sample using HCl, if the titer of the
HCI solution is equal to 9.54 mg Na20, How many mg of Naz0
are present in the soda ash sample if the titration required
12.56 mL of HCI?

Al il Jal)

Mg Na,0 = titer x Ve

Mg caco, = 9-54+ 1256 = 1198



4. Find the titer of 0.1 M EDTA in terms of mg Al;03 (FW = 102
g/mol).

& ey Al salll molarity J) ded e Jpasl) Al 4 sy Jilall 38 Jia Jad
:mmols Jl pe ansatll & e ¢ titer JI alasinl WS i e juanl)
Alaall 8 o8¢ 121 4y metal ion Gl ae delim EDTA J) o sl dgladl
HELRY GAl u.u:d} A|203 E%) Q_I)M\
AlLO; = 2 Al
mmol EDTA = mmol Al = 2 mmol Al>03

mg Al,0;

0.1x1=2x 102

mg Al203 = 5.1 mg
.EDTA J) 1 mL J< (5.1 mg Al203) s EDTA U titer J ¢ 13)

5. Find the titer of a 3.226 g/L of KMnO4 (FW = 158 g/mol) in
terms of mg Fe304 (FW = 231 g/mol).

MnO, + 8H" + 5 Fe** - Mn?" + 5 Fe** + 4 H,0
salll molarity J dad Je Jaall 4l RN Jiliall 228 Jia Jad 43ld )3 LS
:mmols Jl e ansatll & e ¢ titer J) plasinl WS e juadll 8 ey Al
Fe304 s casthall o V) ¢ 5:1 4auy Fe2t J) aw delin MOy JI o) ales dyladl 3
&Ml Fe (s

mmol Fe = 5* mmol MnO4
Fe3;04 = 3 Fe
mmol Fe = 3 mmol Fe304

3 mmol Fe304 = 5* mmol MnO4



mg Fe30,
231

3.226

Mmno4 = Tes 0.0204 M

mg Fe30,
*—
231

mg Fe304 = 7.854 mg/mL MnO4

=5% 0.0204x1

KMnOs J) ¢ 1 mL J< (7.854 mg Fes04) s» KMnO4 ! titer J) « 13
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1. Find the ionic strength of a 0.1 M KCI solution.

10l (gakas

12 )
T2 .

1 2 )
H 9 § Cx+Zy+ + CorZir

1
u=520-1*12+ 0.1x12=0.1

2. Find the ionic strength of a 0.1 M K2SOa.

E 2
= — K+ + + S E_* S E_

1
u=522*0-1*12+ 0.1%2% =03

2 e 50 KpSO4 J) e Use IS Y ¢ KpSOy IV S5 i KT J) 5855 o sy
(K2SO4 ) cse 230 Cana K'J) c¥se 220 o 6l) ¢« K™ ) (e e

sal) o ami ¢ Tasly 3N S Cun i) i) 8 451 5l dad A3laay ¢ L
Osd sl b Glldg ¢ Y1 Jslaall Ais) sl Caleal A B Jolaall 5]
saaly e Y Giiind Jeay 53l) iy,

3. Find the ionic strength of the solution containing 0.1 M KCl, 0.1
M K2S04, and 0.1 M Ca(OH).

1 2
=35> CZ;

K= Hkct + Hi,so, T Hca(on),




alatinl g ¢ Ul aaag sas o Jstae IS As) 358l les (V) Sl G
P SIS ¢ Baslg Alalaa

1
H= Ez{(CK+ZIZ(+ + CCl‘Zgl‘) + (CK+ZIZ<+ t CSOE_*ZEOZ_)
+ (CCaz"'Zga“ + COH_Z(Z)H_)}

1
U= EZ{(O.l *124+ 0.1%1%)+ (2%0.1%1%2 + 0.1%22%)
+(0.1%22+ 2%0.1%x1%)}=0.7
& OH™ Ul cNse 222 (N « Ca(OH), J 385 Ciaa OH J) 385 of Laagl JaaY
. Ca(OH), J) <N 232 Cinua g5k Ca(OH), J
factivity J) Jeles lua 8 Jslaall 4335331 5l alasind oSay caS ¢ Yy

13) seiall Lagilalea 8 clld e Huckel s Debye olawd) calal ail

0.51Z2\1
1+ 033,y

—logf; =

Bl anall 138 S 13 L Alls 5o siatVh aiall ) aas e e @ o) Sas

el Alalaal) (i ¢ ag il 3 e

0.51Z\/u
1++/u
<y dall 4 (A1 Alabeall aladind Gaagy ¢ Auald Al o2a of ) ol cany oK)
ale
8|9

1. Find the activity coefficients of H* and OAc in the weakly
dissociated acetic acid solution, if the solution contains 0.1 M
KCl. Assume the size of the hydrated H* and OAc ions is 3 and 6
angstroms, respectively.




A 3l o Gl e b L) G ¢ Jolaall A1 3580 Qi (e 20 Y ¢ Blail) 8
activity J) delas bl spaidall Aslaall Gudai 43les « 0.1 2 0.1 M KCI Jslad]
P(Alall 8 s LS ¢ agfiad) 3 iy die i) (s aaa V) HT I
0.51 % Z2
—logfy+ = fall
1++/u
0.51 * 124/0.1
—logfy+ =
1++/0.1
—logfy+ = 0.1225

fu+ = 075

rlalaall pasiis OACT I activity J) dalae lualy
0.51 % Zgac-VEIL

1+ 0.33apac-VH

g f 0.51 % 12401
— O - =
8Joac = 1033 % 6v01

longAC— = — 00992

foac- = 0.80

—logfoac- =
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1. Find the concentration of all species at equilibrium of 0.1 mol
of AB in 500 mL of solution. K=2.4*10-5

ABS A"+ B

Nl 232 Jnt A ¢ A Npally S puen Lol 4l e KB o 3 Y ¢ RigaY S

_ mol

oom
_0.1*103mml
B 500 mL

= 0.2

¢ (k<100 ¢f 5) B V)l dad o LoDl GIEY) il Aad ) il ¢ Y
Ay e cleliial 385 ) Al Alage Al iy &Sl sl S5 Gl Nl
p ) Jaad) s o Sy




Before Equil 0.2 0 0

Equation AB s A" + B
After Equil 0.2-x X X
oY)l A 3 el (Y
_ [A"][B7]
[AB]
X * X
24%107° =
02—x

¢ cDleliall dpally lage Aad & () sl S Of Wpealy ¢ Jall apedl ¢ (Vg
fol LS A maaid ¢ 0.2 3> x of paalyitl Wiy 40l

24%107° = i
0.2

x=219%1073 :0 Lgiay

Geu Y ades « 0.2 x of Ly Wl ¢ x ded o Juass S Wl Sl ¢ oS
P AUIS ¢ Ayl e il ) Undd) Cilusy @lldg ¢ A il) daa (ge oS

negl ectedal ue

Rel ati verror= * 100%
actualval ue
, 2.19% 1073
Rel ati verror= T* 10000 =1.1%

O agles ¢ 5% (e JE aiad 06 o Uadll ga GBlsal) 138 8 Jsiiall seail) il o

LS sS5 OhY) e Adbiall slsall ChS i gla JElly ¢ Al o dsisia du il
ok

[A*] =[B"] = 2.19%1073M

[AB] = 0.2M

2. Find the concentration of all species at equilibrium of 0.1 mol
of AB in 500 mL of solution containing 0.10 M B-. K=2.4*10-5

ABS A"+ B




500 ML J) b <¥sall 230 Jsnd el ¢ i ¥pally SRSl pan sy asii ¢ Al b

Pgy¥ee
_ mol
oom
B 0.1 * 103 mmol — o
B 500mL

¢ (k<100 ¢f 5l) Bmina V)l dad o LoDl V) il Aad ) kil ¢ Yy
Ay e eleliial 85 ) Al dlage Al yiiay &3Sl sl S5 Gl Nl
) Jaad) s o Sy

Before Equil 0.2 0 0.1
Equation AB s A" + B
After Equil 0.2-x X 0.1+x

oY) ol Ale b Gl sailly (Y1

_ [A7][B7]
T
s xx(01+x)
24%107° = 07 &

¢ Do liiall dpally Alage dad & (X) sl AeS of Lpealy ¢ Jall Jasadl ¢ (Vg
fol LS A it ¢ 0.1 2> x o Gkl Wiy 0l

x *x 0.1

24%107° =
i 0.2

x =4.8x107° : i giay
Geu Y ades « 0.1 x of Ly Wl ¢ x Aed o Juass S Wl Skl ¢ oS
SIS ¢ Al g il all Undl) Ciluny lldy ¢ A il daia (he ST

negl ectedal ue

Rel ati verro = * 100%
actualval ue




, 48%107°
Rel ati verror= 0—1* 100% = 0.05%

S5 ol My ¢ Alall s b dagaia Gl Gl e ¢ 5% e J81 o) Uadl
fsl LS ()65 oY) die Aahaall ol sal
[A*] = 48x10"° M
[B7]= 01M
[AB]=0.2M
o Bl 13 (5 AT S5 dad ) S S8 5 8 S of bl 08 o s
e go Lalaas) @y ¢ piall a1 dpasl dam (48 M JBd 8 dedl
.LeChatelier

3. Find the concentration of all species at equilibrium of 0.2 mol
of AB in 1000 mL of solution. K=2.4*105

ABS A"+ B

Ngall dae Jsad A ¢ 3 ¥eally Sl aan Lal adl o oSEI (e 0y Y ¢ Adga))
:43,¥5e 1) 1000 ML JV &

mol

ml
_0.2%10° mol
10001
¢ Ofishd ey Jall i Jully ¢ &le e ST Ll ans ¢ V)l Aad ) kil
t JUIK ¢ ds 1Y)

= 0.2

Initial Conc 0.2 0 0
Equation AB - A" + B
before Equil 0 0.2 0.2

pol LS ellg ¢ Y sslad g8 ¢ Agl gladl) Ll

Before Equil 0 0.2 0.2
Equation AB 5 A" + B
After Equil X 0.2-x 0.2-x




Ol Al b ey Y

[A*][B"]
[AB]

(0.2 —x)(0.2 —x)
X

24%10° =

Laally dlege dad & (x) Ldiall cOlelid)l 1S of Wyl ¢ Jall Tasadid ¢ Yy
fsly LS AR maait ¢ 0.2 3> x o) Glaly) LSy 4ald ¢ ol

0.2 0.2
X

24%10° =

x =167 %1077 :é Leiag

Geu Y ades « 0.2 x of L Wl ¢ x Aed o Juass S Wl Sl ¢ oS
SIS ¢ Apmydll e il al) Uadll Glusy @l ¢ A ill daaa (o U

negl ectedal ue

Rel ati verror= * 100%
actualval ue

1.67 % 1077

Rel ati verror= T* 100% = 8.3%107°%

) e Adall dpall S o Ml ¢ Gl B el Gas) o gl (e
b LS (sSs

[A*] = [B~] = 0.2M

[AB] = 1.67  10-'M

4. Compare between the equilibrium concentrations of of all
species when 0.2 M A reacts with 0.7 M B according to the
reaction k = 3.5 * 10°;

A+BSCH+ 2D

¢ Gfisha ey dall ol s ¢ Dle o ST Ll and 0 YD ol Aag ) dally
t SIS ¢ Ag 15y




Initial Conc 0.2 0.7 0 0
Equation A+ B - c o+ 2D
Before Equil 0 0.5 0.2 0.4

tol WS elldy ¢ )Yl sshd gb ¢ Al sshaall W

Before Equil 0 0.5 0.2 0.4
Equation A+ B = ct o+ 2D
After Equil X 0.5+x 0.2-x 0.4-2x

YY)l ABle 4 g satlly

_ [c*][D7)?
= TTAIE]
o (02-x)(0.4—2x)*
3:5* 107 = (x)(0.5 + x)

¢ cDleliall dpally Alage Aad & () sl ApeS O Lpealy ¢ Jall Japedl ¢ (Vg

fol LS A it ¢ 0.2 > x ol paalyil Wiy 0l

3.2 %1072

3.5%10° =
i 0.5x

x=18%1078 : 8 Ly

C)‘“J:’Y@‘:j‘o.2>>xoiuﬁ'a)§mp‘x@§‘ﬁjr_ jn,ébi‘)sm‘uﬁ
IS ¢ Bl o ) anal) Ul ey iy ¢ paill A (e ST

negl ectedal ue

Rel ati verror= * 100%
actualval ue
, 1.8% 1078
Rel ati verror= T* 100% =verysmul |

[A] = 1.8 x 1078M

[B] = 0.5M
[C*]= 02M
[D-]= 04M

5. Find the concentration of all species at equilibrium of 0.02 mol
of AB in 100 mL of solution. K=2.4




ABS A" +B
Ngall dae Jsad UM ¢ 3y ¥eally Sl aan Lal asl o oSEI (e 0y Y ¢ Aaga))

B mol
o
B 0.02 %103 mmol

1007 = 02

DS (o b s ¢ oY)l el ) Sl o s LB Jal) Gaad Wl sl oY)
s Bad LY Bl odel Ly WS« Jadl b Lk palladl e Alla Sy ¢ g
sl 585 ol Jalbs ¢ (k<100 o l) pea Y] il dad o) Jaadl oY)
Joaall s o (Say ey e cleliiall 35 ) Al Alage dad iy 435Sl

:céjtd\

Before Equil 0.2 0 0
Equation AB 5 A" + B
After Equil 0.2-x X X

oY)l Al 3 G gailly s

_ [AT][B7]
“= Tam
24= =
T 02—x

¢ CDleliiall dpally Alage dad & (X) sl AeS of Lpealy ¢ Jall Jasadl ¢ (Vg
fol LS A maait ¢ 0.2 3> x of paalyitl Wiy 4l

X *X

24 =
0.2

x = 0.693 : 08 Lgiag

Geu Y ades c 0.2 x of Ly Wl ¢ x ded o Juass S Wl Qi ¢ oS
IS ¢ Al e il el adll Clamy lldy ¢ i) dnia (e ST




negl ectedal ue

Rel ati verror= * 100%
actualval ue

0.693
*100% = 346%

Rel ati verror=
g s ¢ ANl o3 8 Asmia pe La il (i laa o€ sl Tadl) o Gas
c X dad Jlaa) pic

X *X
0.2 —x

ey
x% 4 24x—-0.693 =0

e e c¥alad) Ja e 5l AB st s oSa i Al Asleadl as

16 51
ax’+ bx+c=0
PEH IR
__ bt VbZ —4ac
2a

Jall JleSly asis () ¢ Agm i) Aslaall alaaiin) Alsal) Lgd allan ) e 8 Wl )
& sl dm il Al s oy aily ¢ Bhala culS Zpmpdl) o ) sl Laily ¢
el laiay das ¢ Sl el Gl (e oS3 ¢ Ol die clyS gl

6. Find the concentration of all species at equilibrium of 0.2 mol
of ABz in 500 mL of solution. K=3.5*10-6

AB, S A"+ 2B
Jsai Gl ¢ Ay ¥aally S5l apan Ll 431 (ge aSE (e Y ladl 8 ¢ Baledl L LS
1Ay¥se (A 500 mL J) B SYsall dae
ml

M= ———-
mL




0.2 103 mmol

so0m, 04

¢ (K<100 o ) spsam oY) Culs Ao o Jaadl V)l dad ) lailly ¢ V1
O oSa @l e cDleliial)l 5 ) il dlega dad iy alsl) S5 ol Jully

: Jl Jpaall i

Before Equil 0.4 0 0
Equation AB, s A" + 2B
After Equil 0.4-x X 2x

oY)l Al 3 G gailly s

_ [AT[B7)?
‘= T
L (0(2x)?

¢ cDleliiall dpally dlage And & (x) sl AeS o Lpealy ¢ Jall Tawadl ¢ (Vg
fol LS A maaid ¢ 0.4 > x of Laalyitl Wiy 40l

3

4
3551076 = ——
0.4

x=7.0%x1073 8 Liay

Geu Y ades « 0.4 x of L Wl ¢ x ded o Juass S Wl Sl ¢ oS
F AUIS ¢ gyl e il ) Uadd) Cilusy @lldg ¢ Gz dl) A (e ST

negl ectedal ue

Rel ati verror= * 100%
actualval ue
, 7.0 x 1073
Rel ati verror= 0—4* 100% = 1.8%
LS 0sS5 GY aie Adbaa) osall S5 ol Sy ¢ Juli i) Uadd) o meal gl (e

ot

[A*] = 7.0 %1073 M




[B]=2%7.0%103=35%10"3M
[AB,] = 0.4 M

7. Find the concentration of all species at equilibrium of 0.2 mol
of AB; in 500 mL of solution containing 0.1 M NaCl where fa*
and fg are 0.9 and 0.86, respectively. K=3.5*10-¢

AB, S A"+ 2B
Sle ssiny Uslae g 53550 ABy salall o Alaadla e Golaal) Jliall Lalas o JUiall 12a
adl aeds o (S5« SN s ¢ activity I alatind sy 4l ey Lee ¢ Agye Gl
O s Al g 55 dad bl 8 ey Lavie activity J) aladi) sy
activity J) Jelas dad Clus Uide Cany oillall G o ¢ Jslaall 25530 35801 Lilany
s ¢ activity J) Jeles dad lidany of (Sl (g Baly ¢ Al da (g oS (S
Al o3a & sl a0 LS ¢ VW) g

AN ¢ AVl CBSHD apea Loal a3l e 2SS (e 0 Y Aad) B skl o LS
i ¥se A 500 mL J) 8 c¥sall 2ae Jgas

M_mml
ol

0.2 103 mmol

so0m. O

¢ (k<100 of f) Bysua IEY) culs dad o JaadU Y1 cali dad 1) el ¢ Y1

o e b e eSleliiall 385 ) danlly Alaga Aad i gl 385 o8 Jally

Before Equil 0.4 0 0
Equation AB, s A" + 2B
After Equil 0.4-x X 2x
oY)l Ale B (e gl (Y
2
aA+ a,B -
k= ——
4B,




_ AMNB P farfe

[AB]  fas,
(x)(2x)? 0.9 *0.862
3.5%x107° =
" 04—x 1

¢ lelial Apally Alage Aad o (¥) @) LS O Wipealy ¢ dall Tl ¢ OV
fol LS A maait ¢ 0.4 > x o) paalyil Wiy 40l

4x3 0.9 % 0.862
*
0.4 1

3.5%107° =

x=8.1%1073 : 8 Lay

Geu Y ades « 0.4 x of lad Wl ¢ x ded o Juass S Wl Sl ¢ oS
SIS ¢ Azl e il all Undl) Ciluay lldy ¢ A ill daia (he ST

negl ectedal ue

Rel ati veerror= * 100%
actualval ue

_ 8.1x1073
Rel ati verror= T* 100% = 2.0%

LS 0585 ) vie Aabiaall el @S5 ol Ml ¢ Jali oanail) Uadd) o eaalsl) e
b

[A*]=8.1%10"3M

[B]= 2%81%103=16%10"2M

[AB,] = 0.4 M

8. Compare between the equilibrium concentrations of of all
species when 0.2 M A reacts with 0.6 M B according to the
reaction:

A+BSC+2D-
In water and in a solution containing diverse ions where fc* and
fo-are 0.6 and 0.8, respectively. k = 3.5« 107°
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HOAc S H" + OAc”
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Choac = [HOACc] + [OACc]
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Croac = [HOACc] + [OAC]

¢ slly Gl V)l e QU ¢ Y alee Ayl Ll aal adl (V) algl) e
sy LALKH clid Laggie (ped dmlll Ll ¢ LujeS Jillaall Joleil liasgia (pe aslss

aalae day)l e gint ¢ Al Jal 48K 585 o n Jay ) Y aladl

charge () i mass balance J) alasiuly il el ¥ alae (psSi asii Bged ¢ Vs

.balance




s 3Ll

1. Formulate mass and charge balance equations for the
dissociation of 0.01 M H:S in water.

Equilibria:

H,S S HS + H'
HS S S* +H'
H,0 5 H + OH
Mass balance equation:
Cuzs = 0.01 M = [H2S] + [HST] + [S%]
Charge balance equation:
[H*] = [OH-] + [HS] + 2[S%]
S ok WY @y 2 5 8Y U1 35 Ly Ll charge balance J) bl b 1Y
O a8 8% J) 385 Gima g5k ST J) e cliaall 585 o s ¢ cliasll 385
charge J dlalee cilige hin (oS alats o aiall ey 2 & capually agii o Lyys e

toh WS e (Say dus ¢ balance

@simg H e dse IS ¥) HY U1 585 gsben HY J) (e danal) cilincl) 585
HS™ Ul e U e Gludl clinll 385 (0f8 4oy ¢ (Rngall Zinl) (o n)y Jpe e
dse O o Cum ¢ aisily « [OHT 0 5 [HST J) e S 385 sk OH™ U1
e Jsa U8 O eadl 0ad 877 ) L ¢ Al il (g 3aly Jse o sging Lagia
ST U e Al bl 3855 of ol ¢ Rl cliatll (e Jse 2 Sl giae ST
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2. Write mass and charge balance equations for the dissociation

of CaCOs in water.
Equilibria:

CaCO; (s) 5 Ca** + CO,”




COs* +H,0 S HCO5 + OH’
HCO;s + H,0 5 H,CO;5 + OH’
H,O5 H'+ OH
Mass balance equation:
[CaZ*] = Sum of concentrations of all carbonate species
[Ca2+] = [COs2%] + [HCO3-]+ [H2CO3]
Charge balance equation:
[H*] + 2[Ca%*] = 2[CO32] + [HCO3]+ [OH]
585 ) s ¢ el sl e Jse 2 e (gsing asadl€l) e Jge JS O LaaY
Slo L) cladl S5 ol el ¢ apdl€ 585 i ssb dangall ciliadl
e 8 e Al @bl 55 Ly cQlig)Sl S8 Cania (glay Glis X))
il ¢ lagie S 3850 (gl lisSaally 2 2l
3. Write mass and charge balance equations for the dissociation
of AgzP0O4 in ammonia solution.

Equilibria:
AgsPO, (s) 5 3Ag*+ PO,”
Ag" + NH; S Ag(NHs)*
Ag(NH3)" + NH; S Ag(NHs),"
H,0 + NH; S NH," + OH
PO,> + H,0 S HPO,” + OH’
HPO,* + H,0 S H,P0O, + OH
H,PO, + H,0 S H;PO, + OH'
H,05 H'+ OH
Mass balance equation for Ag:

Cag = Sum of all Ag species
Cag = [Ag*] + [Ag(NH3)*] + [Ag(NH3z)2*]
Mass balance equation for phosphate:
Cpos = [P043'] + [HPO42'] + [H2P04'] + [H3PO4]
: )l pla O WS
Cag = 3 Cpos
Charge balance equation:
[H*] + [Ag'] + [Ag(NH3)*] + [Ag(NHs)2*] +[ NHa*]= 3[PO4*] +
2[HPO42‘] + [H2P04‘] + [OH']
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1. Find the concentration of H* in a 0.1 M HOAc (k. = 1.8*%10-)
using the systematic approach.
Equilibria:
HOAc S H" + OAc”
H,O S H" + OH™
il alasiuly d8l) c¥ales s (e 2 Y Ly ¢ dialae Al Ll o ol
todlef laliySy )
Mass balance equation:
Choac = [HOAC] + [OAcT]
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[H*] = 1.3*103 M

2. Using the systematic approach, find the concentration of H* in a
0.1 M H2CO03 (Ka1 = 4.3*107 and kaz = 4.8*10-11).

Equilibria:

H,CO; 5 HCO; + H'
HCO; S CO;* + H*
H,O0 S H + OH
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Mass balance equation:
0.1 = [H,CO4] + [HCO5T + [CO57]
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O. 1= [H2C03]
Charge balance equation:
[H']= [OH] + [HCO;T + 2[CO5”]
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1. The chloride (AW = 35.45 g/mol) in a 0.5342 g sample was
precipitated as AgCl (FW = 143.3 g/mol), weighing 0.3321 g.
Find percentage chloride in the sample.

mmwl Cl=mmwl AgCl

mg Cl _mg AgCl

AW —  FW
mg Cl 3321
3545 1433
mg Cl= 822

%cz=%*100% —15.4%

2. What weight of AgNO3 (FW = 169.9 g/mol) is needed to
quantitatively precipitate the chloride in a 200 mL of 0.020 M
BaCl: (FW = 208.2 g/mol)?. What is the weight of the AgCl (FW
= 143.3 g/mol) precipitate?

a. Weight of AgNO,

mmwl Agt =mmwl Cl= AgNO,
mmwl AgNO; = mol Cl
mmol Cl= Mc- * Vi c1-
mmwl Cl=2x 0.020x200= 8.0

mg AgNO;
169.9

mg AgNOs; = 13592

= 8.0

b. Weight of precipitate
mmwl AgCl=mmwol Cl

mg AgCl
1433 8.0

mg AgCl= 11464



3. Assume that excess AgNO3 was added to a 2.2226 g of a sample
containing Cr042. if a 0.3251 g of Ag2CrO4 (FW = 331.73g/mol)
was obtained, calculate % Cr203 in the sample.

ey Al sall ) bl s aaed A ADle sl sa abed o) Cang s )

2 Ag,CrO, = Cr,05

Jse slo ssing 4k aaly Jsa oY @llig 2 8 aulll @50 220 Lypn Wil ddaadle canys

CsSall o lsall HLED e la Vs ¢ lelian ahyall salall dpally Aslaall ()5 Aol b
14 geaal) salall oluny Jah () gaige WY ¢ (5,83

ol LS g ¢ c¥aall dany dalal) 380 S (Y,

\..AA} 3 1 E%) Cr203 QY}A e LQ.\.L\ 3 2 E%) AQZCI’O4 d\ k“_IY}A e ui C..a.abj\ %)
(FW = 152.3 g/mol) CryO; J) ci¥se aae Cazia AG,CrO4 J) s e of Jiny
:ji .

mmol Ag2CrO4 = 2*mmol Cr203

Pl LS ¢ al¥se axe o Gyl S anily Lea LS Alibeadl iyl 32l ¢ ddalay
1
mmwl Cr0; = Em’ml Ag,CrQ

O Lo of Cua ¢ Aggine Alliall s (V15 oodle] Alalead) i o doass allall iy
14d g jaall MMoOl J 48le ladiuly (i gad

mg Cn0; 1 mg Ag,CrQ
_— = — %
FW(nr03) 2 FW(Ag,CrQ)

mg Cr0; 1 3251
_— e — %
152.3 2 33173

Tng CT‘203 =746




74.6 mg

- Jd — 0]
22226mq*100% 3.4%

%C7”203 ==

¢ Gl @l e 2aY atomic weight J) lua DA e 2y J3T g53 e Jilue dlling
¢ sl Jeaall yalie e naall atomic weights J) pasil 2alall aladsul 5 284
rld e gl b Ladg

4. A 0.5000 g of pure lead wire was dissolved in nitric acid and
Pb2+ was precipitated as PbSOs (FW (PbSO4) = (FW(Pb) +

96.00 g/mol). Find the atomic weight of Pb if the precipitate
weighed 0.7318 g.

mmol Pb = mmol PbSO4

mg Pb mg PbSO,
AW(Pb) FW(Pb)+ FW(S0,)

500.0 731.8
AW (Pb) FW(Pb)+ 96.00

AW of Pb =207.08 g/mol

ey ¢ raiall 8 (e aladiul lgd A Aglie Ale 8 el Load oSad) (hay

5. Silver in a 0.7877 g of pure silver nitrate (AgNOs, FW = 77,
Assuming atomic weight of silver is unknown) was dissolved
and treated with excess NaBr where Ag* was precipitated as
AgBr (AW (Br) = 79.9 g/mol). Find the atomic weight of Ag if
the precipitate weighed 0.8706 g. (assume the atomic weights
of N and O are 14.000 and 16.000 g/mol, respectively)

mmwl Ag = mg AgBr
mmwl AgNO; = mg Ag
mmwl AgNO; = mg AgBr



mg AgNO3 mg AgBr
FW AgNO 3 FW AgBr

787.7 870.1
AW Ag+(14.00+3%16.00) AW Ag+79.9

FW AgNO; = 169.990 g/mol

AW of silver = 108.0 g/mol
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173

cishlll v ada jiia 3,0 — dgasl) Aldal) plaasst)



eilall ey cudall (e cansddl sl) Jael 4l ¢ aes oay HCI J) ol ¢ ade
¢ i) e bl el e Y saclE e NaOH J1 Jie sacl8 (a ,aY)
AR EOA| < [PX

NaOH + EtOH - ETO™ + Na" + H,0

(Bronsted—-Lowry theory) (¢ sly Siwdgn ool iyl .3
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2H,0 5 H,0" + OH"

rdsall (S ¢ Ol s

[H30*][0H"]
[H,0]

AR ) Jseal) (S ald ¢ (56 M JJsa) i el 585 of G
kyw = [H30"][OHT]

autoprotolysis ) slall SELH GlSall ol f ¢ oLl Gl culi kyy, O i e
(25 °C xc (k) sl Ol <l dad of SAL sl e .(constant of water
Jn b Ll el odn aasiins Ll V) ¢ shal) dajn yuty Al oda Luwis L107™ s
8)5S3al) 8 ylall da s wie Jilisal) el aellas Ul ulad e ¢ Jilisall

e ¢ [H30%] OV el (e Yoy [H'] padisins Wild ¢ (amseaill A0S Jygoii) Ll
bl Gliia (e 23y ablil s bl (B g o S Y g ugd) osd of Lle

Al LS (S Ale
k, = [HY][OH]
o
[H*][OH"] = 1014
ey

pH+pOH =14
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Sall Wl ¢ Jg¥) elall ki) HySO, J) ) 4dla) HCI, HBr, HI, HNOj;, HCIO,,
P Camad AU
H,S0, = H" + HSO,
HSO, S H* +50,”
J ol o sints slall b gl il B ag ¢ sagama Laad gd ¢ sl ac )@l Ll
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gl sosilly Galeadld g gl aB) lua
1. Find the [H*] of a of 0.1 M HCI solution.

[H*]soln = [H*]na + [H*]u20
[H*Jsoln = 0.1 + [OH]

Equation:

H,0 5 H' + OH"

Before equil 0.1 0
Reaction H,0 s H* + OH"
After equil 0.1+x X

ky = [H+][0H_]
107 = (0.1 + x) (%)
tol Cung e lal e @@l HY U A (gslasis OH™ J) A 8 X o)) eaalsl) (ha
Ay ¢ OH™ U1 e dagine 40 25ay Alla 8 Lmes Jsladl) 68y of iy ¥ .1
Uoge (sSiu X Ao )b
i b sl HY J) sl asms oS HT ) e A8 40 oLl sy 2
¢ lan BB i e L) (e dealal) HY Jds b Jullg ¢ S JRG Jgy el
Uage (sSis X dad ol
i ¢ X dad e Jeanl) (K0 0.1>>X o) liel Aibeall 8 Gy sxilly
1071 = (0.1)(x)
x=10"13
Han Q8 anl) Badl) o Y Jgrash) Say panpaillyg

0—13

RE = 01 *100% = verysmal lval ue

g5l Jslaall 3 OH™ Jls HY U e ol il




[H]=0.1M
[OH-] = 10-13M = [H*]uz0

2. Find the pH of a 10-> M HNOs3 solution.

¢ paaall 1S5 el 4t Al HT O o f ¢ L@l (alaa) aald naall 138
el 585 g O @ ¢ sl L B el
ra ¢ ALl Alid) 3 Jall s LS Al Ja (Saall (e

[H*]soln = [H*]uno3 + [H*Ju20
[H+]so]n = 10-5 + [OH-]

H,0 S H* + OH"

Before equil 107 0
Reaction H,0 s H' + OH"
After equil 10° +x X

ky = [H+][0H_]
107 = (107> + x) (%)
tol Cung ¢ elal e @@l HY U A (gslaiis OH J) A o8 X o)) eacalsl) (ga
Ay ¢ OH™ U1 e dagine 40 2gay Alla 8 Lmes Jsladl) 68y of iy ¥ .1
oge (sSiu X daf ()b
i b sl HY J) sl asms 4 oS HT ) e A8 40 oLl sy 2
lan 48 oS e W) e Aealdl HY O 38 8 Jllls ¢ S S Jiy <L)
Alage (35S X dadd Léi
sy X Aad o Jpanll (Sa 107 >>X o Jliely dobed) 3 (g saillyg
107 = (1075)(x)
x=10"°
talE anail) Uadll o ) el S pmgnillyg

0—9

1075

RE = *100% = 0.01%




fgslad J sl = OH" Ul H" O dad )4 LAL\SM}
[H*]=10-5M,pH =5
[OH] = 10-°M = [H*]u20

3. Find the pH of a 10-¢ M HClO4 solution.

S gsbd (mesll e Al H J o of ¢« $sall (mlaal) ol g8 pmeal) 13
ra ¢ ALl Ald) 3 Jall s LS Alall da (Keall ey ¢ (aaall

Hzo S H" + OH”

Before equil 10°¢ 0
Reaction H,O0 s H' + OH
After equil 10+ x X

ky = [H+][0H_]
107 = (107 + x) (%)
tol Cumg ¢ elal (e @l HY U dagd (gslais OH™ J) Al o X o) eaalsl) (ga
Ay ¢ OH™ U1 e dagine 10 35ay Alla 8 Lumes Jslad) o6y of iy ¥ .1
Aaga ()5S X dad L8
i Gl @il H J) sl asas 8 oS0 HT J) (e ALl GpeS oLl dary W2
¢las A8 S e Ll (e deoldll HY U1 2S ols Jllg ¢ S J<8 Jig <L)
Uage S X A )
sty X da o Jpanll (S0 1070 >>X o liely Alslaall b o5l
107 = (107%)(x)
x=10"8
tQE al) Uadl) o ) Jseasl) (S iyl

—8

RE— 10
~10-°

*100% = 1.0%




tgsbadi Jstaall 3 OH™ Jls H U1 dag gld Sl
[H*] =106 M, pH = 6

[OH] = 10-8M = [H*]u20

100 M e HY O 385 Jiy a2 Allidd) Ja ) oY) Lk o)
4. Find the pH of a 10-7 M HCI solution.

ey ¢ paeall 585 gslui Gaeal) e dadldll H J1 o 6f ¢ o (ans 58 (meall 138
ria ¢ Akl Ald) 3 Jadl s WS ALl o (Sl

[H*]soln = [H*]na + [H*]u20
[H*]som = 107 + [OH"]

H,0 5 H" + OH"

Before equil 107 0
Reaction H,0 s H* + OH"
After equil 107 +x X

kw = [H'][OH"]
1071 = (1077 + x) (%)

J aseS ol Gmg ¢ s L) (g @aldll HY J) ded g5luis OH™ ) dad o X o sl gl (e
A ¢ (Cmeall e 8) el e dadall H ) 408 (g5l Ly (meall (e ddall HY
Jslain Wl ¥}« OH™ ) (g5l lly ¢ e lall (g Aad@ll H ) A ol Sl (g i
AL Q) Ja 8 Feadiiusa) fghadl) i o Lol Alisdd) Ja
sy X Aad e Jgandl (Sa 107>>X o Sliicls dlslaal) b iyl

1071 = (1077)(x)

x=10"7

tae el Sar Wy ¢ S il Wadll o Y Jgeasl) (S sl




-7

1
RE = *100% = 100%

1077

s H' ) A slay Gl Alslead Js cingy ¢ Aiail) sl o Y 4l s
Jslad) 3 OH

tdaadl (<G oyl agatd il Allal) 1)l
5. Find the pH of a 10-1© M HCI solution.

e ¢ paeall 35 gslud (meall e Al HY J) o 6l ¢ (g8 (ann 58 aeal) 1aa
ria ¢ ALl Jiluall 8 Jdladl sa LS Alliadd) Ja oSl

[H*]soln = [H*]ua + [H*]120
[H+]so]n = 10-10 + [OH-]

H,0 S H* + OH"

Before equil 10" 0
Reaction H,0 s H' + OH"
After equil 10" +x X

ky = [HT][OH7]
107 = (1071 + x) (%)
sy X Aad o Jpanll (Sa 1071%>>% o Sliicly dlsladl) b imyseilly
107 = (10719 (x)
x=10"*
Han JaS el sl oF Y Jgeash) S (sl

-4

o+ 100% = 105%

RE =

diad o By lan lan € el Uadl) o Cam ¢ dpadl) Jpd oSa Y il Ly,
Gaa il el (Vs ¢l e Lind jelay L 505 ¢ amall 8 Bpmdl) e ol a3
tomslly i) @ a5 ¢ X>>1070 O of i




107 = (107 + x) (x)
107 = (x) (x)
lgias
x=10"7
ol Wl W Jpeasll (S manilly

0—10

RE =
1077

*100% = 0.1%

G OH™ Jls HY U e ols Jully ¢ dpcail) das S5 Las lan Qi s Uad a5
gsbudt Jslaall
[H*] =107 M
[OH-] =107M
Go wall H U1 W e eldl e paldl) HY ) sa Jsladdl 8 HY O da o i e
celd) (e adldll HY O ) Al dlege dad sgd Laeall
OS50 dadh e (6 Cun ¢ Ayl aell) Al b Jilaall dad slul) (i Gudai (S
OH™ J 4ld seldll & Wl « OH™ J) dlal aclsdll d sacléll 385 g5l OH™ )
NXag ¢ saclall 385 Canaa Led OH ) 5S35 o) Sd
8|9
6. Find the pH of a 10+ M Ba(OH): solution.

Ba(OH), J) 585 Cinca g5y OH™ U1 355 ey ¢ 4y68 5218 Ba(OH), J) iy
OH™ J) s e ) 51 ¢ OH™ Ul (e Jse 2 e (g5iny Ba(OH), U (e Jse S Y
oy Alaall Ja (edll (o5 .Ba(OH), J) cN¥se 220 oz 55k Ba(OH), J) 3
G OH™ J) 585 of ain of oy 080 ¢ ALl i) L Lalle ) Zay,h))

:2¢107* M




[OH Jsoim = [OH ]Bacon)2 + [OH ]n20
[OH Jsoln = 2*¥10* + [H*]

H,0 S H* + OH"

Before equil 0 10*
Reaction H,0 s H' + OH"
After equil X 10 +x

ky = [H+][0H_]
107 = (x)(2%107* + x)
o) Cans ¢ el (g Al OH ) & (g5locis H" J 4. & X o bl (s
O s ¢ HY 1 e dagine BaeS agms Alla 8 Lacld Joladll (& of iy Y 1
laga OsShw X dad
S a il OH™ J) (s asms 3 081 OH ) (g 3L 40 o L) JJany .2
fas Al o< e Wl (e ddldll OH™ ) duaS ld Stlbg ¢ S IS4 Jg e W)
‘\jAG_A“ S XMQT Lﬁi ¢
tua ¢ X dad e Jyeanll (S0 2% 107>>X o el dlsledl) b iayseilly
107 = (x)(2%107%)
x=5%107°
t 0l anail) Uadll o ) el S pmrgnillyg

_5>|<10‘9

5 * 100% = 0.05%

gsas Jslaal) 3 OH™ Jls HY J) el ol ML ¢ G dll dam S5 Lae
[H*] = 5%*10- M = [OH Juz0

[OH] = 2*10-4 M




Lghl) asgilly palaall 3l

oabeaSU HY UL ddasiyall culdlyal) ol o 4yl (alead) 3l of Jsill oSy pilsll b
¢ Al el 038 (8 duwlidlyy « CI, Bro, 17, NO5 7, and CIO, J as ¢ 4yl
Siad < OH™ o lgie iy ¥ Ml ¢ elall g Jelin ¥ Ll dayal 4l dama o

Cl"+ H,O0 » HCI + OH"

Sle aas ¥ gf (mes HCL Ul o Gigpeall (e HCL 52 aalill (Y ¢ 2 Y Jel s
t0sS O G QYU addes ¢ o Lall 8 Adsall 5 sl
Cl'+ H,0 5 CI + H,0

sl aleal) cpe A duac &) ClE)yd) Seas 8 Yoleie iy el of o
o2 o 2 929 (52 ] ST

cligly Na*, K, Ca® J) Ji) 45l aclgilly dagiyel) dumenll cullihyall b ¢ Gl
¢ Loagf L) e Jelin gl imay ¢ Tan i pmen cilidlye ydind ¢ (gAY oaladl)
s Je &) S

Na"+ H,0O - NaOH + H"
oSar ¥ 48 520l NaOH U of agymal) (s NaOH sa il (Y ¢« o ¥ Jelss s
t0sS O i QY Ao ¢ o lal) 8 Aiall 5ypal) o aalss

Na“ + H,0 5 Na" + H,0
i s Al selgll (e AEidal Apaenll Ciliihal) 25ay 2 Yaleie u sl o
iafipll dpcaeal) clihally ¢ Al alaaYl ddagdl dacldll il el o
dals e i Yy ¢ (spectator ions) da e clisl€ Jslaall 8 i 3yl acl sl

[HTh20= [OH lz0 (i sl Jslaal

385 Ll gl HY 00 585) pH J A e i) ol il Jlie) aae qasy o)
s « diverse ions J1 il @l el o Cua ¢ (@lisgY) @l 2y 8 OH™ J)

elall Gl 385 gsbd ) 5LEY1 pe ¢ lsill 3858005 B agad




Gihal Lael 8 308l Ceeall Dl Ay yded Ll Galeal) o sl oKay WS
Lnmges b ol Coeall Dla 4@ et Ll aelll of WS ¢ Lo byl saclal
Ao iyl amalall (380l

dipall ao)gilly (alealy)

Lody a0 Y ddmal) acl@lly pmlalY) gl o Ll acldlly pmlal) s e
Syiina 358 Ll 3ol ity Capmacall aeall Gl oY LL:\X}Z:\R.A.A‘.;QJ‘ sl 4 100%
s ¢ (Jslaall (& Gmnppned) sl S5 e g Ul ¢ sl pe el aliing)
Gl ¢ oLl ma Jeliy ail ) 5yiine 558 Liaf Al dimall sl 38l amenl) (3
he aleal) g & Al GalaY6 L (Jaaadl 6 gl osf 585 e i
b Jae aelgl) pren A Admaal) aclll 8 Gy ¢ dpald) Bl 3 o)l lill

gl Lpalall 3l 8 Lghmg 5 Al

O ¢ (leie O YDl dad cn) el 8 KE) Admaa dsal) Gl o Cung
dad o slelie ae ¢ OBVl ADLe Glaaial ki s pued) sl S5 Al Glaa
S Aaally dlega dad milall 35 HlieY Usea e ¢ 100 o JB 00 <l
Ll LS ¢ bl Jugadtd 46 e 23R4 V) Jlaa) oSy Jlllys ¢ cdle i)

YL Galal) Jeadl) clilia

sa bl
1. Find the [H*] ofa 0.1 M NH3 (Kb = 1.8*%10-%) solution.

[OH ]soin = [OH ]nuz + [OH Ju20
OV ¢ Lisal) S5 Lise¥) oo bl 2y nel) S5 o sl LSy Y il sy
i iy sl) e 23dll OH™ ) 385 o Jill (K o) Adpmia 32c 8 2 L s
AN LSl ¢ LiseY) e il as puel) 358 e A5)ally Alega
Gung ¢ Jolaadl (A HT J) 585 (golon e Ll e w3l 2S5 pael) 585 (1
gl ey ¢ Ju I3 HT O 585 06 o) Jim ¥ sl sacld Jslad) ¢
el Joladd) 3 H™ O 385 Jlaa) (Say 4l




NV ¢ Nage el o w2l aeSgpuell 585 el (S ¢ Jual) (2

oe W OH™ J) liid)l sl gy s Aglall Q8 o Ll elSas s

OH™ U 48 o S5 Lan ¢ Bagale IS Jiy slall 5 la ¢ (LisaY]
Nedlaa) (Say el (e daalal)

toh LS ellyg ¢ dall Joan el ¢ Alabeall B0 Ayl a s ¢ Alsal) Jaly

NH; + H,O 5 NH,"+ OH~

0.1 0 0
NH; + H,0 s NH," + OH
0.1-x X X

_[NHS][0OHT]
®7 [NHg]

1.8%107° =

0.1—x

Jians doledll Jags ¢ 0.15>X o (aagisn of el e Alial) Ja Jagest] ¢ 32laIS
ellyg ¢ 1.1.\,94)93 L;\.u.\.lj‘ Ul wlaa Lﬁ)})‘bﬂ (g e X = 1.3*10_3 dua ¢ Xi.g&és;
L;ﬁus

. 3.3¥1073
Relative error =

*100% = 1.3%

ol Ay ¢ (Aagma 0.1>>X ) Winz b old %5 e Ji sl Wadl) o) Ly ¢ ale g
dus ¢ X = [OH_]

[OH] = 1.3*103 M

o (L) e paldl) 2Sspaell 5S35 (gl oag) [HY] ) dad Clas V) (Saall
sadaledll

1014 = [H*][OH]
1014 = [H*] * 1.34*103

[H*] = 7.5%10-12 M = [OH Juzo




a1 e w3 1Sy pul) 585 e A3l LAY Alege Lad Jadlly 5

2. Find the [H*] of a 0.1 M weak acid, HA, solution, where K, =
1.1*10-4).
[H*]soln = [H*]ua + [H*]120
¥ ¢ panall 385 paeall g @WVHT JI 585 ge panel) WiSay Y adl sy
iloge BaeS Liiny slall e 238 HY U1 585 o Jl) (Sa oS0 ¢ Cima mes HA
A LU ¢ (maall e bl HY J) 385 a A3)laally
O G ¢ slaall (3 OH Jl 5855 (sl sl G w2l HY OV 585 (1
S5l ey ¢ b 3 OH J) 585 0sS of Jim ¥ ald aes Jiladll
sl Joladll 3 OH™ J) 385 Jlaa) oSy 4
i (Y ¢ Slaga bl e 23 HY J1 385 el (Sa ¢ JuaY) b (2
oo Ul H J) daidl o) sy A AL Jl ol elKa
H™ 0 3wS of S5 lae ¢ Bigale <G Jo cld) S gli ¢ (Laesl)
lage sl (e dnaldl)

tob LS ellyg ¢ dall Joan el ¢ Alabeall B0 Ayl asi ¢ Allsal) Jal;

HA S H + A
0.1 0 0
HA s H* + AT
0.1-x X X

K - [HT][A7]

* 7 [HA]
4 X*X
e

¢ X Aad e Joans Aaladl Ja (es ¢ 0.1>>X o Gagiss ALl Ja Jseedl ¢ 3alaIS
toh LS elldg ¢ lipmpdl ol Uadll Gilis (5553l Gag ¢ X = 3.3%107° Gum

33907 100% = 3.3%

Relative error =




X ol Jallg ¢ dagmia 0.1>>X of lina b b %5 e B il Uadd) (o Ley ¢ agle

tua ¢ = [H]
[H*] =3.3*103 M

e ¢ (ng\ e ea&?l\ H™ O S5 L..S}Luﬁj) [OH] J) 4 Glaa (N (Saddl (a
sadaleal)

10-14 = [H*][OH]
10-14 = 3.3*10-3*[OH]
[OH] = 3.0%10-12 M = [H*]uz0

Ll algilly palaall 3

acid-base ) aes (38l seli (< ¢ g2l Bl (men IS ) Gaw Lad LSO
Gilher abli)) s Wam paeall Jeay Lo of la SE5 o agadl (5 ¢ (CONjugate
lealiiy) 58 A Bac @) Jang Log ¢ (g 0 aad olall ae Jeliy (5l) (58 g2c8
dllas (sS5 of adgiall ed G (HY aed sl ae deliy ) o oaen (38l
JeSal) 3l Lale Cony ¢ Alilaie o) dpmen o Aped dgmall acgilly aleal) ZO
saeal Jualall GlY) ) lau Uged ¢ poasdl 1 b Acaliny) Jé oSzl

(il Apnaall 5ac @l Lin abiay) 4dilyes Ciens

HOAc 5 H* + OAC™ _ [HT][0ACT]
¢ [HOACc]

OAc™ + H,0 5 HOAC + OH™ _ [OHT][HOAC]
b7 [04c]

teapal) Jeals s Jlail ¢ oy

[H*][0Ac™] [OH™][HOAC]

ko * ko = —pod " T0Ac

kg * kp = [HY][OH7] = k,, = 1074
AU e ¢ sac @l S cmeall @ihall OV Culi dad e Jpandl (Sey 43lh ¢ adle

ka * kb = 10_14




olesi dlia s .acid—-base conjugates I L dagsa 4l Gl o 4 o caay oS

oS oy Admaal) selilly palaa) &3 g 15 0

¢ (A 3acl Gl (i aes oian) (58 Bihe BE e 0sSE S 2O L
22 s (Aasd 5ael 4l (g8 Lmes W opran 58 Taa Clea AV G Lay
Vs ¢ Tan Ciman 4 Ll s2c @) 51 (g6il) (manll e 20 (330 Jlea) 2y AS))
525 NH™ U1 e 058 NHLC 1 Sl L2550l Y HT U1 B (e i
Ll pe ale s Aals (e g8 sed My ¢ (LisaY) digeall saclall (3850 Gaes
)y 3aclE CI7 J) Ly ¢ ase dailil) HY ) 40aS (las camgy ¢ HY 1 aall
Sl ) Gl ¢ (HCI J) s pana laydas oY eladl g Jelii Vs lan dipean
Jio zle Lal 13 4 (o Llaasay Jegd Jalls « OH™ J) ST HT O 2l b
NaOAC JI Jie zeley 3laiy L ¢ Loyl .1aia NH," il ilS a8l i NH,CI I
oias) laa Cimaa (3he e 4 sld) ae Jeliny ¥ Na™ ) of ol s
OAc™ JI Wl « H" ) 385 4l o gy ¥ asle s (NaOH 4yl sacal
Sl ¢ (HOAC Capall (manll s Wjias off Cun) 4y 4y sacld Lgild
el Yglas gl oLl pe Jelii gd
g G el g delity Lagie S) e Ll (e G 0 055 AN DY) L2
Capun aes sl jaae of Gl (OH™ JI LAY iy i H Q) Laa aa]
e aat b Legie JS @l Alal oda by ddmn sl s JAY) juae Laiy
J Miad . lie ) cpm Jslaall 8 Lagie JS ol 38T Camyg ¢« Jslad) 4 HT U
Sl ¢ (LisaYl) ddsmaall 0Bl Gilye ann sa5 NHL" U e o580 NH,CN
H 0 ds Glia gy ¢ HY J aaliily oWl ae alelss dali e (g8 g
Wrae oY sld) po Jeliniy Loy 438 288l 5208 CN™ J) Laiy ¢ aie dailil
Dlie) sy My « OH Ul 2l b @lis Gldl ¢ (HCON Jl) G aes

Jslae Ll @l @il a8 NH,CN O Jie mle Wl oIS 13 adl & L laasag




¢ Legie JS alasiuly pH ) Gilias s ¢ o) 8 CNT 5 NH,T e (gginy
PH J) e e syl ady oLl e Jeliy (g8 LaadS Y

1. Find the [H*] of a 0.05 M NH4Cl solution. (K = 1.8*%10-5)
PGl & Ll LS ¢ Jall Jsan o lyg Alabeall 0S5 a8 of 23 Y

NH," 5 NH; + H'

0.05 0 0
NH, s NH; + H'
0.05-x X X

JN oS Ky ouls Ko alasind Gang adl Jm Lee ¢ HY s il ) Asleall (e a3
Gy Waily ¢ Jiluaall & 3ihall 5V s dad clae) 2y Vs ¢ Bihe pmen 8 NH,'
8 08 LgBland) 5 Al ABal) (e dasbias

ka * kb = 10_14

k,*18%x10°>=10"1

k, =56*10"10
X * X
ko = 0.05—x
tle Jeast Aabaall Jayg ¢ (0.05 > x) o) i « salallS
x= 53%10"°
el Tadl) Clisay
5.3%107°

Relative error =

*100% = verysmal |

x=[H*]=53%10°M




2. Find the [H*] of a 0.1 M NaOAc solution. (Ka = 1.8%10-°)

PGl & Ll LS ¢ Jall Jsan o lyg Alabeall 0S5 a8 of 23 Y

OAc™ + H,0 5 HOAC + OH

0.1 0 0
OAc + H,0 s HOAc + OH
0.1-x X X

OS¢ Ka s Ky alaain) Gang adl ixg s « OHT p il (o Adoleaall (g a3
¢ Jlaall 8 3ahall Gl dad e Glaglae slac) S Vs ¢ Addje scl 8 OACT
:KEXJ\LM‘QLA; gqﬁgbdb

ka * kb:: 10_14

k,*1.8%1075 =101

k, = 5.6 % 10710
k . X *x X
b7 01—x

tle Juant Aalaadl Jagg ¢ (0.1 >> x) o s ¢ salllS
x= 75%107°
:‘é_.u..d\ Uaﬂ\ t._\La.uA_jj

. 7.5%107°
Relative error =

*100% = verysmal |

POl addes ¢ Bacandl) )y lea ¢ lan s 4l 2

[OH ] =7.5%10"5M

0—14

= g = 13%107° M

[H7]

pH = 8.88




3. Find the pH of a 0.2 M NH4CN (ka (HCN) = 4*10-19, k;, (NH3) =
1.8*10->) solution.

A Apaa sacliy (HON Jl) Camin (aes Layian mld) Jid of dad) (e 2aadl

¢ oY) Allae LS e a Yy ¢ Asjall oda 6 Legie (o Jlea) (S Y addes . LisaY)

tlagie JSI e )l dad bl

NH," 5 NH; + H' kg =5.6%10710
CN™ + H,0 5 HCN + OH~ k, =25%x10°

sl S ) O sl e oSaad) e ¢ plad) A8 Y1 il a8 ) il
O e S ST GsSi SB ge 45Ul OH J) 3ueS o ol ¢« J¥1 oY) e LIS
o5 i A Gk e Alendl) A e Jseanll (s ¢ 1 G e ) HY

) e eV Y

ky 25%107° 14643
k, 5.6%10°10

slicls ¢ asise¥) i Jlaa) ym les ¢ Ky J) e 83 45000 em ST Ky o
Lacls oS Jslaal of Loadd oS5l e « PH O) Gl a2y ¢ dsage e

L AR ki LS ¢ Jad) oo ol ol o3 Jle el

CN™ + H,0 5 HCN + OH"

0.2 0 0
CN + H,O0 s HCN + OH
0.2-x X X

OFY) b ABle b ay sailly o g
X * X

k, = =25%10"°
b= 02—x i
tle Juant Aaladll Jagg ¢ (0.2 > x) o s ¢ salllS
x= 22%103
sl Uadd) Gy
Relative error = 22¢1077 *100% = 0.01




ol addes ¢ Apinl pyy Lea ¢ lan a4
[OH"] =2.2%1073M
0—14

H¥l= —— = 45+10"12 M
)= 5510 *

45% 10712 M gsby gaaine sWlly NHY™ J) e a0dl) [HY] O o S Lae
Aglall dlege 4paS a5

pH=11.34

(buffer solutions) daidl Jullaall

Uaen (e AL LS dila) vie pH J) & il a5l s Jolaall sa alaidll Jslal)
M\@@mzmlﬁjc &M\ﬁmﬁeqﬂmmmw&gcﬁmlﬁj
e hady gl O Bl pH J1 el Jilaall Gl o6 ¢ Aagall s Ll Gl
ahidl Jolaall Alls 3) (mesl) @i Ladi Loyl Zaalal saclilly ¢ 43l saclill SIS
oaaall GBS (8 el ey e o (A8hall aclly Climia Gaes (e OS5 A
Jolaad 2000 b)) lally @y Jas Sas ¢ dan S A6l a5acldy Casenal)

:0Ac JIy HOAC J) ¢ alaia

HOAc 5 H' + OAc”

OAc + H,O 5 HOAc + OH

OsS a)l Clil) e Bydine DaeS g 0N ¢ Gl Jaay paeal) dSE G Jaadls
by S Gl ol Jidls Slege paeall dE lie) oSa 18 ¢ bl Jolad)
ke oS (Ml ¢ alaiall Jolaall 585 a3 Bpiine LaSs dpage Gmeal) (S ¢ sl
O laad Gl e o alasind Saall e 4l 1) 5)LaY) jas LS L olSam Y i)
) dsasll Gyhll el iy (Gihal Guly) ) ot of Lila oladl aae ¢ pH

oSl alaial) Jlaall by ¢ ST Juadill Joladd Y1y Al

¢ [HOACc]

HOAc 5 H' + OAc™ [HT][0Ac™]




: ) e Joani ¢ gl culd 3B (i

(HY] = k [HOAC]
% [0Ac]

[OAc™]

pH:pka+log—[H0AC]

[Sall

H=pk, +1l 0og——=
p pa+0[ACld

PR ~&)lbs « Hasselbalch—Henderson equation dlaladll 238 Je (3layg
da b eaiis o Wl V) ¢ Aabiial Jdladl Jlae o (B aly lad o axdid
poede aladinly lelilue Jay Jdladdl elli dallan A paiuin Jio Glaadl 132 4 Jildl)

cyidia el dgas b OB dallae ) 06 Lo il Aabos LY ¢ oY)l dad

sl (e Byine Gl o gsing o) ag sl Joladdl G SAL sl ey
O Adl) (5688 o amgy ¢ Dl Tadd g ¢ 3ibal Lgumang sac ) ¢ Al aiae i
Oarsaill adde s .10 ) 1 5ol Y Galall lecanng sacll) o ¢ 468yl ataclEy (aaal)

ro i Sy ¢ odlel 5aY) Aslaall b

pH=pk, +1

J ded Jsa PH Ul e ofimy en V) deny ¥ alaie Jslase ol of Jsill oSy am
JLAS.pHd\wajmﬁdu‘éjdwhb?kud)luq;ﬁ‘jd@‘pka
Myl Jslaall pH JI e gy L oadiie Jslae juzmadl 3aclll f meall Ll

bl Jolaal pH I e s L pKy 1 (sSe 0 oy Gam ¢ opumn

(buffer capacity) aliiall J glaal) dau

DA e e PH 1 8 Ll dasliae o Ly b Calias Rl Jillaall of o
N sl daglia o 4)d) alaiall Jolaall da g G L lghen 8 alian Ll
opkle Jle (pH




S0 bl s (Gahall Gmeally sacall gf) Aa)yall saclly (mesdl 5S35 .1
Sl 2oy

PH J) il LS a5l Cus ¢ (aaall pky J) (g alaiall Jslaall pH J) G 520 22
Azl Caly WS ¢ Gaeall pky J) e Jslaall

tABD (e aliiall Jolaall dan e Cloa (Sl (g ¢ Ll L

5 = 2303 {[acidi*[conjugatebase}}
= 2. *

l[aci §+ [conjugatebas{
U
1. Find the pH of the buffer formed by combining 20 mL of 0.2 M

HOAc (ka= 1.8*%10-°) with 20 mL of 0.2 M NaOAc. Calculate the
buffer capacity.

rllial) da 3 A8L) (gylall i ais
HOAc 5 H” + OAc”
tua ¢ Gilslaall Bla e Aaslll A8l Sl Ajma Glal) B g (S

nmnmol HOAc
Totalvol une

Mpoac =
i b o (ldihe pe Jolin Y saclilld GlliSy) 4Bl ae Jeliny ¥ (ameall of Cua
rdadd Caddnl) ) sat cplsladl)

0.2%20
Myoac = 40 =01M

0.2%20
MOAC_ = 40 =01M




0.1 0.1 0
HOAc = OAc + H
0.1-x 0.1+x X
_ [H*][04¢7]
" [HOACc]
Fomsxally
18+10-5 = (x) * (0.1 + x)
' (0.1 +x)
ol e 0.1 x o i ey
x= 1.8%107°

POl agdes ¢ Al Ol Wad) o ST Sl e
[H*]=18%10"°M
pH =474

PEPPA & s gl (-;L.'\.d\ Jslaall dany Gl asdi ¢ Y

2303 [aci i+ [conjugatebasd
= 2. *
g l[aci §+ [conjugatebas{
B =2303x {—0'1 - 0'1} =012
0.1+0.1

O sl Aaglia o abiiall Jslaall )08 caoly LS ¢ B dad coly LS il g
aiaclly (aeall (e JU2M S5 alaatinly 81 ¢ Jlsad) Qi o Bale) Saall ey .pH
& A S8 e Yar o (1 M LIal aey d88hall 520y Gaeall 35 muay) sl
e A5 Al F V) ¢ pH Ol e Y s 1y ¢ Aalal) Alld) 8 daladid

S sl e Lelaasi) ¢ Cilaual

2303 {1*1} 1.2
= 2. * = 1.
B T+1



2. Find the [H*] of a buffer solution having 0.06 M NHs3 (kp =
1.8*%10-5) and 0.02 M NH4CL

e o S sl By ¢oelld Al al ) s ¢ aliie Jslae Wl ) maaldl)
¢ NH; and NH" I e lada o gging (3 Jsladd) 8 cangynell ol S5
Jadl Jsan o liy asiid ¢ dlgal) @l (gging 5 51 (Ao Jpemnll Gallatig ¢ Aass ZlaYly

1alea s LS
0.06 0.02 0
NH, + H,0 s NH, + OH
0.06-x 0.02 +x X

X dad ol ol A8la) (50 dypmendd) S Aasinly syl Gapgeil) Loa cSadd) (gay
(NH,') diad) ool asmg b S Ji Gl S ¢ yina Sl Y1 el oY

(0.02+x) *x
0.06—x

k,= 18%10"5=

tle Juast dalaall Jaug ¢ (0.02 > x) of Gasdi ¢ (N
x=54%10"°
:Ql}‘\,’\.\c\g‘@ﬂ\wmcg\gﬁuﬁidgwﬂ\&ﬁ\gm»j

X=[0OH]=5.4*10>M
And [H*] = 1.9*10-10 M
pH=9.72
3. Find the weight of NaOAc (FW = 84 g/mol) and volume of 5 M
HCI, required to prepare 100 mL of a buffer solution at pH 5,
and has a salt concentration of 0.4 M. Calculate the change in
pH when 10 mL of 0.01 M HCI is added to 10 mL of the buffer.
ka = 1.8%10-5
:0AC JI 385 Jis « (HOAC) Gaeall (585 OAC J) Jslase ) HCI ) ddl) xic

OAc +H" = HOAc



alaidl Jslaall 3 HOAC J) 385 by Aylay asii ¢ Allisall 53100 ilaglaall (1

tof aad s ¢ Giglladl)
[H*] =105 M
[OAc]=0.4M
_ [HT][0Ac™]
" [HOACc]
L8105 1075 % 0.4
.0 * =
[HOAc]

[HOAc] =0.222 M
clea 2y Jalby HOAC J) (e mmols JI sxe Clua (S HOAC J) S5 3ad (s
ae iy Giload) HCE JI ge mmol JS o dua ¢ 4l g g3l HCL J) aas
;o Al Jeayg « HOAC JI (e mmol
mmol HOAc = mmol HCl
0.222*100 = 5*ViL
Vmo(HCI) = 4.44 mL
t) ) Al o uag LSl NaOAC J) 4 qlualy
Total mmol NaOAc = (mmol NaOAc + mmol HOAC)in solution at equilibrium
HOAC J) Y NaOAc J) (s ea i o Lis Sual HOAC J) o el

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

mg NaOAc
84

62.2

mg NaOAc=5226 mgor 5.226 g

: aeall 4Ll ax pH d\@jyﬁﬂ\ ume)ﬂcu;ﬁ\}



tsde sy buffer JI Jslas of alas 4ad)
[HOAc] =0.222 M
[OAc]=0.4M

J e mmols J) s (Saall (e alé ¢ 10 ML 52 abiiall Jlaall aas o)) Cus
:Cus « OAc” Jls HOAC

mmol HOAc = 0.222*10 = 2.22
mmol OAc =04*10=4
:HOAC _ax ¢ OAC U go LaaS e liy aili alaiall Jslaall ) HCI J) ddlia) xie

H' + OA¢ = HOAc

mmol before reaction 0.1 4 2.22
reaction H' +  OAc - HOAc
mmol after reaction 0 3.9 2.32

b WS ¢ dshall saclally (menll Akl Sl Claa (S Leias
2.32

3.9
[0Ac™] === =0.195M

20
YY) Aol (& gl
0.116 0.195 0
HOAc s OAc + H'
0.116-x 0.195+x X
_ [0AcT][H"]
¢~ [HOAC]
Lgx10s = F11+0195

0.116
[H*] =1.1%10"°M

pH = 4.97



ApH = 497 —5.00= —0.03
dags pH J) cli 28 ol ¢ (3235 0.03) Ll Jis laiay <l pH () o L_;T

Lol AiLY

4. Find the weight of NH4Cl (FW = 53.5 g/mol) and the volume of
6 M NHj3, needed to prepare 200 mL of a buffer solution at pH
10 and has a salt concentration of 0.1 M. ky, = 1.8*10->

ro) Skl ¢ (g3l 5y

oo Bale 43ld buffer Jolae (e sle s Jslaal) of Jilull g = pay Al Jiladl 3
ol i o) i)

cx=0 o Llae) Julls « buffer JI cliSe e ol dlSa el axe .1
Slo daiin Al Al LS S o e o Y1 AR e Al ey sad) 2
) Adbaall Sl Adjaad clldg ¢ oY)l LS 5 o buffer J) i<

Allsd) i \gle (agaidl pH O ) o
PO e ealag) e s ¢ aslaa e Jolaall 8 LisaY) 3855 of alas Alliall 4

[H*] = 10-1° M, [OH] = 10+ M
7= [NH3]soln
Saltis NHs*, [NH4*]= 0.1 M

[NH{1[OH™]

7 [INH]
0.1x107*
1.8%107° = ——
[VH;]



e Jsanll NH,CL 01 ) gilia) oy 3 55500 Ussel) s lad e (Y

PH =10 2ie i)l Jeladll 5 200 mL

M;Vi = M¢V¢
6*VmL = 0.56*200
VL= 18.5 mL

14 gen Waalay) St NHLCI J) 4535

Y _ Molarity * Volume (mL)
FWw

mg NH,Cl=1070 mgor 1.07 g

5. Find how many mL of 8 M NH3s (k, = 1.8%10-°), and how many
mL of 5 M HCI are needed to prepare 200 mL of a buffer

solution at pH 10, and has an NH3 concentration of 0.6 M.

Jslaall 3 asiised) 585 Lin ¢ 0.6 M 58 Jlaall 3 LisaVl 585 of ales Allsall e

ub:iy‘ % odl;.i“\ L'\:\hj 3 ejl:u. ‘)..39

[H*] = 10-10 M, [OH] = 10+ M
[NH3]soln =06 M

[NHsat]=¢M
_ [NHF1[0H™]
b [NH;]
18%10-5 = [NH;“] x 1074

0.6
[NH/] =0.108 M

00 CED s e ot ol ) i sl



o) Gua ¢« pH = 10 xie alaiad) Jslaal)
mmol HCl = mmol NH4*
MyciVyer = MNH; VNH;r
5% Vycr= 0.108% 200
Vyc: = 4.32mlL

& asnsadls il MMOIS ) gsane (o 4dde Jpmnll (Sad oD Ligad) ana Ll
P 50al LisaY) sa Laayaas of Cus ¢ Jsladl)
Total mmol NH; = (mmol NH," + mmol NH;)i; soin

totalmmol NH; = (MNH3 Vg, + My 3 VNH:)-

i nsoln

totalmml NH; = (0.6%200 + 0.108% 200); ns;n= 1416
tOtalTrWDl NH3 - 141.6 == (MNH3 VNHg)COTlC

1416 = (8* Vyu,)cone
VNH3 = 1777714

A Al 5ey Aakiiall Jullaal)

¢ w24 (ionic strength) Ao g8 4l alia Jslae juans ) 2liai ¢ el as &
caall 585 J bad el olil) g o Uy LAeSl sl cplas (8 L
Lyl Jlaall 253 5800 1) Jo (G380l manly sl ) daa) sl 520 )

AN

1. How many mL of 12.0 M acetic acid and how many grams of
sodium acetate (FW = 82 g/mol) are needed to prepare a 500
mL buffer solution at pH 5.0, and having an ionic strength of
0.2.ka=1.8%10"



& aalun Al el g gV LY ¢ Aaal sac il S5 el o Aol 4 Lle
LoV 55l 3 aged YV Al aelgilly alea¥l of SE) Jglaall d5591 34 Lo
tia ¢ (Uslaall

1 2
p=5 G

1
02 =5 (Crg+ * 17 + Cope- * 17)

Cnat = Coac-
1
0.2 = E(ZCOAC_)
COAC_ = 02 M
t&ua NOOAC J) 43y alay) cSaall (e ¢ Yy

mmwl NaOAc = Mpygoac * Viusrer

MY NaoAc
— =M * 1
FWNaOAc NaOAc buffer

"lg NaOAc

320 0.2 500

Mg naoac = 820001r8.2 g

to) Cum ¢ YD e HOAC OV 585 ol i ¢ oY

? 0.2 0
HOAc 5 OAcC + H'
?2-x 0.2+x X
_ [HT][0Ac™]
¢ [HOACc]

takiia Jslae 138 0 Alega X el ¢ (el




0.2%10°°

1.8+ 1075 =
" [HOAC]
[HOAc] = 0.111M

mmol HOAc = Myoac * Vousrer
mmo [ HOAc = 0.111+« 500 = 55.6

mmw!l HOAc (cong = mmol HOAc (buf f ey

V.. =46ni

2. How many mL of 5.0 M acetic acid and how many grams of
sodium acetate (FW = 82 g/mol) and how many grams of
NaNOsz (FW =85 g/mol) are needed to prepare a 500 mL buffer
at pH 5.0, and a salt concentration of 0.1 M and an ionic
strength of 0.15 . ka = 1.8*10-°

& Dl A Gl ey ST Y ¢ dalal sl 385 caad of Aol 8 Lle
tCua ¢ Jslaall 4331 558l Javca

1 2
p=5 G
L5 35l aaat 8 Glealuy NaNO; Jls NaOAC Ul e SIS o alai o agall (e oS0
£S ¢ el bl Y HOAC O Ly ¢ sl i) i SV g Lagd ¢ Jolaall
s Dl Sy ¢ Gl e Tl g <Y
1 , 1 ,
U= Ez C; Z7(NaOAc) +§Z C; Z7 (NaNO3)
1 2 2 1 2 2
0.15= = (Cra+ * 1% + Cone=* 1 )+§(CNa+ % 12 + Cyo; * 12)
:0s

CNa+in NaNO3 = CNO; = CNaNO 3



1 1
015=>(01+17+0.1%1%) + E(ZCNaNO .)

CNaNO 3 = OOSM
MYnano ; = MO Inano , x FW

Mg NanNo 5 = 0.05%*500% 85 = 2125ng

1439 e pH ) Aady ) 35855 of Cua ¢ Allaaad) Ja Jasi ¢ ¥

? 0.1 0
HOAc 5 OAc + H'
?7-x 0.1+x X
_ [H*][0AcT]
" [HOACc]

takiia Jolae 138 Y ¢ Alega X Jliel ¢ gl

0.1%10°°

1.8+ 1075 =
" [HOAC]

[HOAc] = 0.056 M

mml HOAc = MHOAC*Vbuffer
mmwl HOAc = 0.056*500=27.8

mmwl HOAc (conc) = mmol HOAc (buf f ey

5.0V, =278
V., =556ni
(polyprotic acids) g ud) Basmia alaal) Jullaa
S 508 Hy50, J) Gmes (e J5Y) il lae) i (alead Ll paleal) oda

A0 LYY Bl Gua (HpC03) sy Gimns Jstae ) kil (e Niad ¢ (o



H,CO; S H"+ HCO;5 Koy = 4.3*107
HCO; S H' + CO5> K., =4.8*10"
H,O0 S H + OH Ky=1*10™
s Lag ¢ oSl ) Gangyuell Cligl anay lasall G5 Gl aag 4l malsl) o
Al Ay ¢ S e 58T G TV oY) culh o Ll Laadlall (e oK1 o) s
Oo ST OsSs S IRV il Gl dpmes cpag e b3 3 e gsiad ) palaal]
Sl e amgued) lisd e axe o Jpanll Sy il i 1y L3S ¢ Cllil)
el sag e bl o Gl Sl Sl e lgle Jsanll (S ) Gl e ST Y
s el Baaie paleaL Adleiall Jilisall o 34 oo Ui ic dpal) 4l 3

tgsby 438 ¢ Jslaall A HT U 385 o W
[H*]soln = [H*]n2co3 + [H*]nco3™ +[H*]n20

J L.SJL“H [H+]H20 J ij ¢ (e Jstal) Oﬁj ¢ Jage [H+]H20 J) Cj Jeall (Say oS
Ol A pmanll Jsladl) (4 OH e Rafine BaaS 393y Jing Yy ¢ Joladll (3 OH

t ) s odle ] Aalaal)
[H*]soln = [H*]n2c03 + [H*]Hc03"

Sl i) o Jll ey 43ld HyCO3 J) s 3 (nSSanll 4] Aagdl) 45)aay ¢ oY)y
A LS Jage

oo ST 6T ¢330 9000 gy B S e gl aleY) ) e JY1 a1

ro) s ¢ LS B Al

ka1
— =8958
kaZ

Jeani Wils ) &8l 5 HY J) 50 9000 sa e llias WIS Wil Loyl ey 1345
s o Joans Wl adlgl) oY Allall Japas 138 aodallys oSG SN (e aaly HY e

bl LYl aled) Candl ) Skl ¢ S8 el Qlua e JoY) Slal) e 5 ]




aS (e Jrady ¢ S SSal Lads J3¥) Gl e sl Y J) e 50K 20 L2
— e IS O 0 il ¢ S SIS Y ¢ Alin sty IV HT
030 ¢ AY) Sl Jlaa) (Saall Gas ¢ pgall sa L JoY) elall Gl Jally,
tadl U odle] ADkall ()8 Glld el Chgan 2853

bl (i LS ¢ Agasa Al Jall Jasy e s8¢ [H')som = [H'Traco3

¢

Sall Zaad lSSall o sl ¢ Gamg gl Baaie (mlaSl pH J) Glles
O 1Y) dlaga Y

kal
—>100
ka2

1. Find the pH of a 0.1 M H2CO3 (Ka1 = 4.3¥107, kaz = 4.8*%10-11)
solution.

dagll culS oy o S e Ja¥1 oY)l dad Juals alay e 2 Y ¢ Aad) 8

— Cemaued) sl 385 A e oyl oY ¢ Sl il Jlal o Wil 100 e S
SR AG Y - Al e

ke  43%1077

k, a8+1011 88

55 of Gua o B il Jegs Jullg ¢ Dle e ST Al Jaala (8 ¢ Jaillyg
t o) el e JalS dnd (S iy Jlaal) 8 Geng el o

0.1 0 0
H,CO; 5 HCO5 + H'
0.1-x X X
_ [HCOS)[HY]
“T [HC 0]
= X * X
701 —x

DX Al alag 0Sa 0.1 2> x o Gl s paagaillyy




x=2.1*10"
1iloge Aagd ad) 2o will Ukl dad layg

21107

— 0
01 *100% = 0.21%

Ol e
[H*] =2.1*104 M
pH = 3.68

tiad alag) Jslail ¢ Jage (SN dlSall e gl HY ) of (e oSl daié ¢ (Y1

2.1*107* 2.1*10™* 0
HCO; S H' + COF
2.1*10%x 2.1*10 *+x X
b = [HCOT][H™]
T [HC 0]
(21107 +x)*x
4810711 =
i 21104 —x

DX Al dlag) (S 21 % 107 3> x of s ae Ll
x= 48x10"11
1ilage 4lad 4 aa3 B il o) e ol ) Undl) dad Cluas

_ 4.8x 10711

E—W* 100% = verysrral l

10 Al

[CO2] = 48% 107" M = [H*]yc0s

laga T Jailly B GSE) e @l HY O 385 of




2. Find the [H*] of a 0.1 M H3PO4 (ka1 = 1.1*102, kaz = 7.5%108, ka3 =
4.8%10-13)

dagll culS oy o S e Ja¥) oY)l dad Juals alayl e 2 Y ¢ Alad) 8
Osd 385 Aad e Lyl oY ¢ )y B elal) Jlaly s W 100 e S
‘)SJ:\ALS:\Y_Mu\o.\A L_r"_u:‘;i)ﬂ:."é'j\

kogy  1.1%1072

k2—75*10_8=verylarge
a :

Cum ¢ llilly B S Jags Ml ¢ LIS Ale e ST dandl) Juala ol ¢ Jeillys
t ) SEl) (e JelS 4nd (S iy sl 8 Gemgyaedl s 3855 O

0.1 0 0
H;PO, S H' + H,PO4
0.1-x X X

_ [H,P Oy ][H™]
“ [HP 0,]
115102 = —2
' 01 —x

X A alagls Aalaal) s oS ¢ 0.1 > x of b ey

x=0.033
5\33 ‘)4.\54..5 uﬁ‘é_\-u.\j\ Ll Gl

~0.033
0.1

RE *100% = 33%

agles ¢ 0.1 dal) ae Aylially dlege s X Lad ) Cun ¢ oyl Lad )l Laa
PH O Ay Gy sl Al aladind e Y

209 cishlll v ada jiia 3,0 — dgasl) Aldal) plaasst)



(salts of polyprotic acids) ¢pag ugl) sasia walaall CN.J

p AU BaadU o Sy Cmg gl Baasie palaall s ZOW1 ) laill

Polyprotic acid Salts
H2COs3 HCOs3-
CO32

H2C204 HC204
(2042

H3PO4 H2PO4
HPO4?

PO43-

ade Gl Gamouedl hie g5 ¢ s IS Y e st say alll (e
#sll W« HPO,* Jls HoPO,~ Jls HC,0, Jls HCO5™ J) Jis ¢ (protonated
e Lt 2y Cua ¢ (Unprotonated agle (slhyg) Cpagyae @l o gsing DB AY)
S oliY) Gaags PO Ul €047 Jls COY Il i ¢ paen IS 5l 138 (g 2aly

(Jall b dibide diph cpesil) (3 (e g5 OS¢ bl g

Caoigd) e AN Basmial) (alaal) 3l Yyl

O ey 3 ¢ 52l Copeail) (gus Cmgyued) o I ASLYT e gl 138 ALl il
Gl el b dlKam Sl ¢ i L mmgyus e lgilsial ol ¢ (meaS Cajeal
tOH™ aats ¢ (ciama g KU Gmea oY) 468 Qi) 320l

CO;* + H,0 5 HCO; + OH
Ulags Al A8l (e Aglas Canmg ¢ Cigyma e U OfY) cull of SML jaaad) cag
Gyl )

ka * kb = 10_14




Cariio Lagold ¢ Jadd faaly Uyl Luly ol Al dlig <l (laaal (!

e pmals s W) gy J s HCO3™ Jls CO5™ U1 com ey 63 QIEY) el (f alas
pon Il 1agd V) il Gla Al ¢ (Slel Y aladl)

10—14
k., =
"7 kaz

Sl i) sSe o leleay dand JeB ) Lkl 5 ol (8 JeY) e OS Leyy
i el of 1305 Dlel N6l By ) s s o S ¢ (Al ol Binge
'kaZ ediiuj \A@J ¢ 2 ) (Cng-)

AN

1. Find the pH of a 0.1 M Naz2CO3 (ka1 = 4.3*107, kaz = 4.8*¥10-11)
solution.

Cua ¢ Ll 3ol Copeaty Ml ¢ cpagoun f o gsing Y aldl 13 ol 555 LS
fek WS Ol OsS

CO;* + H,0 S HCO; + OH

(o) s cadlua agg e Cagyma e 1Y)l O ) Ui 4 of peall (a9

k
ky=—= 21%10"*
kaZ
:dall dsaa e ¥
0.1 0 0
CO;* + H,0 frd HCO; + OH
0.1-x X X

_ [HCOz][0H"]
T [coF]

X * X
0.1—x

21x107* =

¢ X Gad Gl oS0 0.1>> x of pa e




X=46x10°M

¢ X dad Jlea) (Say Cun ¢ Agie dad gy ¢ 4.6% Jsa 4l an il Uadll Gl
e
[OH"] =4.6%103M
pOH = 2.34,andpH = 11.66

2. Find the [H*] of a 0.1 M NazPOs solution (ka1 = 1.1*102, ka2 =
7.5%10-8, ka3 = 4.8%10-13),

J) o Al 2clE Jslae sag « NasPOy Jslae e Jalam bl alas of 00 Y ¢ dylail) b

Cloa e dlling ¢ cpmgrnn ol o ggind Yy ¢ Al cliadll sasia (a5 PO,

telad) 8 mlall QK& (e yilie IS8 Jladll G cpngpuel sl 585

SER FICE [JUELERE NENSNCIRR PRI

k, = :—W= 2.1%1072

a3
0.1 0 0
PO + H,0 5 HPO,” + OH
0.1-x X X
I X * X
b7 01 —x

DX Al alag 0Sa 0.1 > x o Gl e el

x =0.045
¢ Akl Al Gli addes ¢ (%45 ) 5y Fiad adl and ol Uadl) dad sy
HT O e alagy ¢ Allisal) Jad Lpag il Alabeall aladin) Cangy

Ot o gsiad ) Sasial) alaal) 73]
el ey o (any Lo Jailly sas) Sar 3 ¢ Aals Aagda 4l 20T (e pall 18
A bacliy pmaal Copaly 4l gl « OHT amgy elall go H gl ¢ HY daxd W)
Jie gelad Gaany 13l ¢ Dlid . (@amphoteric) 5235 sale st zylall iwally 5l ¢ 4nds il
Wl 3 HCO5 Ji

HCO;y 5 COs™ + H'




HCO; + H,0 S H,CO; + OH
H,0 S H + OH
H™ J) Jlea) daSall (o Guld ¢ gl (il & sacly (manS Cipay bl of Cang
rol Jsil) (S dgles ¢ el (e gl

[H*]soln = [H*]nco3™ - [OHJuco3™ + [H*]u20
[H*]som = [CO3%] - [H2CO3] + [OH]

sl ¢ Koy I e HaCO3 U1 e aslls « Ky I 00 CO3™ I e sl
teaal Aalaal) lé ¢ ky ) (e OH ) e

ka2[HCO3] [HT][HCO3] &k

S 7725 I S V7T
oy o [HIIHCOT] _ keplHCOS] K,
S 7 I T
. [HCOF])  kap[HCOS] + iy
B T =

(]2 {kal +k[affCO3‘]}

kalkw + kal kaZ [HCO?T]
ka1 + [HCO; ]

[H*]? =

[H+] — kalkw + kal kaZ [HC05’_]
ka1 + [HCO;]

saaiall (mlaal) #OL Alla 8 [HT] J) ded alagY Aabeall o8 aladind cany ¢ adle
ro) Baad o (e ¢ Ol Gans (s aaly Dlle Dady G o (geiad
kalkw < kal kaZ [HCOI%_]

ky < [HCOS]



) ) deas e

[H+] =/ kal kaz
JLS ¢ Rl S5 e G o) L PH ) o o Gim g e s

el )y Sall ua pill (3ia dag pia Lealadiind

Lin cpagouel) Glo gsing ald o) GEay) o b ) Ll 3aadllly uaall ey
Miad -k, Oﬁj‘kﬂmkal&gﬂaﬁ‘ihM\M\opgwﬁuww
A el A o L ¢ sl ae Jeliy ¥ agasall gl o) Cus NaHPO, lal
i [H] O alay Lealasind any ) ADallé aile s « HPO,™

) = [Razkw ke kaalHPO]
kqr + [HPO; ]

Glind SO0 Jaay Lain O] o sty el (81 GELEY) Gy L o] Jiallys
alall Miad ey oS5 ¢ Gllas kyy ol Koy o et Y deasind) ALY Gl ¢ Ll
¢ HY? a bl Bapa o Bl ¢ L) e Jelin Vo asasall sl of Cus NagHY
t [HT] Jolayy lealadin) Cangy ) 480G e

[H*] = kaskw + ka3 kaa[HY 3]
kqs +[HY?7]

AN

1. Find the [H*] for a 0.1 M NaHCOs solution. (ka1 = 4.3%1077, ka2 =
4.8%10-11)

O o mldl s ¢ Gams el danie el Ul G 2O aal g ) 1

P asinl e 2 Y 1Y ¢ Baaly Al dindy

[H+] — kalkw + kal kaZ [HCOI;]
ka1 + [HCO;]




tde Jeand (il

(] = 43%107 10" +43%10"7 x4.8 %1011 % 0.1
B 43%10"7 4+ 0.1
[H] =45%10°M
b leadiind o Ll Lia Jaadall;

[H+] = A/ ka1 Kaz

55 alaaily Allall ais ) dand &1 ¢ damill i e Ulas

2. Find the [H*] for a 10-* M NaHCO3 solution. (ka1 = 4.3*107, kaz =
4.8%10-11)

[H+] — kalkw + kal kaZ [HCOE._]
ka1 + [HCO;]

fsle drans sl

(H] = 43107710714 +43%x107%x4.8*x10"11x10*
B 43%1077 4% 1074
[Ht]=8.0%10°M

bl leasiind o Ll Lia Jaadall;

[H+] =+ ka1 ka2

AhlA Aa Lo llaal

3. Find the pH of a 0.1 M Na;HPO4 solution. (ka1 = 1.1*102, ka2 =
7.5*%108, ka3 = 4.8%¥1013)

Slo ) Gsingg ¢ el aaie st gl (e 2O aal s ) 1
D aladiul ge 2 Y adl 5o il iiady g



tle duans il

[H+] — kazkw + kaz ka3 [HPOE_]
kay + [HPO;™]

(5] = 751078 %1014 +75%108%x48%10"13 0.1
B 7.5%1078 + 0.1

[Ht]=21%10"1°M
i) leasind o Ll L JaadUall;
[H*] = \[kaz ka3
AL dags o llaal

[H*] =1.9%1071° M

Cuagutgl) Badta (alaal) (e d8Loal Aakital) Jullaal)

Jilae jumat Seall (o 4ils ¢ mle o ST Lgd (g pugl) aamie alealy) o ks
¢ el ligl e D e sging dlyysindl) Gamea ¢ e . lgie baie daliic

Ry ¢ Ada le8land) Ko dedaia Jallae 2D Sllia gmud

Acid Conjugate Buffer Range (pka +1)
base
H3PO, H2PO4 H3PO4/ H2POs 0.96 - 2.96
H2PO4 HPO4? H2PO4/ HPO4? 6.1-8.1
HPO42- PO43- HPO42-/ PO43 11.3-13.3

Jmand 8 Aage Lgpe Jamy (pag gl e (meall xle e ST agag of BaaSll e
A pH L Ak Jillas
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1. Find the weight of Na2CO3 (FW = 106 g/mol) and NaHCOz (FW =
82 g/mol) necessary to prepare 500 mL of a buffer solution at pH
10, where the salt concentration is 0.2 M. ka1 = 4.3*107, kaz =
4.8%10-11

&w@;@m‘wMQua&c@sﬂ\@
[H*] =101 M
Saltis CO3%, [CO32]=0.2 M
sall (Sa dley « kyy s HCO;™ and CO5™ (yn ddlall Jiey (o3l ofiay) <l

:dall
[HCO;] 0.2 107
HCO;5 5 CO;> + H
[HCO;]-x 0.2+x 107

(0.2 + x) * (10719)
[HCO;] —x
s S X T Gt ) Ll BaaY) aliie (glae 4 ¢ LD $yn X o (i
(Al 8 3y LS ¢ Ll 10 5ba pH ) oY ¢ Cms el
(0.2) » 10710
[HCOZ]

4810711 =

4810711 =

[HCO3] = 0.42 M

s el Sy aaall alas il Cum Ciglhe g LS glisl) Glea oS 0¥

t o) ass mMmols J) Gldle (e dpall

—— = Molarity * Volume (mL)
FW
mg Na ,C
2¢9% _ 02 + 500
106
mg Na:C03 =10600 mgor 10.6 g
mg NaH C
22 % = 042 x 500

mg NaHCO3 =17083 mgor 17.1g



2. Find the weight of Na;CO3 (FW = 106 g/mol) and NaHCO3 (FW =
82 g/mol) necessary to prepare 500 mL of a buffer solution at pH
10, in which the total concentration of carbonate and bicarbonate
0.2 M. ka1 = 4.3*107, kaz = 4.8*¥10-11

tl LS Lda (S Cun ¢ Lyl 5pile Alle 038 ¢ daga))

[H ] =101°M
[CO32]=0.2-R
[HCO3]=R
sall (Sa dley ¢ kyy s HCO;™ and CO5™ (yn dadlall Jiey (o3 o) <l
tJall
R 0.2-R 10
HCO;y 5 CO;” + H
R 0.2-R 10
o [co3Tx [HY]
27 [HCO;]
0.2 —R) % (10710
4810711 = ( )+ ( )

R

¢ gl chSall Y Al 4 cela WS @Sl e sl &S oadl Laal *

r Al
(02 —R)
048= ——
R
R = == 0.135M = [HCO3]
[CO27] = 0.2 — 0.135= 0.065 M
[HCO3] = 0.135 M
tols¥) eyl (S Leias

i Molarit Vol L
W olarity * Volume (mL)

mgNa:Cos _ 0,065 * 500
106 )



mg Na,CO; = 3445mg 0r3.445¢g

mg NaHCO;
82

= 0.135 * 500

mg NaHCO; = 5535mg or5.535¢g

3. Find the weight of Na;HPO4 (FW = 142 g/mol) and the weight of
NaH2PO4 (FW = 120 g/mol) needed to prepare 200 mL of a buffer
solution at pH 7.0 and has a salt concentration of 0.1M. (Ka1 =
1.1*102, ka2 = 7.5*%10°8, ka3 = 4.8%1013)

sy
H,PO, S HPO,” + H'

Jsan el ags by ¢ ol Alise ) da Zlie & oY) b Ale Gl ¢ Lagad LS

:Jal)
[H,PO,] 107 0.1
H,PO, S H' + HPO/*
[H,PO,] - x 107 0.1+ x

[H*] * [HP O]

k.. =
@z [H,P 0;]

76 10-8 = (1077) % (0.1 + x)
' [HP Oy ] —x

e Cua o [HpP O) | Cles (S Wiy ¢ X A Jla) (S ¢« poally
[H,PO;] = 0.133M

t JUIS V)l oSy ¢ Yy

i Molarit Vol L
W olarity * Volume (mL)

mg Na,HPO,
142

= 0.1 %100

mg Na,CO; = 1420mg orl42g

mg NaH,PO,
120

= 0.133 x 100



mg NaHCO; = 1596 mg or 1.60g

4. How many grams of Na2COz (FW = 106 g/mol) and how many
grams of NaHCOs3 (FW = 84 g/mol) are needed to prepare a 1000
mL buffer at pH 10.0, and having an ionic strength of 0.2. kaz =
4.8*10-11

[CO3™] * [HY]

Kaz = [HCO; |

[CO27] + 10710

48%1071 = -
[HCO3]

[HCO3] = 2.1 % [CO%7]

1 2
p=5 G

L0530 5l aass 8 lealiy Na,CO5 Jls NaHCO3 J) e DS o alad o agall (1o
rol Jsdll oSy AL ¢ g aal) Ay oY) il g S e LagY ¢ Jslaall

1 1
u= 52 C;Z2(NaHC 0;) + 52 C; Z2(Na,CO05)

02 = %(CW * 12 + Cyeor * 17) +%(cNa+ * 1% + Cgpz- * 22)
s
Cna+(fromNaHC G;) = Cyeo;
Cra+(NayC03) = 2Ccoz-
10 Y e Lele Ulean 3 4830 aladialy Lol g ¢ Cppp v 08 ormasnills ¢ adle
[HCO3] = 2.1 * [CO37]
Al g Lels (S0 ABle e Juaa Luld
0.2 = %(2.1 +[CO%7] * 12 + 2.1+ [C0%7] * 1?)

1



e s
[CO%7]=0.0392M
[HCO3] = 2.1 x[CO37]
[HCO3] = 2.1%0.0392=0.0824M
MYnaHco, = MO lNaHC03 * FW
Mg nanco, = 0.0824% 1000+ 82 = 6922mg 0r6.922¢g
MYNa,co, = MM Ina,co, ¥ FW

Mg Na,co, = 0.0392%x 1000+« 106=4155mg or4.155¢g

2o gilly palaal) latlda Jullaa

compuedl osl 0S8 e Fm Y S i 8 AT ) Gaes dila) o ) olai) g
o dn g AT ) o8 Umes Bilia) Ml ¢ gl 8 Galeal) Al Gaey ol
elall 3 Dl 88a el gl sl (mlea¥l ailiad e oY ¢ Camgaed) sl 85
¢ Camall Gaeal) S Ly (gl pasal) Gl ¢ Cisnia JAT ) (g5 Gaes Al W ¢
saaall i ¢ G AT ) s s 3iL) LeBiay « LeChatelier Taw quay

AR Gmas 8 il ¢ (s IS5 ¢ 88 V) Gaeal) SE (e ity )
Cgd (pdan (e Jaglia

1. Find the pH of the solution containing 0.1 M HCI and 0.2 M
HNOs.

) alas
[H+]soln= [H+]HCl + [H+]HN03 + [H+]H20

2S5 5el) 385 sben 4 Dl 4l IS allaa) (S [HH )0 O o pslaall (5o 080
OB ¢ g Ol US o g omela Jslae 88 Bsmse 05K o i Y g ¢
:QEQ “ . ;”x\




[H* lsotn=[H Tuci+ [H Jano,
[H s n=0.1+02=03M

pH = 0.52
Crdguigd) daia 3 @Jhi i gaang 58 paes (e hglia

2. Find the pH of the solution containing 0.1 M HCl and 0.2 M
HOACc (ka = 1.8*10-).

) plas
[H lsotn=[H Tuci+ [H Tnoac + [H 1,0
¢ amS5yuell 385 gl 4 Dl ash S Alea) oS [HH] 0 O o aslaall e
ey L onala Jslae 355 lgase 05 o ding ¥ (53
[H lsotn=[H luci+ [H lnoac

OV ¢ lagran & e ¢ aa e pmea S e @l HY U Glas (e 53a0 o 00 Y Liag
3sas o3 Bsale IS eSSE Jiy dagall alaa¥) oS3 ¢ Ayl alead Ll yaa @l
rJAl Sa Al ¢ lgie (Y] Galeal) (e Bpdine S

[H+]soln: 0.1+ [H+]H0Ac
Y e [HF Jgoae Slea e ¢ OY5

0.2 0 0.1
HOAc s OAC + H'
0.2-x X 0.1+x
_ [HT][0Ac™]
¢~ [HOACc]

(0.1 +x)*x

18+ 10°5 =
i 02 —x

x=36%10"°



Al O ) Uadlly ¢ Aagmaa Al o ol Yy
[H*]so1n=01+3.6x10">=0.1M
pH =1

O O Rugune 1S sl Ly ¥ Llee” 4l A5 ¢ 4888 J5 HOAC U s of 6

3. Find the pH of the solution containing 0.1 M HCI and 0.1 M
H2CO03 (ka1 = 4.3*107, ka2 = 4.8*10-11).

[H+]soln: [H+]HCZ + [H+]H2603
[H+]soln: 0.1+ [H+]H2603

Y s ¢ Sl S5 gsb 4 hlas At S alla) oSa [HH] g0 O of SS
saeal) (e Ladal) HY ) 4 alail ¢ (81 pmals Jolae 8 5jh lagase 05y o) Jing
tOY) 0 Aand ehal lad) 8 Lo (g ael) daate

kay  43%1077

kep  4Bx10L 00°8

O G ¢ Sl el Jags Julls ¢ L0 Al (e ST Al Juals (8 ¢ Jaillyg
el st Ml ¢ V) el (e JolS 4ns IS iy Jsladll 3 amssuell s 385

) dsas
0.1 0 0.1
H,CO; 5 HCO5 + H'
0.1-x X 0.1+x
L HCo[H]
“ [HC 0]
x*(0.1+x)
43%1077 =
* 0.1 —x

DX Al alag 0Sa 0.1 > x o Gl e el




x=43x10"7
1iloge Aagd ad) 2o will Ukl dad lnyg

431077

01 *100% =verysmul l

[H*]s0in=01+43%x10"7=01M
pH =1
.*n“ . ,* . C’Ahj&d

SV okl ¢ ) Gmeall G e laf (OS] ol culs A sdl) 81 aeall
il dhey)

4. Find the pH of the solution containing 0.1 M HOAc (k. = 1.8*10-
5) and 0.1 M H2CO3 (ka1 = 4.3*107, ka2 = 4.8%10-11).

[H lso1n=[H noac + [H ]n,co,

LY 6f Aijre Jsladl agles ¢ cumeal) (e Y HY U ded e (il (S Y

.55
HOAc S H' + OAC k,=1.8*10"
H,CO; S H" + HCOy ko = 4.3%107
HCO; S H' + CO5™ koo = 4.8%10™

Jagestt Mallyg o) (of o) 4nlSa) Adyaad Cpmgyigll daxie Gmendly caal) Laily aiall (e
POV G R ea) Alad) 3 Lle Lag ¢ Al

kg 43%1077

k, aBr10 11 578

Lde ¢ QLI iy Jally ¢ Jage elig I meal G SISl o) alas dendll Joals (1o
Aaaal ) Jlea) oSy Cumy AV (e LS aaf Ladaal (S 1) L ddje

224 cishlll v ada jiia 3,0 — dgasl) Aldal) plaasst)



HOAc S H' + OAC k,=1.8*10"

H,CO; S H* + HCO5 k,, = 4.3%107
R 43l Ble (e ST Al el 1M ¢ JAYI e 8T Y1l dandy Gl Jaii
s JAY) il gd oY) Jleal

ko 18%107

= =42
kg, 43%1077

s o mealdll e S Jalaall A H Uzl 8 olS)ly Ll say UIEY1 o
o3 of KA o a)l (&1 LH,C05 U (g 830 42 o 81 81 e HY daxy HOAC J)
Leiy ¢ songl Jolaa (A Guameall e 2aly IS S 1Y) L dlls & & Gl o 4l
Aldl Ja WiSay 4l Jsil) e Yoy Al ¢ AV i e afiy 588 i Legelaial xie

i e Giai o) 0Sa @ (e ¢ Apea] JBY) SSED oLl Jad) Jilas isen ¢

[H+]sol n= [H+]H0Ac

:OY) Ge [H ] oae s bile ¢ Y1y

0.1 0 0
HOAc = OAc + H'
0.1-x X X
_ [HT][0Ac™]
" [HOACc]
1.8%107° = i
' T 01—x
0.1 x o G e ¢ Ly
x=13%10"3

[H+]H0AC == 13 * 10_3M




13 e Dl flamia Hy,CO5 J) <l ol W)l oS Ja ¢80 ¢ Qi el Uaallg
e 1.3%1073M a5a5 A HyCO3 U e daslill HY ) A alay) Jslas ¢ Jlsad
:HOAC JI (3o dealdll H*

0.1 0 1.3*10°
H,CO; 5 HCO;y + H'
0.1-x X 1.3%103+x

_ [HCOs][HT]
“ [HC04]
x* (131073 4+ x
43%x1077 = ( )
0.1—x

X Al alay) S 1.3 % 1073 3> X o G amy sl
x=33%10"°
1iloge Aagd ad) 2o will Ukl Gad layg

33%107°

= — 0
E=Tortom* 100% = 2.5%

[H+]soln: [H+]H0Ac =13%1073M

Juala o e a2l « HOAC J) a5as 3 HY Ozl Ule elyliy Y H,C 05 J) o
I ale J<G Bl e JiT G ¢ 42 a0l dend
5. Find the pH of the solution containing 0.1 M H3POs (Ka1 =

1.1*102, kaz = 7.5%108, kaz = 4.8%10-13) and 0.1 M H2CO03 (ka1 =
4.3*107, kaz = 4.8%10-11),

[H lsotn=[H 1u,po, + [H" n,co,

LY of Aijre Jsladl adles ¢ cumeal) (e Y HY U ded e (il (S Y

.nga\
H3PO, S H' + H,PO, kap = 1.1*107

H,PO, 5 H' + HPO,* k,, = 7.5%10®




HPO,” S H' + PO, k.s = 4.8%10"
H,CO; S H' + HCO3 ko1 = 4.3*¥107
HCO; S H' + COy™ koo = 4.8%10™"
O 1 Sl dad eha) Adad) 8 Wle Uay o Aliall Japegty el Wiy ) (50
JE-VEN
tH3PO, I aes () il

ker 1.1%1072
k,, 7.5%10°8

=veryl ar ge

ISV uy ¢ Calllly B SSall Jags clliyg ¢ agall 58 H3PO, J JsY) elsall of
:Jasd
H3PO, S H' + H,PO, ko = 1.1*¥107

:H,CO3 J) aen ) 4l

ko 43%1077

k., agri0i1 08

Y OB iy Sl ¢ Jage i Sl pameal SEI ESal G aled dasdl) Juala (g
O S aal Laasal (S 1Y L Adpee Ldes ¢ QU Ll maal (V15 L aaad) 138 (g
Agaal JBY) Jlea) (Ka Cuny AY)

HsPO, S H' + H,PO, k, =1.1%107
H,CO; S H* + HCO; k,, = 4.3%107

R 43ld Ble (e ST daal) il 1M ¢ JYI e s Y1l dandy Gl Jaidi
Y1 i) 3 oY) Jlaa)

ko1 (HsPO,)  1.1%1072
ko, (H,CO) 4.3%1077

=veryl arge




Jstad) & HT U ary 2 ) Lled s ¢« H3P Oy ) imead V) il (f ol
[H+]soln: [H+]H3PO4

PO (e [H-I-]H3Po4 Claa bde « Yy

0.1 0 0
H,PO, 5 H* + H,PO,
0.1-x X X

_ [H,P Oy ][H]
o [H3P 0,]
11%102 = 2
' 01 —x

X Aad dlagls Alaall s (S ¢ 0.1 > x of pash e
x =0.033
5\33 )4.\54..1‘ Oy ‘é_.u..d\ Ll T

_0.033

RE *100% = 33%

ey ¢ 0.1 dagl) ao 43aall dlega Casl X Lad ) Cun ¢ Al U ) i Laa
PH O alay el Aslaall plasind (e 3 Y

slebe g aalally oS8 ¢ (mlaal) Lallie Jie lgilobee i ¢ aclsall Lagllae lla 8 W

Ka oo Yk pladinl
1 Jla

6. Find the pH of the solution containing 0.1 M NazPOs (ka1 =
1.1*102, kaz = 7.5%10°8, kaz = 4.8*%10-13) and 0.1 M Na2CO03 (ka1 =
4.3*107, Kaz = 4.8%¥10-11),

[OH_]soln: [OH_]POZ’_ + [OH_]Cof_

CTHT] O 585 e 4 bl ash Uy allaa) (S [OH )0 J of astaall (e
& sasasall LI ) land (Vg L sael Jslae s lasage (s o) Jing Y (53

(ks el 1ae) Jslaal



CO;” + H,0 5 OH + HCO;' ko = 2.1%¥10™
k
k= —= 21%10"2

kg2
PO,>+H,05 OH+ HPO,* kp = 2.1%¥107°
k
ky=—= 21%10"2
kg3

JSI o) Sl dad eha) Adad) 8 Wle Uay o Aluall Japetiy sl Wiy pid) (50
tlagie

kb,phosphate _ 2.1%107?
kb,car bonate 2.1 %104

=100
Sle 5ye Ailey clig ) Lgdant il & (e HSTOH U e 43S Jlaxd PO, (f
t i il agmy B iy Sl e Ul 2 g el Jlay S L sag o J8Y)
PO, + H,0 S OH '+ HPO,” ko = 2.1%107

0.1 0 0
PO + H,0 5 HPO,” + OH
0.1-x X X

I X * X
b7 01 —x

P X Al alagl 0Sa 0.1 2> x o Gl s paagaillyy

x =0.045
¢ Akl Al Gl ades ¢ (%45 ) 5y Tied 4l and il Uadl) G Qluans
OSar @l s . HT O Aad alagls ¢ Al Jad Al Alsledl) sl Gangy
to ) A il Al (e Jgaaasll

x = 0.0365

138wkl SOH U (o Ausune S (o axs ¥ cliggySU o aSB (Ko b ¢ (<0
e s Jslae 3y (8 QLS e U anS g nell LS Glua Bpb (o (Saa
Clbugdll g il aS g el 585




:dad) Jsan
0.1 0 0.0365
CO;* + H,0 frd HCO;y + OH
0.1-x X 0.0365 + x

_ [HCO;][OH‘]
T [coz]

x *(0.0365+ x)
0.1—x

2.1%107% =
¢ X dad clua (S 0.0365 >> x o L e
x= 58%10"*
?ailly Alage el 038 Ja () i<l e i) OH Ul e s

:cé__mﬂ\ Lall G

_ 58+%107*

S 0 = 0
0.0365 *100% = 0.18%

ady ¢ S A Y @l e @l OH U1 385 Jlaa) oo gl tadldl o) aalsll 4

Jadh lingdl) IS8 (e il Jolaall 3 OH J) Jlie) oSey Jailly




Lma pH dic ddaal) (aleal) sfial

S HCOs ) il e oSa Miad ¢ el ) eld) b Aigeual) aleaY) oian
PH J e ehal) ol 48 Caiging ¢ (H,C05) lSay ol oAl paeal) ) dila) CO5™
J b e 3355 HyCO5 JI daS gl pH J) il LS il goadl e s ¢ Jslaall
dad (g Saall (g cpH J) 3o Ledie lagmaa (35S (eSall Wi « CO5% Jls HCOS
tsb LS e hal) el
1Sy al 53 g3ad)

[H,C 0]
Ch,co,

dy =

r(Banly Adlu Lia dllay 5f) aaly Gaagsd ol A8 G4 g5ad)

[HC G5 ]

a, = —
Ch,co,

(il Cpiind Jang ) Caagubgd) e il 288 o) 5l

[CO57]
Ch,co,

0(2=

:0sS5 G« HyC Oy J) Giansd (580 ehal g
a0+ al‘l'az = 1

sda e dgasall (maall e edall 2S5 Ry oSa ald o J) Aad Lale 1Y) ¢ oY
Oy ABle Gl Uses ¢ @l Jealy cmeall S 5S5) dagleay L ¢ 3)suall
a0 J) ad luad Lealasiinl

:lua « H,C O J) Gaead @y Jaail

Cyco, = [H,C O] + [HC O3] + [CO57]




JS disads ¢« [HpC 5] O sladind aead) (e atli ¢ @rg J) oload d8le oLy i Lia)f 130
A DY e Jgeand) (Y] Culs o) (e ail Cam ¢ 48 AN £ 5aY)

L _ [HCO[H]
[0
L LCoTH]
¢ HCO]
ks wk,, = LHCOIH] [COSTNIH]

[H,C 05] [HC O]
tle Juanil ¢ odlef Wl (w [HC O3] 5 [CO27] O e sansaill (Y1 oRay

Ka1[H2C O3] | kgq * kgp[H,C 05]
Ch,co, = [HC 03] + 1[H2+] + = [HZJ,]ZZ

kyo kg %k,
Cu,co, = [HyC O] (1 + [Hj] + [}#]2 2)

[H*]? + ka1 [H'] + karka,
CH2603 = [H,C 03] ( [HH]2 >

e

Ch,co, _ ([H+]2 + ko [HT] + kalka2>
[H,C 0s] [H*]?

ey alially Lol Javel Ll

[H,C 0] [H*]?

Ch,co, [H*]? + kg1 [H*] + ka1 kg
:L'j (_gi

B [H+]2
T TH 2 + kot [HY] + Kk

: ) e Jeans Lilh ¢ @y Jls @y J) bl Ble slay) Gyl Gudiy UWgla Sl



ko1 [H']
[H+]2 + kal [H+] + kalkaz

a1=

kalkaz
[H*]? + ka1 [H*] + karkaz

a’2:

dangi sn Janadly ¢ aglen ahad) oiall it il Y ¢ dudi ga Ly Alaall GF U e
3 o) gally ¢ IS8yl gl e Jall (gging Y ¢ @Sa A1 M) galls ¢ gl dagal
aaly QS8 Culi o Jawal) (gging ¢ Banly Allu Rind Jeay aals ¢ aaly cpag e o

N3y ¢ el Glig) Ge paeall 8 S8 L ) ALYl (sY))

3 Ajre D ¢ gaea oY ehall Aed aSad ) AL LS (S gl (e Gl
sty ¢ O Glisd 3 e gy H3PO, J) paes Didd ¢ 4 Gungpael) i
thypeall o Dysd aliad) LUS (Key Eum ¢ aliall ol 2 DU il

denom nator= [HY]® + kg [HY?+ kg1 koo [HT] + kgikgzkys
iad ¢ gjall g s e Caigid ¢ Tl L

J l) dadl (e J¥1 aall sa Jandlé ¢ (H3PO, 8ysm Ao & ) iy o) 3 g3al
!([H+]3

[H*]?
[H+]3 + kal [H+]2+ kalkaz [H+] + kalkazka3

Ao =
) Pl o (G aad) a Jadllé ¢ (HPO, ) sasls b diad Jaay 53 eia) Ul
(ka1 [H']* J)

kot [H*]?
[H+]3 + kal[H+]2+ kalkaz [H+] + kalkazka3

al ==
J l) il (e BN aal) sa Jandls ¢ (HPO,” Jl) ol cpfiins Jasy 53 g3alls
‘( kaikqa[H']

kalkaz [H+]
[H+]3 + kal [H+]2+ kalkaz [H+] + kalkazka3

a2=




) alid) (o 5aY) aall g8 Lads « (PO, ) Al chlind 3 Jasy 531 63l Tyl
’( ka1kazkas J

kalkazka3
[H+]3 + kal [H+]2+ kalkaz [H+] + kalkazka3

a’3=

O [HT] O 5 hid Ay o ehal) ol ded of Lol clad) @l (e Bl (ga
comaall ehal e e3a S dad Glua (Sa [HF] Gad 3dyeass pH

8|9

Calculate the concentration of all H2C204 (Ka1 = 6.5%102, kaz =
6.1*10-°) species in a 0.1 M H2C204 solution at pH 3.

oy lgae Jaleits Llh Na,Cy0, Laie (IS gl il BaaY) (aaall & Cpmgpad) il
Akl ¢l elldy ¢ (H,C,04, ) Aal) praaall <G ) Lgnayig ALl
[H*]?

[H+]2 + kal [H+] + kalkaz

a0=

: e g2l
a, = (107" =0.014
07 (103)2+65%102% 103+ 65+ 1072 % 6.1 x 105
_ [H2G504]
o=
H,C,0
0.014= %

[H,C,0,] = 1.4%1073 M

Pbua (Say dipall Gl



6.5*%107%2 %1073

N T 103)2 +65+102+102 + 65+ 102 % 6.1+ 10-5 0.93
_ [HG,04]
afl e ———
CHZCZO4
[HC,0,]
093 = —= —-
0.1
[HC,0,] =0.093M
6.5% 1072 %6.1% 107>
“2 = [o- = —0.06
(10732 +65%10 2102 + 65102 » 6.1 » 105
o _G0F]
: CHzC204
[C,057]
0.06 =
0.1

[C,037]=6%10"3 M
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_[HT]In7]
in = [HIn]

A A ) S sl (S ¢ Liag

[H+] = kln

H=pk +10g]
pa=pKmy O‘g[HTn]

Hlgie S Gaay aclsilly (mlaalyl Cilyles 8 Aeadiusal) Call &Il (ian,y

Indicator pH Range Acid Color | Base Color
Thymol blue 1.2-2.8 Red yellow
2,4-Dinitrophenol 2.4-4 Colorless Yellow
Methyl yellow 2.9-4 Red Yellow
Methyl orange 3.1-44 Red Orange
Bromophenol blue 3.0-4.6 Yellow4.6 Blue
Methyl red 4.4-6.2 Red Yellow
Phenol red 6.4-8.0 Yellow red
Thymol blue 8.0-9.6 Yellow Blue
Phenolphthalein 8.0-10.0 Colorless Red
Alizatin yellow 10.0-12.0 Yellow Lilac
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1 0sSs Ladie Bpe (arsailly (V15 LAY 55 Ol spde Laaal 385 €13

[[n”] > 10[HIn]
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[HIn] > 10[In™]
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H=pk +1ogi)
pha=pKmy O‘g[HTn]
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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

oo i1 G Lol st WY G0 dawe s ¢ Aibeal LES aay Alad)
delall yiai & ey ¢ Jelite J€ (358 45Y) mMMoOIS J) axe (iS5 laaeyy ¢ cDle il
amy 3Ll Jad 40y sale 8 (e adil) Can dgles ¢ bplad) Do @ a8 Ll

rde @l am ¢ hia oiald) sl (e i) & of Gy o Jelal)

OH™ ) ¢ 5 mL ZéLa) ic :Ysf

mmols before addition 2 0.5

Quantitative reaction H' + OH - H,0
mmols after addition 1.5 0
Final Concentration 1.5/25

dras Laa ¢ cpaaungd sl e e Las o gsiag ) Jolaall of gdalgll (i
ldaaa J glaal)

[H+]= mmol

_ 15 _
totalmL ~ 25— 0.06 M

adl o o plall S (a2l Cagobgd) Gl Aad Jlaa) o Adl SML paal) gy
P g bl S8 (g glew




[H+]water = [OH-]soln = 1.67*10-13 M

Cmaied) Ol e BN O Gy el Liadl aaliis o S5 15 Yy Alage LS a5
Sl oWl K& Jaay Lae ¢ iidia sl 58 Cpasied) sl of Cun ¢ ol Sl L
V3 e clysilly (mleall e Jla Lils o2ay dlege duaS ail o ¢ i€ O Sal Tan
(sLal) S8 o sl g pued) Ol S5 (sl s3) Sy nel) S5 0sS of Jin
355 s V) Conuel gal 385 0 of i Y LS ¢ pimen Jslae b 1S

(e ld Jolaa 3 1S (oLl S8 (pa a3l 305 yuell

: OH™ J) ¢ 20 ML 4éla) sic Ll

mmols before addition 2 2
Quantitative reaction H + OH - H,0
mmols after addition 0 0

adas o Adaill oda o ey 13y ¢ ac il o Gmeall (e ol i Al 4l la aalgl)
o3 4 auSynelly Cpag el Gl aadll juadl s eldl g galil) o<1 sl
tonnguel) Ol 1S5 e Jpeanll oLl off) pasting adde s ¢ Al

H,05 H' + OH

10-14 = [H*][OH]

Y ¢ wSnel opl S Lslas comgsned) 0sf 385 058 K A v o8
Crapedl cligh e slade 22 ) pndly elall G dieg ¢ slall s ) Laayras

F S g Hyhell
10-14 = [H*]?
[H] =107 M

: OH™ ) e 30 ML déla) aic Gl

mmols before addition 2 3

Quantitative reaction H' + OH - H,0
mmols after addition 0 1
Final Concentration 1/50




caals ¢ el Gl JS ae el Ailadl auS g Hnel) 4S o W maaldll
dasdy 0uS el sl S5 Clua Sars -dslaall (8 Syl Gal (e 30l Ll

1 slall ‘é_iL@_ﬂ\ e;aj\ e 4 mmols J sae

- mmol _ 1 _
loH ]_totalmL T 0.02M

B e ¢ Gangsuell Osl S5 Clua (Sa Vs
10-14 = [H+][OH]
10-4 = [H*] * 0.02

1 0—14

+1 — _ ~13
[HT] = 0.02—5*10 M

Jelill dagn oY Aaluy @lldy ¢ Jelal) Aoy 2igh o) il Al oda 3 Lo ealsl) (50
bl LS 2y ol ) QS il it b aosiall Cudd) g g3 ¢ el
Oe Al LY Lgllaa) S 50l Lad sa5 NaCl ld) o AT sl llia o (Alsladl)
sl A L) e deliy ¥ AU gl OV (aVls ¢ Ay sacliy g e Jelis
Copn Gaes 58 asmseall ol o8 S ¢ Taa A Gl oy (gl manl Al
) Al et €y Y ULy ¢ el pe Jeliny Y Gl sag ¢ Ayl sac ] G laa
ol Ll OIS o) el dSE e w2 puells G uell Clisd 2 o
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Find the [H*] of a 20 mL solution of 0.1 M NH3 (K, = 1.8*%10-%) after
addition of 0, 5, 20, and 30 mL of 0.1 M HCI.

Gihal O ¢ Gangngl) sl @il Gaeal)l e e ua ¢ Aalaall AL Dy o
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HCI ¢ 0 mL ZéLa) ic :Yf

mmols before addition 2 0 0
Quantitative reaction NH; + H' > NH,"
mmols after addition 2 0 0
Final Concentration 2/20

@S s oY) sl « HCI f dilal Ji 0.1 M NH; e giny Jolaall ok
¢ 58l Lisa) Jslaal HY J) da cans

sl 3 ol of ) dalay oo o Jslad) 100 HY U1 585 Glead 4l Tise Lalas
bl Sl e Al sald) (588 Cuny YY) aadi Lesale ¢ Ligayl e daady

0.1 0 0
NH; + H,0 s NH, + OH"
0.1-x X X

Ko = [NH,"1[OH]/[NH;]
X*X

0.1—x

1.8%107 5=

¢ X Aad e Jeans Abbed) Jas ¢ 0.15>5% o (i Allid) Ja il ¢ 30llIS
ol LS llig ¢ Lincaydl antl) Tadl) Gl (55 peall as ¢« X = 1.34%107 cam

103
Relative error = % *100% = 1.34%

Ol bl ¢ dagmia 0.1>>>X o Wi 8 %5 (e Ji i) Uadll o) Ley ¢ adle
t¢ua ¢« X = [OH]

[OH] = 1.34*103 M
silabeal) (e [H*] J) G o oY) (Sadll (e
10-14 = [H*][OH']

10-14 = [H+] * 1.34*10-3
[H*] = 7.5%10-12 M
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1. Find the [H*] of a 0.1 M NH3 (kp = 1.8*%10-%) solution.
2. Find the [H*] of a 20 mL solution of 0.2 M NH4CI (k, = 1.8*10-3)
mixed with equal volume of 0.2 M NaOH.

HCI ;e mL 5 L) aie : Ll

mmols before addition 2 0.5 0
Quantitative reaction NH; + H' - NH,"
mmols after addition 1.5 0 0.5
Final Concentration 1.5/25 0.5/25

¢ NHS O e 5l 38 0585 3 Gan HOI Q) (e 89S L) ) malll (30
Aad cnt GBS ) G Gl e 5] g ¢ i Jolae Ll 050 UL,
¢ NH; and NH" 01 0o lada o gging (3 Jsladd) 8 Gangsnell ol S5
t e ¢ Algal) G paay )il L;T o Jand) llaig ¢ ddass LY

1.5/25 0.5/25 0

NH, + H,0 NH, + OH
(1.5/25)-x (0.5/25)+x X

i

X Ao b ol 48la) (50 Ay peendl) S Aasinly 3yile Gapgeil) Lol (el (ay
(NH,') diad) ool asmg b S Ji SISl S ¢ ysina Sl Y1 el oY

N ((g;g)ﬂ)*x

15
25 X

sl Juan Adalaad) Jags ¢ ((%) >> x) of s ¢ ¥l
x=54%10"°
:Ql}‘\,’\.\c\gc%ﬂ\whf\d@%ﬁid@iwﬂ\&ﬂ\g@»j

X = [OH] = 5.4%105 M
[H*] = 1.9%¥10-10 M
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0.1 ;20 mL ) HCI ¥ee 0.1 (e 5 mL a8ls) e ;30 buffer JI Jslaal

Hleias ¢ (gAY dilial) e dae ) dlea) ¢ LiseY) e SYse

1. Find the [H*] of a buffer solution having (1.5/25) M NH3 (ky =
1.8*10-5) and (0.5/25) M NH4CI.

2. Find the [H*] of a 10 mL solution of (1/25) M NH4Cl mixed
with equal volume of (3/25) M NH3z (k, = 1.8*¥10-5).

HCI e mL 20 diLa) aie B

mmols before addition 2 2 0
Quantitative reaction NH,; + H' - NH,
mmols after addition 0 0 2
Final Concentration 2/40

Gy ol ALyl @l days « NH; ) 4 Ll Jala HOI U1 28 dils) o eacalsl) (50
O¥ls ¢ NHL™ 1) LS Liga¥) clsas a8y ¢ (5810 3dais) NH3 J) STHT J) e S
LYl INH U Jolaad sngsned s 5585 o oSa S 1) ) Jsay

Hledanads ¢ Balll el ) Aslaa o Jpeanl) allatis ¢ dasy

2/40 0 0
NH," 5 NH, + H'
(2/40)-x X X
X * X
k, = > :
40

Py | LXK ka :\.A:é J\a_!ﬁ;\ L;)j‘)...an e u:).”‘g

ko ="2=10"1*/18%10"° = 5.6+ 1071
b
tle dians Aalaall oo« ((42—0) > x) O s ¢
x= 53%10"°

told adde s ¢ Al yn Lee ¢ lan s 4 and suail) Uadlll Ciluay

x=[H*]=53%10°M




el Al ded e Led oy ALIS Alis Llas 818 Aleadl e o) 1aag

tJie ¢ @AY Bluall e 220 3 Jolad]

1. Find the pH of the solution resulting from mixing equal
volumes of 0.1 M NHj3 (kp = 1.8%10-5) and 0.1 M HCl.

2. Find the pH of the solution resulting from mixing equal
volumes of 0.1 M NH4Cl (kp = 1.8*%10->) and water.

HCI 5 mL 30 4bla) sic :lay)

mmols before addition 2 3 0
Quantitative reaction NH, + H' > NH,"
mmols after addition 0 1 2
Final Concentration 0 1/50 2/50

@S@&,ﬁﬁe&iﬁhzg\éﬁmjc NH; J) 4SSl HCI d\:\:\ASOi@.a\}MC)A
O¥s ¢« NH,™ ) LS Liga) il 85 ¢ HY U1 e 334 ia el 85 NH3 U1
Js H' O e Jadall Jsladd cpmgpned) sl 585 Gloa oS0 @S 1) dlsad) Joay

tadaly ¢ sl B ey 31 sl e Jpanl) Ly ¢ Aases sy € NH,'

0.04 0 0.02
NH, 5 NH; + H'
0.04-x X 0.02+x

(0.02+x) *x
a 0.04—x

DL G @l ¢ Gl sl i LS ¢ K, G sl gyl e (Y

k, == 10"14/1.8%1075 = 5.6 « 10710
kp

tele Jaand Aaladl Jagg ¢ (0.02 > x) o (g ¢
x= 1.12%107°
told adde s ¢ Azl yn Lee ¢ lan e 4 ani aeail) Uadlll Cilusys

[HT] =0.02+1.12%10° = 0.02M
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1. Find the pH of the solution resulting from mixing 10 mL of 0.08
M NH4Cl with equal volume of 0.04 M HCI

L) e 58T oiad dalie Ll 3) ¢ Al Jilall Ja e Dol o6& of sy WS
5Ll A glaal

1. Find the pH of a 0.1 M HOACc solution (ka = 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 HCL

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 HCL.

5. Find the pH of a 10 mL solution of 0.1 M NaCN (ki = 1*10-10) after
addition of 10 mL of 0.1 M NaOH.

Gt G oe S o gging diad Gaes Bplaad Allua e BRI oY
1Aggh Bac B aa ¢ (gl dmia)

Find [H*] of a 20 mL of 0.1 M H2CO3 (Ka1 = 4.3*107, kaz = 4.8%10-11)
after addition of 0, 5, 20, 25, 40, and 50 mL of 0.1 M NaOH solution.

0 mL of NaOH 4Lz xic :Y

Oo paa gl Aln) Jd Lis HyCO5  Jslae g Jalais Wl alas of oy W ¢ Ayladl b
@il gly ¢ S e I Yl ded Juals sl e 3 Y @ ey ¢ sacldl
Ol S5 Aad ool oY ¢ B da) Jlal asi Wl 100 e ST Asl)
¢ Ale o LSl Al Juala Gli ¢ Juallys oS3 oS Y - Al da 8 — Cung gl
and IS5 iy Jolaall 8 cuaguel) sl 5S35 o) Gam o SBI) Gl Jags Judlg

tJgY) el e JalS

Ka1/ kaz >>> 100



0.1 0 0
H,CO, 5 HCO; + H'
0.1-x X X
p X * X
a7 01—«

P e alagl (S 0.1 > x o) G axg sl
x = 2.1%104
ol 4o ¢ Alega fad AT a1 el Lkl Aad sy
[H+] = 2.1*10+4 M
el sl 385 Claa L) ALIS Dle IS8 o (Sad) e Al ool 13a

o o Al sac Aelpa Sadl Gas ¢ Gangugl) 2xie (mea s ¢ HyCO3 Jsladl

: e ¢ Lalas Jal)

3. Find the pH of a 0.1 M H2CO3 (Ka1 = 4.3*107, kaz = 4.8%10-11)
solution.

4. Find the pH of the solution resulting from mixing 10 mL of 0.2
M NazCOs3 solution with 20 mL of 0.2 M HCI.

5 mL of NaOH L&) xie ;Lil

mmols before addition 2 0.5 0

Quantitative reaction H,CO; + OH > HCO; + H,0
mmols after addition 1.5 0 0.5
Final Concentration 1.5/25 0 0.5/25

:opal o) oli) e 3 Y golally
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1.5/25 0.5/25 0
H,CO; 5 HCO; + H
1.5/25 - x 0.5/25 + x X
((E) +x) *x
oo = 25
al — 15
(55) —x

tsl) sasl (S ¢ % »> x o) sk e
X =129+10°M
tol sl ¢ Alaga Al an il Undll iy
[H*] = 1.29*10-¢ M
Oenuell sl 55 Glua a0 AL Al I8 o (Seall e Al e e5a) 10

sac delua (Seall e Lady ¢ 20 mL of H,CO5 ) 5 mL of NaOH  dal) aie

1. Find the pH of the solution formed when a (3/25) M H2CO3
solution is mixed with equal volume of (1/25) M NaHCOs3
solution.

2. Find the pH of the solution resulting from mixing 35 mL of 0.1
M HCl with 20 mL of 0.1 M NazCO:s.

20 mL of NaOH L) xie Gl

mmols before addition 2 2 0

Quantitative reaction H,CO; + OH =~ HCO5 + H,0
mmols after addition 0 0 2
Final Concentration 0 0 2/40

OsSs Aaiilly ¢ (A9 sl Al N S SaclEl) ae Jeliy (meald) o sl (e
e s el 2 paeal mle Jlae sa5 ¢ Lid HCO; e (giny Jolaa
o s 1360 el sl S5 Aad Clua oSy Baals Al Aisdis gy
Asall o sl 130 o Cam ¢ dsall sl 13gd ABlEE S5 A ¢l alasiuly Jilal




& e ) NS G @Bl g ¢ BaclE ol (meaS oy o (Sar dua ¢ 3
:Jsladll

[H+] — kalkw + ka1k2 [HCO 5]
ka1 + [HCO ;]

[H*] = 45%10°M

Cnsoted) Osd 385 lua 4 ALIS Alie I8 o oSadl o ALl (e eial) 12ag

ik 4y ¢ 20 mL of 0.1 M H,CO5 Y 20 mL of 0.1 M NaOH = dile) e

Jall U8 Cuny ¢ Wit lua (S Jilee s2e llia Lagfy « A0lid) oda 3 1Y) sl
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1. Find the pH of a 0.05 M NaHCO3 (ka1 = 4.3*10-7, ka2 = 4.8%10-11)
solution.

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

25 mL of NaOH 4iLa) xic ;GG

mmols before addition 2 2.5 0
Quantitative reaction H,CO; + OH - HCO; + H,0
mmols after addition 0 0.5 2

¢ H)CO;3 sypall o maall gy Ja Gaeall o Jelin sl o malsll (g
ees o s s ¢ OH™ U1 e 53l a5 ae HCO3™ e (giny Jslaa )58 2agilly
ade s (aen) cmngrue o geiad Y HCO;y ) ae deliy (32018) anSs jngd)

ol LS el ¢ Lala) LS Sle s llia 8

mmols before addition 2 0.5 0

Quantitative reaction HCO; + OH - CO32' + H,0
mmols after addition 1.5 0 0.5
Final Concentration 1.5/45 0 0.5/45

o ssiny slae 0585 Aagills ¢ 3e @) pe Jeliy HCOy U1 iy of el (s
Gad Clas (Sad) oy Al 4iaelis (mes (g0 aliie Jslas a5 « HCO37/CO5™
Gialed) DS e (sging G o GBI Y e Al o3 anguell gsd S5
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1.5/45 0.5/45 0
HCO;5 5 CO> + H
1.5/45 - x 0.5/45 + x X

((%) +x) *x
G -

kop =

X =144x10"1M

[H*] = 144+107'"M

Cragedl Gl 385 Clia 20a) ALK Alie IS8 o oSed) o Al (e e3all 12a
¢ ea 0.1 Lgia K 38520 mL of H,CO; ) 25 mL of NaOH i) ae
t e g al Jilia L
1. Find the pH of the solution resulting from mixing 15 mL of 0.1

M NaHCO3 with 5 mL of 0.1 M NazCO:s.

2. Find the pH of the solution resulting from mixing 20 mL of 0.1
M Na:COswith 15 mL of 0.1 M HCL

40 mL of NaOH 48La) aie slayl

mmols before addition 2 4 0
Quantitative reaction H,CO; + OH - HCO; + H,0
mmols after addition 0 2 2

¢ H)CO;3 pypall o amaall gy Ja paeall e Jeli selll o malsll (1
OH™ Ul o (2 mmOl) Loy 52l dllia &1« HCO3™ e (ssing Jslae (355 dngiily
S @sind @Y HCOs Jl e deliy (3a0l) anSpnel of ala o La qangg

ol LS allyy ¢ Lila) LS Slelis cllin ol agle s - (0men) Gomgpae

mmols before addition 2 2 0

Quantitative reaction HCO; + OH -> C032' + H,0
mmols after addition 0 0 2
Final Concentration 0 0 2/60




odag ¢ (Al alSil) Al s oday) Lo COy* L @sing Jlae 0S5 & Angills
Jsladll 8 Gensyngdl sl 35 G ades mgam ol e giny ¥ <l L 50l
toh LS @l ¢ eldl 3 CO5Y U SE (ha 8l aglin (S

2/60 0 0
CO;* + H,O frd HCO;5 + OH"
2/60 - x X X

(o) s e adlua agg e Cagyma e 1Y)l O ) Ui 4 of aeall (a9

ky= 2= 21%107%

az

X *X
kb=

2

(gp) — X

¢ X Aad Glua (Ka 2/60>> x o) G ey

x=26x10"3M

O e Ju les ¢ %5 e aE A s ¢ %7.8 sl aa ) Uadd) s

Adladll e dad Gl (Sars ¢ X A Jlaa) (K Y adly ¢ i odle sl
S il

Crasoted sl 385 lia 46 ALlS Al IS5 o oSadd) (e ALl (e g3al) 12a g

s ¢« ¥ 0.1 Lagia IS 585320 mb of H,CO3 ) 40 mL of NaOH  Zéla) aie

Jadl i ) Jilse 32e d2lia Sead) (o Liagly ¢ Aluall oda 3 4gl) sl s

:J.’uco).ci

1. Find the pH ofa (1/30) M solution of Na>COs.
2. Find the pH of the solution resulting from mixing equal
volumes of (2/30) M NaHCOs3 and (2/30) M NaOH.

50 mL of NaOH 4iLa) sic :lawld

mmols before addition 2 5 0
Quantitative reaction H,CO; + OH" =4 HCO; + H,0
mmols after addition 0 3 2




o sy Jolae (68 Aaiilly ¢ Wb 0S8 3o @) ae Jeliy paeall o maalsll (e
S gyl of alas (o B sy « OHT U e (2 mmol) saly) el o<1 HCO;”
Mol dlia olé adles (Gaen) cpagms o gsiad Y HCOs J) pe deliy (322)

toh LS el ¢ Lila) LS

mmols before addition 2 3 0

Quantitative reaction HCO; + OH -> CO32' + H,0
mmols after addition 0 1 2
Final Concentration 0 1/70 2/70

el e Jaly dlae g5 ¢ LBOH™ 5 CO5™ e (giny dilae (155 s Al
) S8 (o sl (S Jslaall (8 el Gl S5 8 ey (bl Dlelin V)
t ol LS @y« OH J) asag 3 CO5™

2/70 0 1/70
CO;* + H,0 5 HCO; + OH"
2/70 - x X 1/70 + x

(o) s cadlua ang e Cagyma e )Yl O ) Ui 4 of peall (a9

ky= 2 =21%10"*

ka>

X * ((7—10) + x)

kb=

(Fp) —x

¢ X Aad Glua (Kay 1/70>> x o G ey
x=42%10"*M
O e Ju lee « %5 oo 6 ded gy ¢ %2.9 s 4l ani il Uadl) Gilaa

dad Jlea) oS elliyg ¢ (Qiial (s dsms ane adisie 135) dagaia odlel dum il
rua ¢ [H] 4l Gles (Saps ¢

[OH] = (1/70) +x = 1/70 M

[H]=7*10"2M




Jslaal Cpmsyngll sl 385 lus 28 et ALalS Allse Jalay Alisad) o 30l 134
o L) s AT Uil 320 Aelua (Sa WS« OH Jls CO5™ ) (g Ladla e (gimy
d'.'m 3 d;j\
1. Find the pH of a solution containing (1/70) M NaOH and (2/70)
M NazCOs.
2. Find the pH of the solution resulting from mixing equal
volumes of (2/70) M NaOH and (4/70) M NazCOs.
3. Find the pH of the solution resulting from adding 50 mL of 0.1
M NaOH to 20 mL of 0.1 M H2COs.

4. Find the pH of a solution resulting from mixing 40 mL of 0.05 M
NaHCOs3 with 30 mL of 0.1 M NaOH.

bulaa 06 Cuaally @l ¢ odlef lelay Uad i) Alleall puse 3 B oSaal) cag
e . g8 (an g dallad) cilindil) Sasia 3ac i
Find the [H*] of a 20 mL solution of NazPOs (ka1 = 1.1*102, ka2 =

7.5*%108, ka3 = 4.8*%10-13) after addition of 0, 5, 20, 25, 40, 45, 60, and
80 mL of 0.1 M HCI.

0 mL of HCI 4Lz xic :Y

Sle st Yy ¢ D) cilinl samie a5 PO U o s2cls Jolae sas ¢ (meall
SSE e ile J8 sl (8 Cpngougl) Osl S5 Glia Sar g ¢ cpngpaa gl

relall 8 CJA\
0.1 0 0
PO + H,0 5 HPO,” + OH
0.1-x X X

‘s ¢ Yl o) YD Gl Rad e (e 2 Y ¢ okl

ky= 2 = 21%1072

a3
X *X

k., =
b7 01—«

P X Al alag 0Sa 0.1 2> x o Gl s paigaillyy




x = 0.045

¢ Akl duadll Gl e o (%45 Jsa) 5y Liad 4l aad ) Undl) Ged Claays
.[H+] YN Ay Aoz i) daledl) E\Jilm\ g

Cnsouel sl S5 Glia 3 ALIS Al IS8 o adll e ALl e e a3
OSaal) a6 Opmanedl (e Agllag AL il 5o 528 ag « Na;PO, Jslad
tie ¢ Lol Jall i i Al 20 3 lua

1. Find the pH of a solution containing 0.1 M Na;HPO4 and 0.1 M
NaOH.

2. Find the pH of the solution resulting from mixing 10 mL of 0.2
M NaH2PO4 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 H3PO4 solution with 10 mL of 0.6 M NaOH.

5 mL of HCI 4iLa) sic ;LG

mmols before addition 2 0. 0

Quantitative reaction PO + H' -  HPO,S” + H,0
mmols after addition 1.5 0 0.5
Final Concentration 1.5/25 0 0.5/25

topal G ol (e Y aalally

iy of Laasl e ¢ aaly slae 8 bediny o oSy ¥ s2c il (meall o .1
Je il i

Rt e Ol 0ol ol Cums ¢l o sl e 5o W) Jelis o 2
laje S b 52as Al

o iy Jslae (5S Aaiilly ¢ ddliadll sac il pa Jelity (aeal) (any of seaalll (g
Dliely) ciolall SIS e (gging Cua ¢ GBI GV e Al 3 g el o

(L S X dad

0.5/25 0 1.5/25
HPO/ 5 H' + PO
(0.5/25)-x X (1.5/25)+x




e (58) e

&2 =

kqz =

(0.5/25) »> x o) yasias salallS N
Xx=16+10"13M
13 ¢ A A il g ¢ 583 A Y neatl) Ul (o eaial 1 (e
[Hf]1=16+101M

Crasotedl sl 35 Glua 4] ALl Al JS3 ) (Sl (e L) (e e3al) 12ag
e Lads L) Gihall (meally 40l clisdll samie 22l e Fide abiie Jsladl
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1. Find the pH of the solution formed when a (3/25) M NazPO4
solution is mixed with equal volume of (1/25) M Na;HPO.
solution.

2. Find the pH of the solution resulting from mixing 20 mL of 0.1
M Na;HPO4 with 15 mL of 0.1 M NaOH.

3. Find the pH of the solution resulting from mixing 20 mL of 0.1
M NaH:PO4 with 35 mL of 0.1 M NaOH.

20 mL of HCl 4l aie LG

mmols before addition 2 2 0

Quantitative reaction PO+ H* - HPO,” + H,0
mmols after addition 0 0 2
Final Concentration 0 0 2/40

0sSs Aally « HPO,™ ) lelsays PO, U1 S pe deliy paeall of sl (0
saia paeal mle dolae s ¢ (L) S Ahe) Lis HPO,” Ll (goiny Jolas
el Cpnuell sl OS5 Aed Gl (Say olle opind o gingg G pugl)
Msall e gl 138 o ¢ Wla adde Capill 25 A ¢ gl aladinly Jilaall (e g5l
G asase G OIS Gl adlal) g ¢ BaclE ) (meaS Capeay o S duag ¢ 35




O el camy Il ¢ ol cpins Jasy zydeall mlal) (f lelye pe ¢ Jslaall
toa Allall ol 8 aadiiud) lall

kaka + ka2k3 [HP 0421-_]
kaZ + [HP 042}_]

[H*] =

3 Om ABal a3 of Jalag ¢l ABdal)l Y ki) odef A8l B sl
(Aadiienal) CEY) culghis dall Ao Al culiadl)

[H*] = 2.3%10710M

Cnsouel Os 585 Glua 31 LIS Alie JS8 o Saal e Al (10 e5al) 13
s a5 < 20 mL of 0.1 M Na;PO, I 20 mL of 0.1 M HCI 4ilz| xie
Jall U8y Cumy ¢ Wit lua (S Jilee sae llia Lagfy « L) oda 3 1Y) sl

tJie ¢ leda odled

=

Find the pH of a 0.05 M Na;HPO4 solution.

2. Find the pH of the solution resulting from mixing equal
volumes of 0.1 M Na3POs and 0.1 M HCL.

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 HC] 4iLa) aie slay

mimols before addition 2 2.5 0
Quantitative reaction PO + H' - HPOS + H,0
mmols after addition 0 0.5 2

¢ AT LS Sle s Wln s agles « HPOZ™ ) ae Jeliy of HY J) plSals I Y (S0

:LA-'-‘ LQS kﬂlﬁ}
mmols before addition 2 0. 0
Quantitative reaction HPO,” + H - H,PO, + H,O0
mmols after addition 1.5 0 0.5
Final Concentration 1.5/45 0 0.5/45




J) s HPOSS e S e Jaidy abiie Jglae s 0l Jolaall o o Lae W ity
pol LS el ¢ B SN e cpmg el sl 385 dad Clua (Sadll (s ¢ HoPOY

0.5/45 0 1.5/45
H,PO, s H' + HPO/*
(0.5/45) - x X (1.5/45) - x
1.5
(33) + ) *x
ka2 = 05
(5) —*
% ad ol Alstaall Ja (S ¢ (%) »> x o LA e
x=25%10"°M

e 5 ¢ allaa) Sy s ¢ Aglall Qa8 awl) Uadll () eaal ) (g
[HT]=25%10"8M
Crasoted sl 385 lua 4a) ALl Al IS5 o oSl (e ALl (e e3al 12a g
Jilus Leady « 20 mL of 0.1 M Na;PO, 1) 25 mL of 0.1 M HCI 8l xie
B Lg‘)ai
1. Find the pH of the solution resulting from mixing 20 mL of 0.1
M NaH2PO4 with 15 mL of 0.1 M NaOH.

2. Find the pH of the solution resulting from mixing 20 mL of 0.1
M H3PO4with 35 mL of 0.1 M NaOH.

40 mL of HC] 4ila) aie ;luwald

mmols before addition 2 4 0
Quantitative reaction PO + H" = HPOS + H,0
mmols after addition 0 2 2

¢ AT LS dlelis dlia (s agey « HPOLY J) e Jeliy of H U1 oSl 1y Y

:L.A.'-‘ LQS &'ﬂlﬁj
mmols before addition 2 2 0
Quantitative reaction ~HPO,”~ + H' - H,PO, + H,0
mmols after addition 0 0 2
Final Concentration 0 0 2/60




S5ing Cumia (e wle) hid PO, e Jaidy ¢psSiall dolaall o (Ba Lae W ity
Gl (Sl ey ¢ Loa 4l sl ddais gy ¢ (5aaly Al indiy umgyin e
aie Gaeall e el 2aall mlally Galadl Gl G Gamssuedl sl S5 dad

Pk LS @iy ¢ s el

kalkw + kalkaZ [HZPOZ]
kal + [HZPOZ]

[H*] =

2o Gn ABY a3 of Jalag ¢ Jam ABY Y k) odef diball B Lansnilly
(Aadiiaal) (Y culghy lall o dlad) cliadl)

[H*] =2.9%1075 M

Ol Ol S5 lua L) ALIS Alie J<8 o (Sad) g0 ALl e e3a) 13
ik a5 < 20 mL of 0.1 M NasPO, I 40 mL of 0.1 M HCl il e
Jadl S5 Gy ¢ Wiz laa (Say Jilise s20 dllin Loagly ¢ Aleall 038 3 400 salsall
s Jie ¢ leda oDled
1. Find the pH ofa 2/60 M NaH;PO4 solution.
2. Find the pH of the solution resulting from mixing 20 mL of 0.1 M
NazHPO4 and 40 mL of 0.05 M HCL

3. Find the pH of the solution resulting from mixing 20 mL of 0.1 M
H3PO4 and of 40 mL 0.05 M NaOH.

45 mL of HCl L&) sie ;ludlu

mmols before addition 2 4.5 0
Quantitative reaction PO + H - HPO,” + H,0
mmols after addition 0 2.5 2

¢ AT LS dlelis dlia Gla ages « HPO,Y J) e deliy of H U1 oSl J1y Y

ZGJ:! LAS Lﬂld}
mmols before addition 2 2.5 0
Quantitative reaction HPO42' + H - H,PO, + H,0
mmols after addition 0 0.5 2
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mmols before addition 2 0. 0

Quantitative reaction H2P042‘ + H - H;PO, + H,0
mmols after addition 1.5 0 0.5
Final Concentration 1.5/65 0 0.5/65

jH3PO4L)A &M@d@ﬁuﬂ\d)u\u\wmuumd
GJJ XS «ﬂb} ¢ dj‘){\ Sl % Qﬂ;j)%\ UJ:’\ SH il Olua USAAS\ (s ¢« HoPO4

0.5/65 0 1.5/65
H,PO, 5 H' + H,PO,
(0.5/65) - x X (1.5/65) - x

U‘l

()0

0.5
(gg) —*

xwg@\jmu\d;usm( )>>>xu\uaﬁg;}

x=36+x103M

cApal las ) i lee (%47 Ja) Tan oS 4l cpiy i) Dadll sy

(22) el o Ay Aage ol X i f i

Crasoted sl 385 lia 4 ALl Al IS5 o oSl (e ALl (e e3all 12a g
Jile Leafly « 20 mL of 0.1 M NasPO, I 45 mL of 0.1 M HCl dil) e

B Lg‘)ai

1. Find the pH of the solution resulting from mixing 20 mL of 0.1
M H3PO4 with 15 mL of 0.1 M NaOH.

2. Find the pH of a 20 mL solution containig of 1.5 mmol of
NaH2POsand 0.5 mmol of H3POs.

3. Find the pH of the solution resulting from mixing 20 mL of 0.1
M NaH:PO4 with 5 mL of 0.1 M HCI.




60 mL of HCl 4ila) aie ;labu

mmols before addition 2 6 0
Quantitative reaction PO + H' - HPOS + HO
mmols after addition 0 4 2

¢ AT LS dlelis dlia Gla ages « HPO,Y U1 e deliy of H U1 oSl 1y Y

ZGJ:! LAS «ﬂjdj
mmols before addition 2 4 0
Quantitative reaction HPO42' + H - HPO, + HO
mmols after addition 0 2 2

¢ AT LS Slelis dllia (s ades « HPO, ™ I ge Jelity of HY ) plSals J3 Y ¢

ZGJ:! LAS Lﬂldj
mmols before addition 2 2 0
Quantitative reaction H2PO42' + H - H;PO, + H,0
mmols after addition 0 0 2
Final Concentration 0 0 2/80

sl Al L HiPOs o daidy Jolae s osSiall dolaall of Gaw Laa W i
oo el Osl 385 dad Claa Sadl (e ¢ gl Sanie Gaea sy ¢ (GG
ol LS ety ¢ ((522) 5 100 5ed Juala o) U il
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2/80 0 0
H;PO, 5 H' + H,PO,
(2/80) - x X X
X * X
kal = 2
(gp) — *
80

X e slady Alaled) Ja (S (82—0) > x of Lap e
X =166*1072M

434@)93\&;&))@1&44(%66 LA\);) ihﬁ@iu@w\m‘umj
A i) Alsbeal) D3 e 3 Vs (82—0) Tl e 45l Alage cond ¥ Aad f
ol LS g ¢ Jadl it gl (s Jilse 50 Al (Saall (pas X ad sla) 8




1. Find the pH ofa 0.025 M H3PO4 solution.

2. Find the pH of the solution resulting from mixing 20 mL of 0.25
M NaH:PO4 with 80 mL of 0.0625 M HCl and diluted to 200 mL.

3. Find the pH of a 40 mL of 0.05 M NaH2PO4 after addition of 40
mL of 0.05 M HCL.

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

80 mL of HCI déLa) xic ;U

mmols before addition 2 8 0
Quantitative reaction PO + H' - HPOS + H,0
mmols after addition 0 6 2

¢ AT LS el dlin (s ages « HPOSY U1 e Jeliny of H U1 i8Sl 1y Y

:L.A.'-‘ LQS &'ﬂlﬁj
mmols before addition 2 6 0
Quantitative reaction HPO,” + H' > H,PO, + H,0
mmols after addition 0 4 2

¢ AT LS Slels dllia (b adey « HPO,™ J) g Jeliy of HY 1 plSals I3 Y ¢

:L;-'-‘ LQS kﬂlﬁ}
mmols before addition 2 4 0
Quantitative reaction ~ H,PO,> + H" > H;PO, + H,0
mmols after addition 0 2 2
Final Concentration 0 2/100 2/100

OSadl as ¢ HY 5 H3PO, (Ao daity Jolae sa sl Jolaall o Gaw Lea U g
‘ ((%) > 100 L Joala () I GG o G ynel sl S5 Aad laen

2/100 2/100 0
H,;PO, 5 H' + H,PO,
(2/100) - x (2/100)+x X
(150) **
o 100
al — 2
(To9 —*

X dad slauly Aalaall Ja (e ¢ (ﬁ) > x o LA e




x=11x102M

¢ Apml las ) iy lee ¢ (%55 Jsa) Tan oSl cpiy il Uadll sy
Lol 1318, Allsall (e s3ad) 13ag (ﬁ) Tl e 2l Alega Cannd X A o Cum
1 ¢ Biliad) (e Jaae
1. Find the pH of the solution containing 0.02 M H3zPO4 and 0.02 M
HCL
2. Find the pH of the solution resulting from mixing 50 mL of 0.04
M NaH;POsand 50 mL of 0.08 M HCI.

3. Find the pH of the solution resulting from mixing 50 mL of 0.04
M NazHPOsand 50 mL of 0.12 M HCL

2o |gilly palaal) Jallda ¢plaa

Ll Gl comst s (o ld Blae e Jelal s 4l ) 4 o ¢ ol b
g ¢ Ay sael pa dplaall Aladinly Lagie JS 385 ala) gl Y Gum ¢ sy men
@sing s ) Il oK ¢ Db el 3 %100 Ay SISEm @ galal) oY
wlSy ol ¢ [H] = 0.3M e iy Jslas 4l e 0.2M HNO; 5 0.1M HCl e
Sl ) e ggind il Gl _gh ¢ 5y8all o3a ¢ gmge Jadliad) Lol Lalial (e Unls
Ol G ¢ Db il ¢ gk 5acl o Gaes ) Bila) ¢ Apa 520 S aea
) il 8 LS ¢ o pman a1385l o peall 305505 el (o i 5ben
1. Find the [H*] of a 20 mL solution containing 0.1 M NaOH and

0.1 M NH3 (K» = 1.8*10-%) after addition of 0, 20, 30, 40, and 50
mL of 0.1 M HCL

) plad
[OH 501 n=[OH |ngon + [OH  |yu, + [OH  ]n,0

Jing ¥ Cus ¢ g2elE Joladd) (o allea) (Sapg ¢ lan JilE s Ll (e € gyl 4SS
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G 53 asrgall 2S5 om e 1Sl B Oy el ¢ Gl LisaY) K&
delimi HCl J) (e o ol 43S ol ol el ¥ ¢ iy ¢ Wigal ol Layds




agsill saclall § Gmaall oY ¢ (obal clluad) e W cpise WS) NaOH J) pe Ay
Capeal) K& L ¢ 100% Gy SISEH

HCI ¢ 0 mL ZéLa) ic :Yf

LY e HT ) 55 e (g

0.1 0 0.1
NH; + H,0 s NH, + OH"
0.1-x 0.1+x

X
x*(0.1+x)

1.8%107°=
0.1—x

H(idal) (o) dsag A LAl AL x o Jliel) Lgiag
x=18x10"°
:of &l
[OH |gomn = 0.1 M
pOH=1andpH =13

HCl J ¢ 20 mL 4bLa) aie =Ll

ae delil) 8 Tay ¢ (Ausdl) sac @l e lgml ) & ey ¢ Aysill acldl ae HCI ) Jeliy

14m.al) 3ac )
mmols before addition 2 2 2
Quantitative reaction NH; + OH" + H' - H,0
mmols after addition 2 0 0
Final Concentration 2/40

H' O 385 load aif laee Ualed a5 ¢ 1 LislY) e gsing raal Jslad) of G
ping Leobaley ¢ LiseY) e daady oWl 8 ol @l ) dalay gad ¢ Jladll 13
dlabedl b o Zala¥l sald) o6 Guay oY)

2/40 0 0
NH, + H,0 s NH, + OH"
2/40 -x X X

266 cishlll v ada jiia 3,0 — dgasl) Aldal) plaasst)



X*X

2 _
10X

1.8%107° =

¢ X dad e Joast Aaladd) Jagy ¢ 2/40>>>X o G gian Al da Jagesl ¢ 3218
ol LS el ¢ L ydl awil) Uadlll s (gyspeall oy ¢ X = 9.5%107% cum

_ 9.5%x107%
Relativeerror = ———+100% = 1.9%

(7o)
Sl ¢ damia 2/40>>>X o linmd olb %5 e B ol Badll o) Loy ¢ adles
s x = [OH] o8
[OH] = 9.5%10 M
silabeall (e [H] U1 4 Gl oY) Sl o

10-14 = [H*][OH]

1 0—14—
[H*] = =———=1.05x10"11M
9.5% 1074
pH =10.98
HCI Jl ¢ 30 mL 4oL sic :Btl
mmols before addition 2 2 3
Quantitative reaction NH; + OH" + H' - H,0
mmols after addition 2 0 1
t S ¢ L) pe Lyl Jelity aeall (K1
mmols before addition 2 1 0
Quantitative reaction NH; + H - NH,"
mmols after addition 1 0 1
Final Concentration 1/50 1/50

taliie Jslae g5 ¢ Lise¥ls assiga¥) o hald (e )5S el Jolaall 8 ¢ Il

0.02 0.02 0
NH; + H,0 s NH, + OH"
0.02 -x 0.02+x X




x*(0.2+x)

-5 _
1.8%x107° = 0.07=x

¢ X dad Ao Jeans dabad) Jagg ¢ 0.02>>>X o Gagiss Aledl Ja Jiend ¢ 3alaIS
Al 8 stl) W) o el e ox = 1.8 % 1075 s

_ 1.8% 107>
Relativ eerror = 002 *x100% = 0.1%

téua o X = [OHT] (lé ¢ ale
[OH ] =18%10"°M
tilaled) e [H] J e Qloa oY) (Sl (e

10-14 = [H*][OH]

1071
[Ht] =——— =5.6%10"1'M
1.8% 105
pH =9.26
HCl ) e 40 mL déLa) sic :lay,
ok WS Jeliil) iy
mmols before addition 2 2 4
Quantitative reaction NH; + OH + H' - H,O0
mmols after addition 2 0 2
t IS ¢ g e Ll Je iy amesl) (<)
mmols before addition 2 2 0
Quantitative reaction NH;, + H - NH,"
mmols after addition 0 0 2
Final Concentration 2/60




a1 ) Jhsadl Jsaty (V15 ¢ Jadh agisal) e ging Jolaall maal « Jelall (gl
Jsaall iy ¢ aws LlaYly INH," JI Jslaad gaagyned) s 5850 Glas oKy

‘d:u.n.jj ¢ salall el S Ol Lgi s

2/60

0 0
NH," 5 NH,; + H'
(2/60)-x X X
X *x X
60
!:\3).’.” X ka :\.A:é J\a_!ﬁ;\ L;)j‘)...an e u:y\‘j
k 10714
k, = W —

kp  1.8¥1075 = 5.6+107%

:L;s; Jans Aol d;_u ¢ ((%) >> .X) ui ua)m ¢

x= 43%10°

told addes ¢ Azl yn lee ¢ s e 4 and auail) Uadlll Cilusys

[HT]=43%10°M, pH=536

HCI Jl ¢ 50 mL 4oL e :Luald

foh WS Jeldill jaiuy

mmols before addition 2 2 5
Quantitative reaction NH; + OW + H' - H,0
mmols after addition 2 0 3
t S ¢ L) pe Lyl Jeliy aeall (1

mmols before addition 2 3 0

Quantitative reaction NH; + H - NH,"

mmols after addition 0 1 2

Final Concentration 0 1/70 2/70

269 cishlll v ada jiia 3,0 — dgasl) Aldal) plaasst)



Sy ¢ H™ O e 50l @llin maal 25 ¢ NHy U1 (e 208 6f 3y o) A8l el any
Osd 385 lea oKy St Y Jlsadl sty V15 ¢ NH™ 1) LIS Lisa) culgas
o Jganll Qllatig ¢ Aasan laYls € NH," Jls H J oo Jadal) Jgladd fuag gl

radacals ¢ dlsall b ey o)l Lﬁi

2/70 0 1/70
NH, 5 NH; + H'
2/70-x X 1/70+x
1
(Fr+x)*x
k 70
a — 2 x
70

B e dllyy ¢ Gilall caslladll (8 LS ¢ Ko Aad dlag] (gy5 0l e OV

k, = ’;—“: = 10714/1.8 %1075 = 5.6 x 10710
e Jans Asbeall Jauy « (% >> x) o gt «
x= 112%107°
POl Ao ¢ Apapdl) )y Lea ¢ lan i 4l aad nall Tadll Gl
[H*] =7—10+ 112%10°=14+10"2M
pH =185

2.  Find the pH of a 20 mL solution containing 0.1 M HCl and 0.1 M
H2CO3 (Ka1 = 4.3*1077, kaz = 4.8*10-11) after addition of 0, 20, 30, 40,
50, 60, and 80 mL of 0.1 M NaOH.

NaOH ) ¢ 0 mL L) xic Yy

(il Gmeall ATl say ¢ Yl dplas s Grmeall e (6 aant e 2 Y ¢ Dl
AU G el (e g el sl 3aaS s slelie an) o) ale Lold salell b LS
P (i) s

[H+]soln: [H+]HCZ + [H+]H2603




[H+]soln: 0.1+ [H+]H2CO3

H,CO3; S H' + HCO3 ko, = 4.3%107

HCO; S H' + CO5™ k,, = 4.8*10™"

Jagestt Mallyg of5) of o) AnlSa) Abyaad Cpmgyigll daxia Gmendly saul) Ly aiall (e
PO ol A e ha) Aol 8 Lo Liag ¢ Al

kei  43%1077
k,, 4.8x10"11

= 8958

I Y1 iy Sy ¢ Jaga b€ amanl S Gl o At dedl) sl (e

H,CO3; S H' + HCO3 ko = 4.3%107

0.1 0 0.1

H,CO; = HCOy + H
0.1-x X 0.1+x

o _ [HCO)H)

“ [HC 0]
x*(0.14+x)
43%1077 =
i 0.1—x

P X Al alag 0Sa 0.1 2> x o Gl s paugaillyy
x=43%10"7
1ilage Ao il o suail) Undl) dad by

_43%107

01 *100% =verysmal |

[H soin=01+43%107=0.1M,pH =1




NaOH JI ¢ 20 mL 4l aie =il

iy 13l Jlaily ¢ (HCI J)) il Gmanll e NaOH 1 elisy ¢ dlal) b

mmols before addition 2 2 2
Quantitative reaction HCI1 + H,CO; + OH -
mmols after addition 0 2 0
Final Concentration 0 2/40 0

J e L (V) Ll mualy « HOL ) JalS Ailes 28LY) 021 oo g 4l
PH J) Glua oSey aS ¢ V) Allidlly .0.05 M 3850 ¢lldy ¢ Jgladll 3 H,CO;5
£0.05 M H,CO;3 Jslaal

Aag) e Y Ay ¢ Cpng el saxia e 8 HyCO3 J) pmes o plas il
asts Ll 100 G ST daill culS gy ¢ G e JY) V) il Aad Juals
MG Y - Al oda b= cunguell sl 585 Aad o oyl Y ¢ SBI dSal) Jlal
Sl ¢ (Al AL 4 W) L) 8 Bl e LSl Al Juala ol ¢ Jaills L S
e ol 4 IS5 iy Jslad) (8 om0l 55 O s ¢ B Sl Jags

t sy e

Ka1/ ka2 >>> 100

0.05 0 0
H,CO; s HCOy + H'
0.05-x X X

K X * X
1= " re o
@ 0.05—x

P A alay) (€0 0.05 > X o g amy (sl
x = 1.47%104
t0ld addes ¢ (0.29%) Alage A Ll an ansill Undll dad Gl
[H*] = 1.47*104 M
NaOH J) (»30 mL 4l aie ;LG

iy e ylanly ¢ @) (meall oo NaOH ) Jelay ¢ dylad) b




mmols before addition 2 2 3
Quantitative reaction HCl + H,CO; + OH" -
mmols after addition 0 2 1

b (322l (men) lgmny pe Je i Msall 025 « OH Ly HyCO; Las il
el Lt Yyaa

mmols before addition 2 1 0

Quantitative reaction H,CO; + OH - HCO; + H,0
mmols after addition 1 0 1
Final Concentration 1/50 0 1/50

towal ) o) e Y aoall

e of Laaaal Jeg ¢ asly Jslae 8 iy of (o ¥ s2cllly (meal) o .3

S el ol Jeliy ¥ Gy ¢ gl &y paeal) pe sl Jeli ) L4
JsY) oLl U8

o sing Jolae (5S5 Aagilly ¢ ALl 3ac i) pe Jeliy (anall Giary o ol (e
Ao Clua (Sadll ey A8l Cacliy (aes (0 plaie Jolae sy ¢ HyCO3/HCO;
Gl DS e ggimy Cun ¢ J) Y 0o Al s3 8 Gaagsell sl 55

(Lt S x dad kel

1/50 1/50 0
H,CO, 5 HCO;y + H'
1/50 - x 1/50 + x X

((i) +x) *xx
- 50
al — 1
(5p) —

=X5\~°;=5‘.—'~==-"Le—'wj‘5—2>> X o s
X=43%10"M
PO ddley ¢ Al Qi 4 s ol Uadl) Gl
[H*] = 43%107" M

pH = 6.37




NaOH ) (40 mL 4déla) xie sl

mmols before addition 2 2 4
Quantitative reaction HCIl + H,CO; + OH" ->
mmols after addition 0 2 2

b (3aly (men) lgamny pe Jelii algall o385 « OH Lafs H,CO;5 s il
el Lo Ypon

mmols before addition 2 2 0

Quantitative reaction H,CO; + OH > HCO; + H,0
mmols after addition 0 0 2
Final Concentration 0 0 2/60

Sle Lo asing bl 13ag ¢ Gamgyuell aaia pasal mle 58 HCO3™ J) (of alas idally

DL i Aoy ¢ Baaly Dindig ¢ Cang el

kalkw + kalkZ [HCO I;]
ka1 + [HCO 3]

[H*] =

todle] Alall & oy el
[H*] = 45%10° M
pH =835

NaOH J) ¢ 50 mL  4la) sie :luwald

mmols before addition 2 2 5
Quantitative reaction HCl1 + H,CO; + OH -
mmols after addition 0 2 3

b (3aly (men) lgamny pe Jelii algall o385 « OH Lafs H,CO;5 s il
e iall L6 Yyan

mmols before addition 2 3 0
Quantitative reaction H,CO; + OH -> HCO; + H,0
mmols after addition 0 1 2

¢ H)CO;3 sypall o (maall gy Ja Gaeall e Jelin sl o malsll (g
el o s sy ¢ OH™ U1 (e 33l a5 ae HCO3™ e (giny Jislaa )58 dagilly




ades (Umaea) G o gind &Y HCOy ) pe deliy (330) a5yl o
el LS el ¢ Lala) LS Sle s i 8

mmols before addition 2 1 0

Quantitative reaction HCO; + OH > COy¥ + H0
mmols after addition 1 0 1
Final Concentration 1/70 1/70

o ssiny slae 0585 Aagills ¢ 3e @) pe Jeliy HCOy U1 iy of malsll (s
fad o (Sl ey Al Gacliy Glaen e aliie Jslae 85 « HCO3/CO5>
ol DS e (ssiny Cum o S YT e Aladl o3 8 Gmued) Osl S5

(s o x Aad lacly)

. ((7—10)+x)*x
a2 (%)_x

[H*] = 4810711 M
pH = 10.32

NaOH ) ¢ 60 ML dbla) sie :Lusla

mmols before addition 2 2 6
Quantitative reaction HCl + H,CO; + OH" -
mmols after addition 0 2 4

i (32c15y (man) Lgarmns g Jeli Sl s ¢ OH” Lindy H,C0; s o
rJe il Ll Yo

mmols before addition 2 4 0
Quantitative reaction H,CO; + OH - HCO; + H,0
mmols after addition 0 2 2

¢ H)CO;3 sypall o (maall gy Ja Gaeall ae el sl o malsll (g
dlai o s iy ¢« OH™ U1 (e 33l a9 ae HCO3™ e (giny Jslaa (p5S8 Aagilly
ades (aen) mmgrue Lo geiad Y HCO;y ) ae deliy (32018) 2 jngl)

toh LS elldg ¢ Lila) LS Slelis dlln (s




mmols before addition
Quantitative reaction
mmols after addition

Final Concentration

2 2 0

HCO; + OH - COy® + H,0
0 0 2
0 2/80

Gl o ssim ¥ el g ¢ bk COZT e gy Jlae 058 of L dally

J) IS8 e Bpalie Alun Sy Jlad)l 3 caagsned) sl S5 olb e L caag s

2/80
CO;* +
2/80 - x

toh LS ellyg ¢ oLl 3 CO5™

0 0
H,O 5 HCOy + OoH
X X

(o) s el gy e Cag e e OVl O ) Lis 4 ) agall (a9

ky= 2% =21%10"*

az

x=23x10°M

X *X
kb=

(G —

¢ X dad Ol (S0 2/80>> x o s e

O le du lae ¢ %5 e uP Aad Ay« 9.2% a4l aad el Uadld) sy
Adladll e dad Gl (Sas ¢ X A Jlaa) (K Y adly ¢ hli odle s )

mmols before addition
Quantitative reaction
mmols after addition

g il

NaOH J ¢ 80 mL  dél) aie :laylu

2 2 8
HCIl + H,CO; + OH" -
0 2 6

b (3aly (men) lgamny pe Jelii alsall o385 « OH™ Lafs H,CO;5 s il

mmols before addition
Quantitative reaction
mmols after addition

el Lt Ysaa

2 6 0
H,CO; + OH - HCO;y + H0
0 4 2
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¢ H)CO;3 sypall o jamaall gy S paeall oo Jelin selll o malsll (g
alai of b aagg « OH™ U1 e 35 3535 ae HCO3™ e (gsing Jolae ()65 daiills
adey . (Uaen) caus o gsind bl HCOy ) ae deléy (3208) auSsjng) of

toh LS elldg ¢ Lila) LS Slelis dlla (s

mmols before addition 2 4 0

Quantitative reaction HCO; + OH -> CO32' + H,0
mmols after addition 0 2 2
Final Concentration 0 2/100 2/100

oo Jaity Jslae sas ¢ L OH™ 5 CO5™ o (giny Jilae ¢S5 el dailly
O dlin (Sar sl (3 el sl S5 Ol addes (kb (Dle i V) (piscld
t ol LS @iy« OH Ul asay 3 CO5™ U s

0.02 0 0.02
CO;* + H,0 5 HCO;5 + OH
0.02 -x X 0.02 +x

(o) s el gy e Cagpae e OVl O ) Lis 4 ) agall (a9

ky= 2% =21%10"*

ka>

_ x*(0.02+x)
b= 0.02—x

¢ X Gl Glaa (K0 0.02>> x o (= e

X =205%10"*M

iad Jlaa) oS @iy ¢ (inial (s) dsm s adisie 135) dapaia oDl A il
rua ¢ [H] 4l Glua Sas ¢ x

[OH"] = 0.02M
10—14
+1 — — -12
[H*] =57 =10x10"" M
pH =12.0




3. Find the [H*] of a 20 mL solution containing 0.1 M NaOH and
0.1 NazPO4 (ka1 = 1.1*102, ka2 = 7.5*108, kaz = 4.8*%10-13), after
addition of 0, 20, 50, 80, and 100 mL of 0.1 M HCI.

0 mL of HCI déLz) xic :Y

Eua NaOH Jis NasPOy Ul (e Jals Jlae e Jobeti il ales o 23 W ¢ Agladl
(Y e HY J OS5 (e Jpeanl) (Sa

0.1 0 0.1
PO + H,0 s HPO,* + OH
0.1-x X 0.1+x

V5 O )l Al s e Y ¢ gl

_x*x(01+x)
P70 01—«

P X Al alag 0Sa 0.1 2> x o Gl s paagaillyy
xX=21%x10"%*M

¢ Akl dumdll Gl agles o (%21 Jsa) 5y Diad 4l aad l) Undl) Gl Gl
JOHT ) e ol Ams il Alabaall aladind sy

20 mL of HCl &L sie Ll

mmols before addition 2 2 2
Quantitative reaction PO + OH + H' - H,O
mmols after addition 2 0 0

toal ol (e Y aelally

i o Lasal o ¢ aaly Jolae b by of oS Y sy Gmanll o L1

saclall ae Comssed) (sl Jeliy Cumy ¢zl A (aeall pe sac @l Jeli of L2
dalye e




oSally ¢ Ysf sl sae i) e (gl) menl) Jeliyy .3

¢ PO, U Uslae i iy « NaOH JI S g Jeliy Ciliadl) aeall oli ¢ adles
OIS all Jpan ey (Sars ¢ Vol Apll a0l pa Jelity (menl) oY

0.05 0 0
PO + H,0 5 HPO,” + OH
0.05-x X X

ua ¢ Yl Yl e s Ge 2 Y ¢ ikl

ky= 2 = 21%1072

ka3

x * (x)
kp = 0.05—x

P X Al alay (S 0.05 > o i am sl

X=32%10"*M
¢ Akl Ayl 8 e ¢ (%65 ) 5y Tiad adl aa o) Uadll G CQluans
JOHT] J 4 J\A_f‘)! Aoz i) daledl) E\Jil..u\ Qaag

50 mL of HCl 4l ais LG

mmols before addition 2 2 5 0
Quantitative reaction PO, + OH + H" -  HPO/” + H,0
mmols after addition 2 0 3

sae i) e Japdll Aleld fag 5 ¢ Yo Ll saclil pe Jeliy (meall of malll e
rliall Joan ey (Sags ¢ dganal)

mmols before addition 2 3 0
Quantitative reaction PO + H' - HPO/>
mmols after addition 0 1 2

TG Yaaa s Ml ¢ HPO,*™ U e deliy panall o ey

mmols before addition 2 1 0

Quantitative reaction ~HPO,” + H* - H,PO,” + H,0
mmols after addition 1 0 1

Final Concentration 1/70 0 1/70




5 HPOS e JS o Jaily aliie Jslae a0 o€l Joladll o o Lee W (g
pol LS el ¢ B SN e cpmg el sl 385 dad Clua (Sadll (s ¢ HoPOY

1/70 0 1/70
H,PO, S H' + HPO/*
1/70) - x X 1/70) + x

1
((7—0) +x) *x
kaz = 1
(5 — X

o a0 ey ¢ X i alaly Askaall Js o ¢ (%) > x of Lap e
gl O ) Uas)
x=75%10"8
[H*] =75+ 108 M

80 mL of HC] 4iLa) aie slay

mmols before addition 2 2 8 0
Quantitative reaction PO + OH + H" -  HPOS + H,0
mmols after addition 2 0 6

aeall G Jelal Tay Leilemn) gy Yol 45l 320l we Jelity (men) of maaldll oo
realiniall Jgandl el Sang ¢ ddaall sac g

mmols before addition 2 6 0
Quantitative reaction PO + H' - HPO,” + H,0
mmols after addition 0 4 2

TG Yoan s Jlls ¢ HPOsZ J) e Jelity L meal) o<

mmols before addition 2 4 0
Quantitative reaction =~ HPO,” + H* - H,PO/> + H,0
mmols after addition 0 2 2

s Yoam a0 Ml « HPOS J) g deliy Lagf meall ¢

mmols before addition 2 2 0

Quantitative reaction H, PO42‘ + H - H;PO, + H,0
mmols after addition 0 0 2

Final Concentration 0.02




aes s ¢ kil HiPO, o daidy Jolae s 0siall Jolaad) o G Lea W i
V) IV S e g rnell sl S5 Aad Glua Sadll ey ¢ g ugl) daia
el LS 3y ¢ (F2) > 100 3asi Juala

0.02 0 0
H,;PO, 5 H' + H,PO,
0.02) - x X X
I X * X
1~ 7Aoo~
a (0.0 2) —-X

X Aad alagls laall s (S ¢ (0.02) B> x of sk ey
X =15+10""M

cApml las ) s e« (%74 Jsa) Tan oSl cpiy i) Uadll Gl
Adleall alatin) e 2 Y5 2(0.02) Aaill ae A3l Alege Casl X Aed o Cua
X A ol (A A il

100 mL of HCI 4l sie ;luwld

mmols before addition 2 2 10 0
Quantitative reaction PO + OH + H' - HPO,” + H,0
mmols after addition 2 0 8

reliall G ol (Says ¢ Yl sl 0l pe Jeliy (meal) o ealsl) (10

mmols before addition 2 8 0
Quantitative reaction PO + H' - HPO,” + H,0
mmols after addition 0 6 2

TG Yoaa s Jalls ¢ HPO,” U ge Jelity Liagl (meall (S

mmols before addition 2 6 0
Quantitative reaction ~HPO,” + H* - H,PO/> + H,0
mmols after addition 0 4 2

s Yoam a0 Sl « HPOS J) g deliy Liagf meall ¢

mmols before addition 2 4 0

Quantitative reaction H,PO> + H" > H;PO, + H,0
mmols after addition 0 2
Final Concentration 0.02 0.02




cSadll ey« HY 5 HiPO, e Jaidy Jslae sa ¢psSiall Jolaall o Gae Laa Ul ity

C((G2) 5> 100 3us Juals o) I S G Cimssned o 55 el Sl

az2
ZGJ:! LAS Lﬂldj
2/120 2/120 0
H,;PO, 5 H' + H,PO,
(2/120) - x (2/120)+x X

(L)*x
. \120
al — 2
(1700 —*
% Gad sl Astaall Ja oS ¢ (ﬁ) > x o L e
x=11%10"%M

Jiad ) dsasll gl Al Ja e Y agle ¢ LD ksl Uadll W
[H]

e silly alaadl) cplaa o el

(Kjeldahl Nitrogen Analysis) ¢pag il ja83 Jlals a3y b

Jisad wy G ¢ Aggmall Asall 8 cpmg i) il I ed) e JIaIS Ayl e
On B3 b liberated ammonia U aead &y & (e ¢ Lisel () gpmnd) G sl
¢ 3ol e ol Jslaa aladinly Gaeall (e Al 3plae 2B ey ¢ ol Gaea Jglaa
oo MMOIS Jl 22 (g5l Lisadd MMOls J) aae o Cus ¢ Liga) 3aS dijeal lldg
Al ol3dl o3 ¢ back titrations J) Tawe e cllual) aaiaiy ¢ cpng sl

Al lshadll 8 adlid 3dy ) Jualds L

dug ¢ Cpag il o gt Al dygiaell Al ) 3S5e i€ s Al o L
22 O G Ol diads Asanll salall &S (haja ¢ Jelaall (Al




aliy «(digestion) aaell Llke and dulanl) 0285 ¢ (NHSHSOy 350 o) (ggiac
{JIAS Slea A (digestion unit) aagll sasg
Adlra (i @lldy ¢ oMol ameal)l Jslaall ) NAOH Ul Jslas (g 5L ddlia) &3 .2
) pdadl) Ao LigeY) selai dua ¢ Lisel ) NHHSO, J) disady (anal)
& (distillation unit) uagil) sasy & b g ¢ (distillation ¢ judadi Ll Saay
JaK glea
HySO,4 ) (e slae (e 30y (3 bl glee (g o liaiall Liga) 3le apend & .3
caaall Jolae e 3230 Bplae o ¢ (Ol aelial lgll aa) S ey ¢ bl
-kl NaOH J) (e Jolas alaainly Al bl
pol Cun Al 8 Comg il A8 Gl 2y ¢ sl 4
Standard H,SO,4 added + 2 NHj liberated = (NH,),SO,
Excess H,SO,4 + 2 NaOH (standard) - Na,SO, + 2H,0

mmwl H,SO, reacted
=mmwl H,SO added- mmol H,S (, ti trated

1 1
Emml NH; =mmol H,S O, added- Emml NaOH
mml N = mnol NH,

1 1
Emml N =mmwl H,S0,added- Emfml NaOH

:JGa

Find the percentage of nitrogen in a 500 mg sample analyzed by
Kjeldahl method where the generated ammonia was collected in
20.00 mL of 0.1 M H2S0;4 solution, if the excess acid required 6.00 mL
of 0.1 M NaOH.

H,S0, + 2NH; = (NH,),S0,
H,S0, + 2NaOH - Na,SO, + H,0

mmwl N =mmwl NH,




mmwl H,SO reacted
=mmwl H,SO added- mmol H,S (, ti trated

1 1
—mmwl NH; =mmwl H,SOQ added = mmol NaOH

2 2
1 1
Em’ml N =mmwl H,SO added- Emml NaOH
1\mg N 1
mg N = 47.6

500

%N = *100% = 9.52%

(modified Kjeldahl method) d{lsall Jials 48, %

g ¢ Al A5kl 8 Jal) s LS Lol Aypumall diall 55 2y ¢ Aigylall o2 b
OsSi amy Loy ¢ Lael Jolaall Jand (321) 3S5dl NaOH JI Jslas ddla) lase
o LigeY) Lyl ey Qo) 1Al Aaglall 8 Lyl Jlall 8 LS ¢ LasdY)
gl paes o (b8 ) aite Jslae (B Loty ((pdndll) (gae @l Jolaal)

t sl (pe A L3S iy ¢ Slyall (mes aa LiseY) Jelin ua ¢ (boric acid)

H,BO; + NH; = NH," + H,BO;"

mmwl H,BO; =mmwol NH;

J ana o ol Jolae g ¢ odlel Jelall 3 2558 HyBO3™ Ul sylea &y & (30
:&L«Sc HC|

H,BO;™ + H* = H;BO,

:Qi Lﬁi



mmwl!l H,BO; =mmwol HCI
:L'j (_gi
mml HCl =mmwl NH,

mmwol N =mmvol HCI

el Gilglae 23 Aol Adphal) Laiy ¢ Taals Luald Yolaa ariivd Ayl Ll dloeal

gl et 8 gl Al ¢ Lgilalad Tydas ¢ Alaeall 250l Hasinl e ey Lo o
:llaal) 48, kY o Jba

Find the percentage of nitrogen in a 500 mg sample analyzed by the
modified Kjeldahl method where the generated ammonia was
collected in a dilute boric acid solution , the resulting solution
required 15.00 mL of 0.1 M HCL

i ¢ kel lavw L Ja)

mmol NH; = mmol N = mmol HCI

mg N _
) =0.1%*1500=21ny
1
% N = *100% = 4.2%

500






b Juasl)

complexes ) &ylaag S5
(Complexometric equilibria and titrations)
SV aals figand ge metal fon Je\ss e (S Sye oo Ble 1 complex )

Ol « (electron deficient) lis s 8 anlay g8 3 metal jon J) DAy
Gany o xuhll e A ¢ (electron rich) s sSNG dge ssle 4 dgand )
) @l SN #1536 dgand O iy Gaa ¢ ligands J)s metal ions J) oy Jels

Joelley My Aaun dalyy el « metal fon J)oxe hailyy nS B4 LSl
alal oy Alall oda a5 ¢ (Qlg SN (e aaly 755 ) saals Al disilgand
s Slise) Jia ¢ sasls ddayy metal jon () &= hiing « monodentate) ¢\asl
s« ethylenediamine () Ji (bidentate) ¢\lal 34l (& o) ligands QI (Sad
ethylene) EDTA J o &us « dld ye o (fridentate) lasll il

e anll Al (diaminetetraacetate

Tridentate Ligand:

CHaCHp CHpCHa

ciegthylenetriamineg (dien)
HoN, NH NH-
Tetradentate Ligand.:
CH->CH CH~CH CH2CH
LR ATIND, IR triethylenetetraamine (trien)
HaM. NH .NH NH5
Hexadentate Ligand:
= 'C". .'0' -
TR B
10— CCH» CHQC’"O :
" ' NCHoCHaN h ethylenediaminetetraacetate (EDTA)
" ¥ LY T
: O— CCHo CHoC — O
Tl i ™
0. o




28 g « chelating agents plhias ¢lasll 323 Ayl figanas J) e (Uil
gl & s chelale JS (& ey .chelate o (Sl complex J) i Al
J oS Y 3 ¢ chelate s complex JS & o Uayd Gl Liw ¢ complex
2xia chelating agent e s)ue ligand J) \S 13 Y| chelate e 3.c complex

ceaxll

J Al oS JKE Wl days o A complexes Jl Gl oS L Ll
« EDTA J) Jin ¢ slaall 320005 anall 808 dypac figands sxanus Al complexes
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Ll ed\elitll w31 formation constant J) o aai of lSar 2aa) (s g saasal
o AT A S e V) ¢ LS delill o) sy adl e o BGD DS oS
LCole el
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EDTA J &« complexes J gard <l <l 6
Cation KMY Cation KMY
+ 7 2+ 18
Ag 2.1x10 Cu 6.3x10
2+ 8 2+ 16
Mg 49x10 Zn 3.2x10
2+ 10 2+ 16
Ca 5.0 x10 Cd 29x10
2+ 8 2+ 21
Sr 4.3x10 Hg 6.3x10
2+ 7 2+ 18
Ba 5.8x10 Pb 1.1x10
2+ 13 3+ 16
Mn 6.2 x10 Al 1.3x10
2+ 14 3+ 25
Fe 2.1 x10 Fe 1.3x10
2+ 16 3+ 25
Co 2.0x10 \Y, 7.9x10
2+ 18 4+ 23
Ni 4.2 x10 Th 1.6 x10

LS bl complexes J) (o daldll Jiludl (a3 Load Sl (Sed) (hag
tofishay e Glblual) (o ey ¢ OV die GBSl e Jsanl)

Je il 43 Kall sl gall MMols J) (e asially ) s<iall Glua LBIA 24 LS 35laa (@
A s ¢
Agladll RSN Glaa 2 Leag ¢ V) 35ha (b
A JLAY o gapang ¢ Bydlaall ilasall (e 238 ) B Sy

1. 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¢ = 5.0x107

oY) MMols Jl cast Cum ¢ S Jelaill U Gy lai Cua Gl b Jall
Y J8 gl aren S5 ) Adla] ¢ Ao pSially Auadially

0.25 0.75 0

Ag’ + trien - Ag(trien)”
0 0.50 0.25
0 0.50/75 0.25/75




S o) Y el s Lala Al Cua ¢ )Y (e Addadl) 380 i) “"L“‘“?J&’ ¢ s
(o) e complex d o) gl) esSi 3 e

0 0.50/75 0.25/75
Ag’ + trien 5 Ag(trien)”
X ((0.50/75) + x) (0.25/75) - x
0.25
) (G5)-»
510" =
0.50

(0 (%) + 0

x A e Joasi Aalaal) Ja g ¢ (0;5) B> X o L s

x=1x108
Ls.uu\dﬁsjcJSMJ\&YM\M\MU\@;cmmﬂ\ui@a\}hwj

[Ag'] = 1x10-8 M

el ol Gudi g Ll Jilsall e apaadl 3 el La (Saall (ga

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¢ = 5.0x107.

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¢ = 5.0x107.
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W A S Gy ¢ HyY ypa Slo LS (S Y ¢ i Laas EDTA U1 iy
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HyY S HY + H
HY™ 5 HY + H'
H,Y* S HYY + H'
HYY S Y¥+H
to asleal) (pad ¢ agle
Cy = [HaY] + [H3Y- ] + [H2Y%] + [HY3] + [Y#]
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n ¢ (K) oSl Calh ES (S ¢ Lol

= [CaY?"]
f— [Ca2+][Y4_]
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a, = C
[Y*]= a,*Cy
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kalkazka3ka4
[H+]4 + kal [H+]3+ kalkaz [H+]2+ kalkazka3 [H+] + kalkazkaBka4

a4=

ol LS (sl i S Saal) e ¢ L

o = [CaY?"]
= [Ca2+][Y4‘]

fele deand ¢ il

[CaY?"]

Y = [Ca**]a, * Cy

A Al ) Jsasll Sy 438 ¢ bylaal) ladic S5 dima pH e il @y Of Cung

[CaY?™]

ki =———--——
4 [Ca?*] = Cy

U o)s « (conditional formation constant) lag yiall (sl Cull e k} o G
cgaladl Sl aadtiii Lailg ¢ Jlall da (B 4e0dis o
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Some common metallochromic indicators and their useful

pH range

Indicator Useful pH range | Useful for
Calmagite 9-11 Ba, Ca, Mg, Zn
Eriochrome Balck R | 7.5-10.5 Ba, Ca, Mg, Zn
Eriochrome Blue R | 8-12 Ca, Mg, Zn, Cu
Murexide 6-13 Ca, N1, Cu
PAN 2-11 €d, Cu, Zn
Salicylic acid 2-3 Fe
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- o (TN T |

Faown volume of standard Mg~
1+
\x‘l‘-\.\\ 1

24

Mgha™
[ ]

n4 n+
M  +#EDTA = MEDTA
4 24
Exeess Mg~ + EDTA = MgEDTA

. 24 (R
EDTA + Mgln = MgEDTA +In’

il el e b Wiy Cua o metal ion ) Jslae ) MgIn® 4l (b
J) g Jelily EDTA ) las &ay,kall s28 s « (blank experimend) ialzay)
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el Ak e el 5l sa Tauan Ul e
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EDTA ——i o

. of [T T

2+
Mg-ED'TA

i

= 2+ 3-
['..{IH + EDTA = M-EDT Au-l- EDTA + Mgin = MgEDTA + In

n-+

2 n+ 24
MgEDTA " + M"™ = MEDTA + Mg~

o 1

Mg~ +In” =MgIn

rol Cua ¢ duilia) cilghad ) dalay bad Wl 45l o3 cpulaa (g
mmol EDTA = mmol metal ion

e e hagie ud MgIn® axaieedl complex J) of Al (<)

Ein c Mg™ e Qi) e gsing @) EDTA U1 (e il Jslae aladial (€
¢Mg®" Il Caulie IS lasiad Siyg « (MGEDTA) complex I Mg™ O Jssy
EDTA J) o « MGEDTA JI e dygindl EDTA J) e ciloas 3,k Jf ic
complex J) ) Jsladl i metal ion J) ge Jeliti MGEDTA J) b 335854l
Jeliy 3 M@™" O jyasy @iy ¢ (Bla ST 55l metal ion J) ge (Sl
bl g o ) Jslaall b i G o (MgINT) ) sl JJaad NV U1 e
J o EDTA JI oli aledll ddass 2y EDTA ) (e 0Ly ddais Jof 2ic «
el Ak ) Jseasll e YIa Jslaall (5 i InY J) 35k s MGEDTA
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24 2
MgEDTA 4+ EDTA MgEDTA 4 EDTA

g o ]

- 2+ A
M™ 4 EDTA = MEDTA EDTA + Mghn~ = MgEDTA 4+ In

24

n+ 2
" _ MEDTA + Mg

MgEDTA™ " + M

2+ L1 -
Mg + W = Mgl

O 355 o B3 ) sLY) g il V) ¢ Al Bilee Bl i 5,89 iyl
Al MgZ" ) (pe AL 400 43Ln) 2y EDTA

metal J) ss EDTA J) Ciplaag clfil Allaiall cililaally Jlaad) Ja ) duilly L]

tok Lo LLaeY) cpmy 32l o cany a3lé ¢ Ons

¢ oS Jeld sypa e (0 Jeld o LaS (IS slsu) Lol Jelil) 41 S5 .1
ol e Wil o5& Complex ) o sinay

lehe Cpme sha dsase (05 Laily a3ls pH ) Gawsy Bai EDTA (Y7) OV N .2
e Wy ¥ complex J) ¢Ka oli Gy ¢ @yC, sils ¢ sysall o2 e
N xie YV Ul s metal ion J) e o giie <iluaS

s WS LS wha Jif o588 Wils EDTA J) g metal ion sylas <Dlels 5 .3
Gaaall A0V 3 Qlal b, (quantitative) clplad) a4 JW
cOsSially agall Aladl) SSLA Gluad I sskad ) 8 &5 ey ¢ g 5Sally

rdgial) Adlesal) Ja ) I ¥

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. o4 at pH 10 is
0.35. ke = 5x1010

t b LS ¢ 1:1 4y metal ions JI g Jelins EDTA J) of Lty S




Ca’* +Y* S Ca¥” ke=5.0x10"
EDTA ) ¢ 0 mL 4oL sic :Y
P LS o3 Cum ) 585 e s g dlla
[Ca2*] = 0.10 M

pCa=1.00
EDTA Jl ¢w 25 mL L) ie Ll
Sl Jelal) A plaw o Ay
10 25 0
Ca* + Y* > CaY*
7.5 0 25
7.5/125 0 2.5/125
1OV YD 2 dgladl) 580 il Gl 583 ¢ a3 (4 g
7.5/125 0 2.5/125
Ca”* + Y* s CaY*
(7.5/125) + x X (2.5/125) - x
0.02 -x
5%10°= ( )
((0.06 + x)* a4 X)
X Aad e Jianidlazall dans ¢ 0.02 >> x O il
x =1.9x10™"

s—w\ms)cJSMJ&YM\M\MU\@;‘&Mwﬁ\u\@a\)j\wj
[Ca*]=0.06 + 1.9x10™ = 0.06 M

pCa=1.22
Leie ¢ Jiladl (ye Tane Lelai (815 i) (e ¢ 3ol 138

1. Find the concentrations of Ca2?* 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. o4 at pH 10 is 0.35. kf =
5.0x1010

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. kr =
5.0x1010




EDTA J) ¢ 50 mL déla) aie WG
Sl Jelal) A plaw o Ay
5

10 5

Ca* + Y+ - CaY*
5 0 5

5/150 0 5/150

tO) Y 2m Aladll 580 ) ol w685 ¢ & (e

5/150 0 5/150
Ca”" + Y+ s CaY”
(5/150) + x “x (5/150) - x

5
1 ()_ ((150) - X)
5¥10" "= =
((Fgg) + ®* asX)

X e e Jumnd Ailaal) Jags ¢ (=) > x Ol s
x = 5.7x10™
fir 10 g ¢ SN ST Y ) Uadll A Gl G ¢ daaia G il (O el 1) (e
[Ca2+] =0.033+ 5.7x10-11 = 0.033 M
pCa=1.48
Leie ¢ Jiladl (ye Taae Lelai (815 Alial) (e ¢ 3ol 138
1. Find the concentrations of Ca2?* in solution at equilibrium
resulting from mixing 50 mL of 0.200 M Ca2+ with 100 mL of
0.05 M EDTA adjusted to pH 10. o4 at pH 10 is 0.35. kf =
5.0x1010
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. ke = 5.0x1010

EDTA J ¢ 100 mL déLa) sic :lay,
Sl Jelal) A plaw o Ay
0

10 10

Ca* + Y+ -> CaY”
0 0 10
0 0 10/200




0 0 0.05
Ca* + Y+ 5 Cay?®
X a4 X 0.05 - x
0.05-x
5*1010:—( )
((x)* aq x)
X dad e duasiAiladl das ¢ (0.05) > x o) g
x=1.7x10°M
feir 13 g ¢ SN ST Y ) Undll A G Caa ¢ Aaaia G jil) (el 1) (g

[Ca%+] = 1.7x10°M
pCa=5.77
- Jie ¢ Jiladl (pe Taae Lolai (815 Alieall (e ¢ 3ad) 138
1. Find the pCa in a solution resulting from mixing equal volumes
of 0.1 M CaClz and 0.1 M EDTA at pH 10. o4 at pH 10 is 0.35. ks =
5.0x1010
2. Calculate the pCa of a solution at pH 10 after addition of 100
mL of 0.10 M Ca2+ to 100 mL of 0.10 M EDTA. a4 at pH 10 is
0.35. ke =5.0x1010
EDTA J) ¢ 150 mL 4iLa) sic :Luald
Sl Jelal) A plaw o Ay
0

10 15
Ca2+ + Y4- > CaYZ-

0 5 10

0 5/250 10/250

Y da Adedl) 51 Ol s ¢ &5 e g

0 5/250 10/250
Ca** + Y+ 5 Cay?

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

10
51010 = (Ggg) %

(x)* ay, ((%)+ X)




x el e o el o« (520) > x O s
x = 1.1x10-10
i 138y ¢ SN S Y el Undl) Al () Cua ¢ Anpnia A ll Of el 5l (a9
[Ca2] = 1.1x1010 M

pCa=9.95

s ¢ il (ge Taae Ll (180 ALl (e ¢ adl 12a

1. Find the pCa in a solution resulting from mixing equal volumes
of 0.1 M CaClz and 0.15 M EDTA at pH 10. a4 at pH 10 is 0.35. kr
= 5.0x1010

2. Calculate the pCa of a solution at pH 10 after addition of 100
mL of 0.10 M Ca2+ to 150 mL of 0.10 M EDTA. a4 at pH 10 is
0.35. ke = 5.0x1010

EDTA ) ¢« 200 mL Ll sie :ludla

Sl Jelal) Al ¢ Al
10 20 0

Caz+ + Y4- - CaYZ-
0 10 10
0 10/300 10/300

OV Y 2y Alaal) 3S) gl Ol asi ¢ o5 ey

0 10/300 10/300
Ca?" + Y+ S CaY”
X @, ((10/300) + x) (10/300) - x

(Gap) - %)

5% 1010 =
(0= a4 (555)+ )

X Aad o Jiast daleall Jaag ¢ (%) »>> X o) i
x =5.7x10-11
L_;J’-’\Mjcﬁma\&y‘ﬁﬂ\w\uﬁu\u}cm@ﬂ\u\@a\)j\UAJ

[Ca2*] = 5.7x10-11 M




pCa=10.24
- ¢ il (g Taae Ll (1< i) (e ¢ adl 12a

1. Find the pCa in a solution resulting from mixing equal volumes
of 0.1 M CaClz and 0.2 M EDTA at pH 10. a4 at pH 10 is 0.35. k¢ =
5.0x1010

2. Calculate the pCa of a solution at pH 10 after addition of 50 mL
of 0.20 M Ca2* to 200 mL of 0.10 M EDTA. a4 at pH 10 is 0.35. kr
= 5.0x1010
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i ¢ ligand J) e e 585 25m5 & COMplex i e 48Saal)
Ag'+NH; S Ag(NH3)+
Ag(NH3)Jr +NH; S Ag(NH3)2+
:ol sl oS
Cag = [Ag™1+ [Ag(NH3)"] + [Ag(NH3)3]

: ok WS ¢ ligands J) saaie complexes J) dillas 8 38Saall ¢ Bal) oy (Sadl (e

:&ua ¢ 3o ¢ ligand Lﬁi s gy Y Lﬁ.ﬂ‘ el ]
[Ag™]
Cag
:dua ¢ aslgligand e goinn A g3l 2
[Ag(NH3)"]
Cag
Cus ¢ ligand J) e G e gsiag @il o3l L3
[Ag(NH3)}]

1=

Bo =

B =

Cag
LJT G s



Bo+Bi+pB=1
JS iS5 ln QISRY L maeay 43ld ¢ oY) oda (e S ABDe dlayl (e LA 51 ¢ (V)
Bo ) wlual il oy Jslaily ligand J) by o 385 ol die ¢ eBaY) e e3a
P & (sl ¢ e

Cag = [Ag™] + [Ag(NH3)*] + [Ag(NH3)3]
Al Al Y Jsaall Sy 438 ¢ oMol A 8 (aysaills « Ky 5 Ky aladialy
Cag = [Ag*] + kf1[A.9+][NH3] + kriky, [Ag*]1[NH;]?
ey
Cag = [AgT1(1 + k1 [NH3] + kg1 kpp [NH3]?)

CAg _ 2 _
[Ag+] =1+ kfl[NH3] + kflkfz [NH;]* =

1
Bo
:ui }i

1
1+ kpy[NH3] + kg kpa [NH5)?

Bo

tob Lo o llaad A e hal) Clual clle ) Jpagl) (Al Guiiy) Wila Sl

ks [NH;]
ﬂl = 2
1+ k1 [NHs] + kakyo [NH]
keiker[NH3]?
B2 =

1+ kg [NH3] + kgykpp[NH3]?

a3 IV sl b By U Als 8l W ¢ Qi) i e Jeas Lty Wl
Gsing @Al S aal) 68 By JV Ala A L ¢ (aslsll) ligand ) e gsiay Y
G ) g Tandls By I Al b asli G ¢ (kpy [NH3] J) sf) as)s ligand e
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LS ¢ Sad L BES 9 ¢ Jawe JSG ¢ complexes I dglie e ol (Say
¢ Yyl aliall sy Y aens Wils Cu(NH3),>" J) Jie complex i f, leie ol dle
ligand JI ciligia 22 gt of ) S5 IV edall (as€i 5 chas ¢ 1 (el el
rol Jsil) (Say Gl ¢ Alall oda b dxy)l 4

denomi nator

=1 + kfl [NH3] + kflkfz [NH3]2+kf1kf2kf3 [NH3]3
+ kflkfzkf3kf4[NH3]4

:Lﬁjm ﬁo LAT
B [Cu2+]
BO - Ccu
1

Bo

1+ kg [NH] + kpikp [1v11r3]2 + kprkpokss [NH3]3+kf1kf2kf3kf4[NH3]4

A QU ) ]
1. Calculate the concentration of silver ion in solution when 20

mL of 0.05 M Ag* are mixed with 80 mL of 0.15 M NHj3 solution.
Kf = 2.5x103, ke = 1.0x104

Sl Jelal) A plaw ¢ Al

1 12 0

Ag’ + 2NH; - Ag(NH;),™"
0 10 1
0 10/100 1/100

1OV YD dm dgladll 580 il Gl 583 ¢ a5 (g g

0 10/100 1/100
Ag’ + 2NH; s Ag(NH;),™
X ((10/100) + 2x) (1/100) - x

K = Kkp1*kez = 2.5%107
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[Ag*] = 4x108 M
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1
1+ ke [NH3] + kpikpp[NH3]?

Bo =
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[Ag+] = BO*CAg

0.05%20

= 4*108 M
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init. mmols 1 12 0
reaction Ag’ + NH; - Ag(NH;) "
final mmols 0 11 1

1Al s yall 8¢

init. mmols 1 11 0
reaction Ag(NH3) "™ + NH; - Ag(NH;),™
final mmols 0 10 1
Final conc 0 10/100 1/100
d‘} Ag(NH;),™ d\} Ag’ d\ LE}‘A-’ Lg.ﬂ\ u).f}(\ ?\M\ LA‘ a\.\.ﬁ}[\ (.@_A\ %) USS

F S Gl aladind (e palie Wy o OlY) e Bagage lgmaen dlgall @l oY NH;




Agt  + 2NH; 5 Ag(NH;),™"

Az ) e il S Glaa 3 4e )l vie Jpeanll aadiad) 8 Joasdl GIY1 o
Agalie Al T 8 metalion Gl 4 «

tleiag ¢ Jall Guit b Al Jilusall (g0 230 8 Sl Saall (e

1. Calculate the concentration of the different ion species of silver
for 0.010 M Ag* in a 0.12 M NH3 solution. Kr = 2.5x103, ke, =
1.0x104

rdall diph uds aii (g)a0 Allaas

2. Calculate the concentration of the of silver ion in a solution at
equilibrium of AgCl in a 0.1 M NHs solution. Kn = 2.5x103, ke, =
1.0x10%.







Sl Juadl
Gt i) )l g Do LA i)

ot bl Anmd O il Gl Lo sa il Cilplaay Lo i L 3 geaiall
e Lalaall Y] by Tadly oy 0S8 DA & L3 clplaally ¢ oLl
Oo O Adlide gy eV il Sadl e s sl 8 (sl Aaad #OLY)
b 5 Lahsd clea @ Gy ¢ (S LaSi caa) LY B dlas gl
t el

bl Ll s Al

(common ion) i sl asas A Anbsdl .

1

2

(diverse ions) i) wlisd e due clis 2 3 Anlsal .3
e dgag A Anbdll 4

5

complexing agent sy & AL .

o 4alisd dapy o diad adiad ¢ ofF) ol oLl b gLl mas mle JSI ) aslaal) (ga
188 Aey 55l Jolaall 8 AGCI(s) J) (e b5 AueS i de isd ¢ kil Ll
ol Ui ey mlal) gl ¢ N1 ) Jseasl

AgCl(s) 5 Ag" +CI kep = 1*107°

=Sall Jelill Janal Lsle  ale) Jeliil) Jae oy of ) lisdll ldl) ey Cam
(Sl Y1 Ak ) Jgeash) s )

sl S i daala g5l die Y) Gany YY) o Laseda (5% of cona WS
polesdl) il Lglase (¥l 230 (g5l Y e 5 0)

Ksp = [Ag'IICT]
AU YA aad Gaa Saal) e il AT Jslae ) CF L) die ¢ adle

Gy 05 Y laies ¢ Ky ) e 8 AGT[CT] iyl deals 00585 o -1
e Jslae e Juani ladiey ¢ Kyp OV liglss [AG[CT] capal) Juals o5& ¢ 22




¢y 058 e 2 Y e ¢ Koy U e ST IAGTIICT] oyl Jala o5 o 23
t0sSs Of e Ly i) (g (Al Camy
Kyp = [Ag'TICI]

alall e ¢ dallaall @l g 1650 (he 3 IS (8 Gl Aagas Y1 Gl A Tasl Y
: EAK 5 J > * ". Q Bl K ‘j_.] ..;
Lsd asms o dliall DL LI (pupan Ll

A s lal) Jslaa B ilyd) oYl
1. Find the solubility of AgCl (FW = 143 g/mol, ks, = 1*10-19) in pure
water. Report the solubility in g/L.

Jall Wl ¢ @iy CIA Jlgad) 8 Uiy ol Lo ¢ i) oLl 8 V) Gy Ll Lty 3

0 0
AgCl(s) s Ag’ + Ccr
S S

ks = s*s

S Aad alagly Aabaall da (S
s=1+10"M
WD) 8 Al ey iy (/L) ) Ese e Sasnll (Sl (e
S=1%10"°%143=1.43*10"g/L
t e ¢ Jilual (e Taae Lol 8185 Aliall (e o3l 120
Find the concentration (in g/L) of dissolved AgCl in the solution

resulting from mixing 10 mL of 0.1 M AgNO3 with 10 mL of 0.1 M
NaCl (neglecting the diverse ion effect).

roal alla Y bl aall a5
2. Find the concentration of dissolved PbBr2 (in g/L) in pure water
(FW =367 g/mol, ksp = 6.6*10-¢). Find the [Pb%*] and [Br].




PbBr,(s) 5 Pb* + 2Br
S 2s

ksp = s *(25)? = 45’

S Aad dagly Aalaall da (S
s=0.012M
FW (8 Ap¥sall oy A3 (8/L) A Ap¥se e dasnill (Saall (e
S =1.2%1072*367 = 4.34 g/L of dissolved PbBr».
[Pb2*] =s=1.2¥102 M and [Br] = 2s = 2*1.2*¥102 = 2.4*102 M.
t e ¢ Jileall (g Toae Lalas £ 1S5 A0l (pe £3al) 12a

Find the concentration of [Pb2*] and [Br-] in the solution resulting
from mixing 10 mL of 0.1 M Pb(NOz)2 with 10 mL of 0.2 M NaBr

(neglecting the diverse ion effect).

e sl Jslaa b Aligl : Ll

3. Find the solubility of PbBr; (FW = 367 g/mol, ks, = 6.6*10-¢) in a
solution containing 0.1 M NaBr.

0 0.1
PbBr;(s) s Pb** + 2Br’
S 0.1+2s

ksp = s*(0.1+ 25)?
0.1 3> 25 ¢f iy dlldy 5 dad slagls dlaal) s (o
s=66*10"*M

Pb2+ Jl 385 (gl Al of SAL puaal) (g




[Pb2] =s=6.6*107* M

aley ¢ (%1.32 Jsa) 584 oG Y o) Wadll o) Cun ¢ dapmia aokally Gl
JEall g dagitll ()l8) piall o) asmy & J8 Allad) 3 saly g8 LS Al dll b
(4iaee 52

P ¢ Jilaal e Taae Ll £ 8185 Alall e o)l 1a

Find the concentration of [Pb2*] and [Br-] in the solution resulting
from mixing 10 mL of 0.1 M Pb(NO3)2 with 10 mL of 0.4 M NaBr
(neglecting the divers ion effect).

tAT Jha ) il

4. Find the solubility of AgCl (FW = 143 g/mol, ks, = 1*10-19) in
presence of 0.1 M NaCl. Report the solubility in g/L.

: IS ¢ Jpanl) el fas

0 0.1
AgCl(s) s Ag’ + Ccr
S 0.1+s

ksp = s*(0.1+5)
0.1 3> 5 of sy cllys 5 i slads Aolaadl o (S
S=1+x10"°M
Agt U 385 skt bl of SAL sl (g
[Ag]=s=1%10""M

5 LS Al ldades ¢ S A Y aail) Uadll ) Ca ¢ Aaaia adally A ills
Jid) we dagill 0)8) Slpsd) V) apms b las jaS OS5 08 Ald) 3 qunl;
.(d;ﬁ\

s=1%10"°M
FW (g a¥sall oy s (g/L) ) A¥se (o disatl) (Saall e

s =[Agt] = 1%107°*143=1.43*107g/L
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Find the concentration of dissolved AgCl in the solution resulting
from mixing 10 mL of 0.1 M AgNOz with 20 mL of 0.1 M NaCl
(neglecting the divers ion effect).

(Diverse ions) 4y clisgl o ssiad A0 Jallaall 8 dledt) -l

b el 48 A el SO e Al cligl) dlb dgall bVl gl G S
g 4 ¥ Ll de ledany Los ¢ Aysd sacliy (58 (man (e Sheal 43Sl Ll
sl b oLl s AGCT J) Daad ¢ clall b lsdl) dass sald) ol e daslal
Ciligh old Jalbs ¢ oY) s L) 8333 G585 CF 5 AGT J) (e AL BaeS b 4le
dalall )l il e A e il it gl Ly CIO, s NO; 5 Na™ )

5|«
5. Find the solubility of CaCOs (ksp = 3.4*10-°) in a solution of NaCl

where fca?*, fcoz? are 0.83 and 0.79, respectively. Compare the
calculated solubility with the solubility in pure water.

Ay il clisl) 359 & LSLsY (a

0 0
CaCO; (s) 5 Ca* + CO,”

S dad ALH!} daladd) da S
Ksp = (S *fCOSZ_) * ( S *fCaZ+)
3.4%107° = s% * 0.83*0.79

s=72%x10"°M




Al slal) B 4Ll (b
OSay & (a9 ¢ foirt = fooi =1 Gl Jullg ¢ agyall Gl agag ¥ ¢ Allall 528 <
tsl LS Y1 el 4
3.4*10°9 = s*s
s=58x10">M
fol LS ¢ Ayl i) agms Al Alsdl) 8 5al3l A s (Sl (ga

%i ncreasiensol ubi lity

__ solubi li typresenceof di ver sé ons-sol ubi li t ywater 100%
o solubi li tywater ) 0

7.2%¥107°—5.8%1073

%increasiensol ubi l i=ty = 5e10=S x100% = 23.5%

5328 5 dage 5315 Lansi e AlysAl) 8 50l o3a
P e ¢ il (g Taae Lalas £ 1S5 ALl (g £3all 12a

Find the concentration of dissolved CaCOs in the solution resulting
from mixing 10 mL of 0.1 M Ca(NOs3): with 10 mL of 0.1 M NazCO3, in
presence of NaCl, where fca2+, fco3? are 0.83 and 0.79, respectively.

(At low pH) (aas 35a9 3 4lsdll clay)
Gall (s A ALY el ¢ eld) 8 olsill Aagad ZOLOU Al uE (alal)
Wyt s « AGCN, CaC,0,, CuS, NiCO;, Jis ¢ Cipua ass (o Wild i s2c
casall S5 sale s bl 3 paclall 3l many Jlaall 8 Gmeall dgay oY Adalay ¢
tel LS e dgmg 8 asanallSU Ciligy S a0 e L AglsA) (e i Les ¢ Cieuall
CaCOs(s) & Ca** + CO5*

t sl Gaeal) (e HY Ul pe delim ciligg U o V)
AN L Jslaall pH J) e S Gaign s ¢ €055 J) ) ddla) H,CO5, HCO5
POH Gaes a8 4l Al S Jl oSy

[Ca®] # [CO5”]




Ccoaz- = [H,COs3]+[ HCOs [+[ Coaz-]
:Qiq_;jci\ﬁ,;éal\g‘ Sl g
[CO5] = ay [Ca™]

1 Jla
6. Find the solubility of CaC204 (ksp = 2.3*10-%) in presence of an acid

solution at pH 3, where a; is 0.057, and compare it to the solubility
in pure water.

0 0
CaC,0, (s) s Ca** + C,0%F
S azs

iy Lin HC,O, 5 HyCyOy  aail meall s Jelii G047 U1 o aglaal (5a
.02 8 dd\.:u” c-‘)aj\ \.JAJ ¢ C2042_ ’é)j.a.a ‘_Ar_ LG_\ALSB ;.j_;

ke, = s* a,s

Sp
1S Aad alagly Aaleal) o (Say dus
2.3*107 = s * 0.057
$=20x10"*M
tok WS oY)l A0Sy elldg ¢ Al oLl 8 Al alay) (Saall (e
2.3*109 = s*s
s=48x10"°M
tol WS ¢ pH 3 aie (meall agms Al 8 Alsil) 8 50l dat Cles (Sl (e

%i ncreasiensol ubi lity

__ solubi li typresenceof di ver sé ors—sol ubi li t ywater 100%
- solubi li tywater ' °

2.0x10"%-4.8%1075

%increasiensol ubi l i=y 1610 ¥100% = > 300%




Aax 5y it Al 3 5230 oda g
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Find the concentration of dissolved CaC204 resulting from mixing 10
mL of 0.1 M Ca(NO3)2 with 10 mL of 0.1 M NazCz04, in presence of an

acid solution, adjusted at pH 3, where a2 is 0.057, and compare it to
the solubility in pure water.

Complexing agent 1sag 2 &g :luals

¢ (Ul yran) (gl Bh (el orad) aels BE e mlal) &G Losale
complexing agent (ligand) s Je\&y 3 &hls (metal ion) oz=esll 34,
J ae del@lll & metal fons J) e S Dl & A ¢ complex <l ulia
Wl Al e o B San free metal jon Q) S o jmy e o ligands

Y Aol LS die 4 LA g W st ¢ S (gsbadin

tb LS ¢ Liga) Jie fligand ssas b damill a6 i
AgCl(s) 5 Ag” + Cl
tslaall b L) e Joliy dadll ysdf oY)

Ag+ + NH3 S Ag(NH3)+
Ag(NH3)+ + NH3 S Ag(NH3)2+

SN LAG(NHs)," 5 Ag(NH3)™ 5 Ag™ s ¢ Adbiadl) daill ¢l o Juans il
POl LiseY) dsa 4l 2t IS Jal oS

[Ag'] =+ [CT]
ol s
Cag = [Ag'T+[Ag(NHs)'J+[Ag(NH3),"]
s ols Uil
[Ag’] = Bo [CI']
1l




7. Find the solubility of AgCl (ksp = 1*10-1°) in a 0.1M NHj3 solution,
where [, is 4*10-6. Compare the result with the solubility in pure
water.

0 0
AgCl (s) s Ag’ + Ccr
Pos s

six ¢ Olsdly AGCH J1 iy Mg ¢ Lisad) pe Jeliy il AGT J) ol alas LS
C AL SIS e e o W Y vie AgT U S5 gl ades ¢ Y ) Jgeasl)
(Bos)

Ag+ + NH3 S Ag(NH3)+
Ag(NH3)+ + NH3 S Ag(NH3)2+

Ksp = 5*Bos
§ dad dlagls dsled) Ja oKay
1*¥10-10 = g2 * 4*1(0-6

s=50%107M

tok WS oY)l A0S elldg ¢ Al oLl 8 Al lay) (Saall (e
1*10-10 = g*g
s=1x10">M

tsb LS ¢ Al cligl agay Alla A Anbsdl) Jdsall) A lua Saall e

%I ncreasiensol ubi ty

__ solubi li typresenceof di ver sé ons-sol ubi li t ywater 100%
o solubi li tywater ) 0

5.0¥1073-1%1075

%i ncreasiensol ubi | i=ty. T «100% = veryl arge
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Find the concentration of dissolved AgCl resulting from mixing 10 mL

of 0.1 M AgNO3z with 10 mL of 0.1 M Na(l in an ammonia solution
where By = 4*10°.

(Al O iy (B Laag

gl e 2sas S da .1

Diverse ions J) 2sas A Ja5 .2

(as the pH is lowered) jass 35a5 A Moy .3

Complexing agent (ligand) ssas & Jay .4
(precipitation titrations) cuwill Ciplas

o ity Lo lgie Gopdin alad OS85 ¢ bl Bagane gd ¢ gl Cllae Wl

.ClI, Br, I, SCN U au}j e (argentometric titrations) Ag" J Gl plaa

b Cibilaall G g sill 13gd 850 fia (3l AU lliag

Mohr 43, b .1
Ly b byladl dlee eha) e 2 Vs ¢ aIES AGCrO, J) aladiad Ly L
¢ AGOH JI o< hlas ae @) Janssl) b el ¥ Aadl] Clplae (58 ¢ Jalaie
plae splad) iy . meall gl 3 AGCR0; N ekl ety Lay
b8 Jolae alasinly 585l Jsgae 25l Jslaa 3ylaa sale Sy Cua ¢ 3580
AgNO; J) e




Find the concentration of chloride in a 10.00 mL solution if it
requires 12.68 mL of 0.1033 M AgNOs to reach the red color of
Ag2Cr04.
1:1 Ay AgT ) e deliny CF O o Gam mmol () asgie addinss ¢ gy Jall
mmol Cl- = mmol Ag*
Mcr * Vo =0.1033 * 12.68
Mcr * 10.00 = Mag* * Vag*
Mo =0.131 M
Mohr 4y h 8 axiicall ALY @B 580 Glua
e yea¥) ol sels Ay dray Laa ¢ Bytall 303 KoCrOy JI sl o) ol ¢ o)
¥ s RISl 5858 Apea Y Aalay Wil Jls gl Jes ¢ Suall Cuaa Al Al
oSy @y Jaily LAl Adats ae 58S Ak B Ladie gl ¢ jhea plaia Uas )
s Y (S 4l Gum ¢ AGNO; Jslae alasinly a5 sylead 2000 Zalledl) & i)
rosSe Ladie ol i o) camy Lails Uas (5 llia

[Ag*] = [Cl] = (Ksp)1/2 = (1*¥10-10)1/2 = 105 M

il sl ae IS el Ladie o5l (55 LS
Ag,CrO, 5 2Ag" + CrO,*

Ksp = [Ag*]? [Cr042-] = 1.29 x 10-12

[CrO42-] = Ksp/[Ag*]? =1.29 x 10-12/(1 x 10-5)2

[CrO42-Jat end point = 0.013 M

Cie Ly Alel) Al die aaall Gl ¢ Cpslaia WIS Gdlly alyslSU 585 of L i) 13
oS1.0.026 M sl ¢ odlef daill Cann o5 o cany allSH LY 5850 of o
385 O Lavie jaal) sl sels Ay S oS Y Cua ¢ Taa Wle i 5850 13
2.5%107M J1 5slaiy ¥ 585 CallSl alasiad L 13gly ¢ (pimall 1) Wl ol




dee Gob o ade Qlil) cKadl e oS0 e Uad ) oo Anlledll 3 o aany
U aaall e dpaill @l e Ul aaall jad S S ¢ L CoSKY blank titration
oo o) Wasll o ¢ blank titration ) Jee &y &l 5l s 4l Y] ALY bylaall o
sie gl e e sl axe e ol Uadl) e 58S J8 LBy Caide (RIS Hladiul

Casll gyl S aladinly ¢ Al Al

Fajan 43,k .2
CallsS wlivie al ) fluorescein J) aaaiu) Ly Al eda g
Al Al & (pH ~ 8) doac W) Q8 daws 4 by (Adsorption indicator)
al alaain) & 13 dpada S dasy Hladiul oSe Wi fluorescein J)
) Jaussll 8 Al L Call€l) Jany of pgall L 2ISS €057 J) Jie il
Cilplas g b clldy Ul gaeld Jaws Hladinl s ade Jlie¥) Gy Y
el Jlall i aiiys ¢ 3yl splan Liiay Liadl Cilplaall (o g5l 12a 5 . (Auadl)

) ) il e e Cadlsll el Jeaty Cum ¢ llall 3

Volhard 43,k .3
dslae M AGNO; J) (o 5205 4aS dil) eDIS i ¢ pdlo e Sples 85
ol Jolae oazinly AGNO; Jf G 53l Bplae iy o (sa5 ¢ (Bia) 500
S e ol e aigd Joaty @A) FETT oSl agag b dlldy SCN ) (e
¢ Sl o gl 13gd llalial sae 38T e o Yy LAkl A xie sl
tLganly
o s Sl 08 sl oY ¢ lamala bl oS o o (@
(2 o 8 PH aladind aag ¢ Adaal) 3) Jalaial) Lol
AGSCN Q) oy &y back titration J) Jee J8 Jslaa)l madsi cany (0
J e SCN Q) delay o cSadll ab Jullyy AGCT J) e Al Ji
Aamaa e Sl Glluall Jeag Laa ¢ (oY1 s5laal) 3 o sSill AgCY




Jie oLl 3 ¥ dygume 5l Ail) el dilee (o Yy (Sadll (e
Je g ¢ ) e gany ol Jdaall g nifrobenzene )

C Jsladl & SOV J) e )l
e Jrag 88 ¢ il and SN o5l GY blank titration Jac Juaiy (C
Sl o) ¢ LA Lo (bpally 4l dhs xe) el 8 )

Volhard 43,k A Cidlsl) 5us58 qlea
tsSe O an ¢t pylaie Uad e Jiass (S ¢ kgl ddads die
[Ag*] = Csen

:SCN- J) S3S 5 g sane gsbon o aag Aadl) 5855 of Jsill oS Jullys

[Ag*] = [SCN'] + [HSCN] + [Fe(SCN)?*]

tol Cuag
HSCN S H* + SCN-
H*[SCN
K, = [H*][ ]= 01
[HSCN
Hlads
k
Agt] = —2F
[Ag”] [SCN

t dymasll (S a3lé « Volhard 3syyh o550 pH=2 sladiil (= e

kep . [HY][SCN
[SCN]—[SCN]+ .

] + [Fe(S CN?**]



Ll A vie Y Fe(SCNZY J) oy nd Saall (e 4ald ¢ dalaal) Zoalil) (g
eing ¢ [Fe(SCN?*T] = 6.4 x107°M s<s Laie

1.1 % 10712 0.01[SCN]

= [SCN]+

[SCN] 0.1 +64+107°

sl Badl ¢ Aaleall Jang
[SCN]=177+10"" M
to) dus ¢ ¥
Fe’" + SCN” 5 Fe(SCN)™
Pl dyasl) (e 4ild

_ [Fe(SCN**]
I [Fe3*+][SCN]

= 1.4 %107

fele deand ¢ il

6.4 % 107°

1.4+10% =
i [Fe3*] * 1.77 % 107

psp adldll 55 o o Lesag
[Fe3*] = 0.26 M

OV sea¥) sl seds Al udt Sa Vs ¢ aBld el il o5l o aslaall e ¢ oS
Vi Y el Jal e . ailSl e Jle 385 d5ay b« Algll A vie Fe(SCN)>
Calad) Wadll o V) ¢ Wadl) ddin e a2y . 0.002 M e 3N 585
@il Sl aladi) vie ade Juans A Wadll e S J8 Gl S5 Jal

(ARl ) Casy

;A8 ) o2 aladiiady Lplua Ul Ja B il (¥



A 10 mL of a chloride sample was treated with 15.00 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)2+ 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 Cl-
mmol Ag* back-titrated = mmol SCN-
mmol Cl-=0.1*15.00 - 0.06*5.44 = 1.174
Ma =1.174/10=0.1174 M

g/LCl=0.1174x355=4.17¢g
s i) prlaad Apload) Aatlaally §ylaall ciliiaie

&f) px I o A Jiey Jaial of Jall Sad ¢ Al Cllaal) s Al
Cladl AGNO; J) aasg (X= CT, Br, 'or SCN™ &ua « —log[x]

104

pd

T T
aQ 10 20 30 40 50

Violume of AgMO 5



Al s3a Ay ¢ Gladl AGNO; Ul ass as PAG assy Saall (e ¢ Glal) Gany s
il Bl dan Calgsy L oX J ey Al il e shall Bysa sl (S
:L').DJGJ; lghas g

Sl 3ok 388N daw Aoy Cuan ¢ E e Wiall GfyS i L1

12
A 1—
B M -
10 = S -
"--.___‘_‘_\_ :
C____‘m \ Concentrations: A>B>C
"'--_._H_-‘
8
2 6
=

4 \-\“ —-._______‘___‘___3 C

B

0 2 4 & B 10 12 14 16 18 20 22
Valume of AaNO. titrant. mL

Al sl s 08 LS 5380 e 303 Cuay ¢ Al culs L2

16
- e {1
- o
12
Br,spxio]? 4
4
10 e ———
= I, 1.82 x 1qQ-'°
a 8 T e
|
[
4
—
2 L -
1]
0 2 4 [} B 10 12 14 16 i8 20 22

Volume of AgN O3 titrant, mL




G i) Gl cliiada Glibua

A By ¢ Spleadl clilua £l bl o Gueasil) Glplae Gliiaie cllua el
A Jlal)

Find the pCl in a 20 mL of a 0.10 M CI- solution after addition of 0, 10,
20, and 30 mL of 0.10 M AgNOs. Ksp = 1.0x10-10

AgNO; ) i 0 mL 3iLa) sic :Yi
PCl =10 oS5« 0.1 MO Gsln iy Gun ¢« CF J) 385 s ¥

AgNO; ) e 10 mL déla) s il

ol LS ¢ LS 2yl e AGVO; 1 Jeliy ¢ ) 3

mmols before addition 1 2

Quantitative reaction Ag’ + Cr - AgCl (s)
mmols after addition 0 1
Final Concentration 1/30

B s i ey ¢ oD (e Riie daeS e (g ) Jslaal) of gl (e
) 2ns Al

mmols before addition 0 1/30
Quantitative reaction AgCl(s) = Ag’ + Cr
Final Concentration S 1/30+s

ksp = [Ag+] [CT]

1
ksp=s*(%+s)

s 1 s .
Ol - > 5 O sy
s=3%x107"°

et ¢ dana dpajdll o Gla Y,

1
Clr'l=— M, Cl=1.48
[CT] 30 p




AgNO; ) i 20 mL déla) sic Gl

ol LS el ¢ LS sl o AGNO; ) delity ¢ 3ol 3

mmols before addition 2 2
Quantitative reaction Ag’ + Cr - AgCl (s)
mmols after addition 0 0

Oo Jslaall (b sl GaaS Ay Gy adles ¢ Al Al a3 o sl (s

RO
mmols before addition 0 0
Quantitative reaction AgCl(s) = Ag’ + Cr
Final Concentration S S
— + -
ksp = [Ag™][CT]
ksp =5 *(s)

s = /ksp =10"°M

[CF]=10"5M, pCl=5.0

AgNO; ) e 30 mL iéla) sic :\ay,

ok LS ¢ LS IS0 e AGVO; ) Jeliy ¢ o) 3

mmols before addition 3 2

Quantitative reaction Ag’ + Cr - AgCl (s)
mmols after addition 1 0
Final Concentration 1/50

Ly oy ades ¢ AT e Rt S e (gging @l Jolaall o qualsl) 0
PO ey Al S

mmols before addition 1/50 0
Quantitative reaction  AgCl(s) = Ag’ + Ccr
Final Concentration 1/50 +s S

ksp = [Ag+] [CT]

1
ksp, = %+s)* s




tol i — > s o i
50
s=5%10"°
:Lg.lnj ¢ daisna 2 2.:’.54‘)5” ui ‘ﬂu‘)(.j
s=[CI']=5%10"°M

pCl= 8.3







JIEAY g BamsY) ciplaay cMe i

oxidation JI lgd ey AN cDlelill b — aglee s LS — JI5aYls sausY) cilels
JEs) eDa &y ) edlelal) & o ¢ Jelal sls e @l el number
O 5ol 5f) olis i€l ai DA L Ll & 500891 o Liagl asbead) (pay cliq 50

Al &e @ JI3AY) Law ¢« (oxidation number

(electrochemical cells) 4l g 4<l LDAY

eloeS b elliyg ¢ LD g Je il 6 Lananl ¢ AilasSs 5680 DA e plesi dllia
¢ Sl e e Sl Jelalls o AY1 W« (galvanic cell) Al Ll s ¢
Al SN Ha ety ¢ LOE o LeSll 0 Y gd ey ¢ Bany (S 2ea 3 ) £l
lad ¢ leailady dulidal) WIAN Gany Gopdie Juadll 138 A4 . (electrolytic cell)
eihlaas ¢ Al sansY) cole Wiy Sl

(Aolilall LAY Dla 5 Cinge) 3518 ¢ Gubl e (DAY andl) Ll €58 L sales
A il adl e 2l oyt ey ¢ XS (Aulilal D) Ala 8l gl
Sy saie Caast A bl g 3531 Ly ¢ JIBAY) saie Cuasy

Voltmeter

Anode (-) (—/ - ® Cathode

Semipermeable
barrier




phid DA e leglay & ol ¢ Mie aud oLz 29V15 28K Jslaa o Joaty Lo sale
LR ey ¢ ol S et (S ¢ Gl Jal Jhaind e 3 Y Y ¢ Al

2 LeS iy Jaally

o S Jlen il 2Vl a8 deall 38 uld A Sed) Gy
tosbn Al aga (558 of Cua ¢ (VOIt meter) ual il

EceII = Ecathode - Eanode

35V) pdage 05 Lt ¢ B Cpas e s 0 Ll 380 o Y L3y aas LS

ol LS A e 9y S L oS0 ¢ il ¢ el Sl e Ll
Ecell = Eright - Eleft

S S5 Ll saige WYY ¢ Asgay iyme (S B30 3 38 o (10 p2)lly (S0

ekl aga (el (Say (a8 ¢ saa o (alad S aga
(standard hydrogen electrode, SHE) Ll ¢pag ugl) ulad

ml) Cpamg phgl) (g 1a) 00 UiSaa Gl (K5 ol ¢ gl b

H, \ / HCI solution
/— Platinized Pt electrode




suall G dalidl ool Glus e diday haie o B0 (e mhau e Ble
& omond Do ma aug o 1.0 M HCI Jdas & 3)5030 « (platinum black)
Cua ¢ 25°C xie dasaian Jslaally hadll 3 dap35 ¢ gon | daa 2ie ¢ Jilall

: al Jelal ay

H2(g) S 2H+(aq) +2e
i) Lgloss (ol Cpmspuell i aga 05S of e pllanal

EOSHE =0.00V

Anode E° cen = 0.34V +
N\ Cathode
I Salt bridge
H; Gas — — Ve )
At1 ATM
1M Cu?* .
+
1 MH \\
1M HCI iM CuSO0,
Hyg) = 2H'q) +2e Cu®" + 2e S Cu (s)

Calad e Bl 0S5 Bapla e Al ¢ a5l g st BGD Jeud) (g ey ¢ Vs

EceII = Ecathode - Eanode
Lol ¢ 3 e (b ) (g el i S 13
EceII = Ecathode - ESHE

EceII = Ecathode - 0.00

EceII = Ecathode




tdelll b Guladll s et Sy ¢ Sliad

Cu®" + 2e 5 Cu (s) E°=0.342V

Jslae 8 ulaill Gy GGl (psS5 Goyla (e elldy ¢ oDlel Sl 8 40 P e
c bl Cpag el lad ae ¢ Galaall (e ouil8

rdelall b o clipll Ala 3y
Zn*" + 2e 5 Zn (s)
G ond Lee ¢ Wlle sy A a8 ¢ 25V (S am gyl (il g die Jaadls

maa o 2 Y Julls ¢ ol angsnell Gl den e BT dea 4 il il
PRRERR]

SHE cathode

voltmeter

\
Zn anode - j
) l salt brldge
° NaCl(aq)

—H,(9)

HNOs(aq)

Zn(NO3),(aq) \
reduction half-reaction:

oxidation half-reaction:
Zn(s) — Zn’*(aq) + 2e~ 2H*(aq) + 2e~ — H,(g)

overall reaction: Zn(s) + 2H*(aq) — Zn?*(aq) + H,(g)

5T Al Qalad oS Lty ¢ 35ISS ) s ygl) b Jany G

Zn* + 2e 5 Zn (s) E°=-0.762 V

(298 K« 1 atm « 1 M S5 wie) Al QUadY) agen pams cpn ) Jaalls
H(eldYl) cdlelinl) Calail (e de sandl

332 cishlll v ada jiia 3,0 — dgasl) Aldal) plaasst)



Cathode (Reduction) Half-Reaction Sta":?'ic‘l’;(t’:‘;"tial
Li*(aq) + e — Li(s) -3.04
Na*(aq) + e — Na(s) -2.71
Mg?*(aq) + 2e"—= Mg(s) -2.38
AlP*(aq) + 3e"— Al(s) -1.66
2H,0(l) + 2e"— Hy(g) + 20H(aq) -0.83
Zn**(aq) + 2e"— Zn(s) -0.76
Cr’*(aq) + 3e"— Cr(s) -0.74
Pb%*(aq) + 2e — Pb(s) -0.13
Fe3*(aq) + 3e— Fe(s) -0.04
2H*(aq) + 2e"— Hx(q) 0.00
Sn**(aq) + 2e"'—— Sn**(aq) 0.15
Cu®*(aq) + e — Cu*(aq) 0.16
Cu®*(aq) + 2e"—— Cu(s) 0.34
Fe’*(aq) + e — Fe?*(aq) 0.77
Hg»**(aq) + 2e" — 2Hg(l) 0.80
Ag*(aq) + e — Ag(s) 0.80
Hg?*(aq) + 2e"— Hg(l) 0.85
CIO‘(aq) + H,O(l) + 2e"— ClI(aq) + 0.90
20H(aq)

Cr20372'(aq) + 14H%(aq) + 6e" — 133
2Cr’*(aq) + 7H,0(1) '
Cly(g) + 2e"— 2Cl'(aq) 1.36
Ce**(aq) + e — Ce*'(aq) 1.70
MnO4 (aq) + 8H*(aq) + 56" — Mn?*(aq) 151
+ 4H,0(I) '
H,0.(aq) + 2H"(aq) + 2e"— 2H,0(l) 1.78
S,08°’(aq) + 2e"— 2S04%°(aq) 2.01
Fo(g) + 2e"— 2F (aq) 2.87

9 ki allad) die S Jamy 5SY) agall caba bl @l o SAL sl ey
el 3ol JIBAY) 58 dagis ¢ cudadll Cingall agall 3ol 30uSY) 348 dag L L J8l aga
Gy o Kaall e g Jeliill dabe pigi (S asl AL puaall ey adaill Gl
o Lanse V) Qb e sy By Legafi o Cua o Jelis i (of o Lol
D) o I3V @lisSa o S Jelall ¢sS8 ¢ J8Y) agal) 53 aladl) 4ty ¢ oY)




SRl sl e plad) g b ad) Dl Lo s ¢ cpad) o B S e
(Dbl Y s 5V Jals edle il Ciluail ,US slelye ae . (diagonal law)

Cu® + 2e 5 Cu (s) E°=0.342V

Zn*" + 2e 5 Zn (s) E°=-0.762 V

J ee Cu(s) J o Jel&ll iy ¢« Zn(s) Jls Cu™ J) g 2y SGEI Jeladl) of

L(SEE e g8 Zn*
(reference electrodes) 4ma sal) ki)

pailiad il hla clldg ¢ il pe Bl Gads ¢ camie il G pugd) i of Gad
oy gl ) Adla) ¢ (Al aend) aladiullg gl ae platinum black JI) dak
il ol den L ¢ Amane QU el o clalall s a8 by ¢ Y JS
Aeally dgall Ol 3ol ae ¢ 4o Yoy Lot (Say allig ¢ ousldl) (g yag) odail

ol (gl ol

_ Pt wire sealed in the
inner tube to make
iy contact with the paste

Paste of Hg,
Hg.Cl,, and KCI

Hole for filling
\ with KCI solution

Pinhole for contact

of paste with the\_l__//?

KCI solution

To potentiometer

- Saturated KCI solution

Asbestos fiber
or poraus ceramic
junction (salt bridge)

Hg,Cl, + 2e” = 2Hg + 2CI”

E = 0.242 V for saturated KCI




« calomel saturated electrode) Juesl<ll duac (ulad Zana yall iy el eﬂ S
Ag/AGCl Ul by ¢ (242 MV iy asidll cpmgpaell cadad ) Gl sgs of G
199 iy bl cpagnel) udad agald dunally saga ol cua ¢ reference electrode
JS Jaxy Ag/ACI Jls SCE J) Wi « Tagil SHE J) sy illall B 8 aif f .mV

el e iy ¢ 2SS Lagha

EceII = Ecathode - Eanode
U}A Eanode =0V O\ “—‘:‘3}
EceII = ESCE and EceII = EAg/AgCI

il ) Al Ll Ly Lonn Jeladl) Agen ¢ Ayl G GB aay L

SHE J) ) ded ) aapal) qulal) ) L e agad) Jugad o A

1. The potential of the following half cell reaction at standard state
was measured versus SCE giving a value of 0.529V. Find E° of the
half cell reaction:

Fe’' + e 5§ Fe?'

Your Electrode
SHE o
(E° = 72?27
(E°= 0.00 mVv)
529 my

|
242my I

771l mvy

SCE
(E®= 242 mV)




Gl Ly Iagil iy gmapall i) 8 JWs ¢ Gange SCE ) () Al (alail) g
ot LS ¢ SCE J) (par o auns ¢« IS iy Al 038 3 (Fe®'/Fe® Jl) 255V

: 58 SHE ) ) doeally 20lal) Cacat aga (i ¢ N Lodlef (<)
E° =529 + 242 = 771 mV, or

Ec=0.771V

2. The potential of the following half cell reaction at standard state
was measured versus SCE giving a value of -1.004 V. Find E° of the
half cell reaction:

Zn** +2e 5 Zn (s)

Your Electrode SHE

(E° = 72?77 (E°= 0.00 mV)

24Z2mv

-76Z2 my |
- 1004 mV

SCE
(E° = 242 mv)

el il 8 s ¢ Al ded SCE J) Y Al Gl dga o) Jaadld) (40
¢ asil iy Alall 038 & (Z0(s)/Zn%" J1) 2558 ks Laiy 1S ey (SCE J))
JLal b LS ¢ (aad) daill Bl) SHE J) Sl Y Lady ¢ SCE UV b (e g

: 58 SHE ) ) donall 20lal) Cocat aga glé ¢ A Lode

E° = -1004 + 242 = =762 mV, or

Ec=-0.762V

3. The potential of the following half cell reaction at standard state
was measured versus SCE giving a value of - 0.103V. Find E° of the
half cell reaction:




Sn* + 2e 5 Sn**

SHE , SCE
(E°= 0.00 mv) (E”= 242 mV)

242mv

- 103 mY
+ 139 mV

Your Electrode

(E® = ?2?2?)
Gl Ly 13I8 iy gmapall il (8 M5 ¢ s SCE 1 (oY) pmailly il g

e (K10 SCE Ul sl e auyy ¢ lagl iy Alal o2a 3 (SN™/SN® JI) 2y 1S
el JSall 3 LS ¢ SHE J) ) Al 1S alaad ag SN 2ga

18 SHE J) ) 4wl 1A Caad aga old ¢ <l
E°=-103 + 242 =139 mV, or
Ec=0.139V
(shorthand notation for cell representation) Lalis 408 S
L) Legias oty ¢ Wyl e 355 Linay (o 25080 (06 Cumy A s o Lo Bale

PO 8 LS ¢ Mie and s lie ) dpala 3ylaid

potentiometer

salt bridge

e cathode

porous frits

[Zn**]=0.0167 M [Ag*1=0.100 M




. J}JSSL) . ....} ijy\ Oy i.lg.\ &”_1..33 ¢ JA\} )E 1) (\s!fm“:) :\:\u\ RS oe )g-\’:d‘ USA-‘J
‘_“J:u LS 5650 el ag

Zn(s)| ZnCly(aq, [Zn*']= 0.0167 M) || AgNO; (aq, [Ag'] = 0.100 M)|Ag(s)

ol LS Bl B ey

syhidy Jsase ¢ 0.0167 M 0355 ZnCly I (e Jslase (1) (o ssaia Zn(s) I (o cad

Tasls (1) bases Und ami Ll Jildly loall (pn Stals dllin G Laigfy Auaill (e Calad

(1) Gaasee cplai Glld o e Lild datall 4ud o Lixll ol dpalall 5yl L ¢

AU LAY Jia Seall (e 48 Jially

—

Zn Cl'd—‘

— 7t

~ Anode T

in = EE'+Zn2+ I3LI2++ e = Cu

=

Zn(s) | ZnCl, (x M) Il CuSO, (y M) I Cu(s)




b alith 53,6 clabiall JIy LAY ae Jaletl] Jguds iy s
Bl g Ao Sl i il

¢ Nernst alalea; Capey Lo ) dga o 3850 a0 550 alla ) iV oled) aal 10
G Ly ¢ Jiled) e pall g Aalal) clluall 8 Tas € IS8 i il

tha ¢ Clylaal

logk

E: electrode potential
E0: standard reduction potential

n: number of electrons per mole

[reduce]cj
[oxidiz4d

k: equilibrium constant (

0.0592: the result of dividing the gas constant by Faraday constant at
298K.

rabluadl (e Jeal Nernst Lales alasin) 4 B il ¢ ¥l

1. 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°— " l ogk

0.0592  [Cu(s)]

E=0342— l
2 " 9cur

0.0592 1

E=0342—- > log0.5=0.333V




2. Calculate the electrode potential of a half-cell containing 0.200 M
KMnO4 and 0.500 M MnCl; at pH 0.
MnO, +8H " +5e 5 Mn* +4H,0 E°=151V

AtpH=0,[H]=1M

0.0592 [Mn?*]
=E°— 0g —
n [MnO, |[H]
0.0592 0.5
E =1.51—- =148V

5 %2 (0e

AN g 5 sy fpilae

e Al ¢ Aalgdl Gipleall (e (redox titrations) JIFaNly 3.y Cilyles el
¢ Slaall 3alall (e Adlia) IS 2y Jolaall 8 Cladl) dga pad A 2 Cus ¢ lgia sl
osaall iy L ¢ galiall peadll e MV Ol (58 G Bpleall e ol (S
Dot el dga ory el e die 4ld ¢ salal) & LS L Ailaall saladl aas i

tle deall (3 b 53l Aan Caigny il aga 8538 Cad i ¢ T8

e el S 5 salge 38l Alaj Camn ¢ cdlelindl 385 .1
Lagin dgall (38 o) LS il Gy ¢ (Jl5aY 1y 30uSY) deliill aad o agall (38 .2
o) 8380 ClS LS

JIRAY g BansY) Cilplan B Aesdioual) Cidis<l)

¢ L Aipee cOlelil dalla ) Lals il et lavaal ¢ Q) e gle s cllia
¢ Lail) Wilial (ja5 ¢ (specific indicators Luaf ey ¢ calaill sga (e il (i
3l iy Ledics ¢ sage sl o Wil ¢ asd) ae 3y complex Laill Sy cua
Jie) (Kadll e Liad o1 Glll ) Ym0l sy ¢ (el Al xie) Bplaally
self ) 1 il allas lede Blay of el IS s ¢ gl 13¢] Lasls KMNO, J)




Al Ay ¢ cliaiad) elgil xe 0d Y ) g5 oe sl sy Cua ¢ (indicator

OS) LAl Aais die slad jeday saysl) (sl Gl ¢ AlSa Bale Bylead Ciliaiayll alasial

£ 138 e Call N e T Taze lia Gl ¢ Caudl

o35 ¢ (pma dga ) Jsladll Jsuas dic a3l yuiy oA sed ¢ €l (e B gl L

HGITEg J}LA\@L@_‘\}\«QL’_@‘ lale gl Jadlist Jolas ¢ 3y 308 Leale Cadl <)
Inox (color 1) + n e 5 Ingep (color 2)  E° = xV

0.0592  [Inggp]

[Inox]

il e Jiiaadl JSAN o) ma oSaal) (e ¢ el ki vie 4ld ¢ Wle W) LS
1058 Ladie
[Ingep] = 10[Inyx]
1058 Ladie il e auSsal) JSEN o S oS WS
[Ingx] = 10[Inggp]
tol Jsill (S ¢ adle g

0.0592

Eendpoi nt=Em

o Al L il 4k sea 08 O iy ¢ e Bpledd il RBISY iy 1ag
Jiy ) sl 0.1V Lo f + °'°:;’92
DES gl Jisg ¢ oually Al5aal ) sanSpall Alall oo lelsas o8 L aaly ¢y 50
528 1358 amy Lo ¢ Aleall Ll (g lan Db iy (el Va5 .y ST 2ae 5205

Agpad) JIFAY ) 5ausY) Glples 8 il sl e

) Ssta o 3sma Vs ¢ Egng poi ne d)

1:1 e lia) Gu dpdl) 5 sS5 Euny ¢ Bplaa Allaa Ja B LI ¢ oY1

1. 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 ce® + Fe'
Fe’*+e S Fe” E°=0.771V
ce*+eSCce* E°=1.70V

0 mL of Ce*" dila) xic :Y4

lil) aga dlay) Jslaiy Nernst dlsles axaivs Jlly Fe™' (gu Jsladdl 3 aag ¥

: Fe Jb paldll Jelal) caas oladsuly (electrode potential)

0.0592 [Fe?]

E=E°— log—=
n 0 [Fe3+]
0.0592 0.1
E=0771- log—=—oV
1 0
wgﬁc?q;iq;hdﬁﬁj&zunFe d\u\ Lg.q‘)ldjm).cmgaj
alasin) Clpaall o Gl 4l S5 1085 . Cima J3ide Jale Fe™ U1 o Lale g yadll

Akl dagm o b oY Fe ol Qe b hill s luad Nernst dales
S5 le sy ¢ bl gal Algiae daf amy cladll Wl Slea slasinl) b daaall
35as 5l ¢ elsel) Gub oo FE™ ) kB e Ly ¢« FEOT Ul 0 Tan Btn 48 35
A agall (Fe™ ) Jslas jumatl adasind 3 o) el 3 Fe™™ U1 e sl oamy

Dika Jelinl) cligla aaf 385 (58 Laaic Nernst dlales aladiud i ¥ Ul

25 mL of Ce*" diL) aic :Lils

Sl Jelal) A plaw o Ay

5 2.5 0
Fe2+ + Ce4+- > Fe2+ + Ce3+
2.5 0 2.5 2.5
2.5/75 0 2.5/75 2.5/75

Y 4l dall e F&¥' + @ 5 Fe™ U Alilas plasinly adail) aga lasy asii ¢ 5 (e

hia gsby Ce™ Ul 585 (¥ Ce™ + e 5 Ce™ Ul dlilbaa sl (Ka

o _ o _ 00592 [Fe?*]

=E° — log———==
n 0 [Fe3+]




E=0771— — 0g—2—=0.771V
S (5]
75
35 mL of Ce*" diLa) xic
Sl Jelal) Al ¢ Al
5 35 0 0
FeZ+ + Ce4+- > Fe2+ + Ce3+
1.5 0 3.5 35
1.5/85 0 3.5/85 3.5/85

Y il cus  Fe¥' + e 5 Fe™ Ul dblee alasiuly il dga Gilusy agih ¢ & (hag
thia sl Ce* U1 585 Y Ce* + e 5 Ce¥' J) dlalas alasiad (e
0.0592  [Fe?*]

E=E° F—
n 0 [Fe3+]
1.5
0.0592  [(ge)l
E=0771- 0g—=—=0.793V
S (5]
85
50 mL of Ce*" diLa) sic :lay)
Sl Jelal) A plaw ¢ Al
0 0
FeZ+ + Ce4+- > Fe3+ + Ce3+
0 0 5 5
0 0 5/100 5/100

(Fe™ U ihilas plasind Wiay ¥ 4l maalgll o o1 ¢ aladll dga alsny sl ¢ &3 (g
J) sl slasind Wiy ¥ Ly « D sl FE™™ 01 385 (Y + e 5 Fe™)
i L alad Alad) oda 8 ¢ hia sl Ce™ U1 385 (Y (Ce* + e 5 Ce)
Oailalaal) aany Liad 13 W) cadal) aga alag) ¢Sy Yy ¢ il

0 0.0592 [Fe?t]
Eeqpt = EFe — 1 Og[Fe3+]

. 00592 [Ce]
Eeqpt = ECe - 1 Og[Ce4_+]




e A S dllyg ¢ el SN s b Ablae S il i llaal) gen al e

adiple sl adll 5yl aanl

F€2+] [C €3+]
Fe3t][Ce*™t]

2Eeqpt = Efe + EQe = 0.05921 0g

:oU ¢ ddagil) sda die Jeldil) Aaity (e (g0 WS (Al
[Fe3+] = [Ce3*] = 0.05 M
t0sSs of sl ddags ) Jgagl) days of WS

[Fez*] = [Ce*]

OB Anle g

l [FeZ+] [C€3+]
Og[Fe3+] [Ce4-+]

=logl1=0

Ep, + E2, _ 07714170

Boqpt =~ =124V
60 mL of Ce*" diLa) xic :Luald
Sl Jelal) Al ¢ Al
6 0 0
Fe2+ + Ce4+- > Fe2+ + Ce3+
0 1 5 5
0 1/110 5/110 5/110

f plall ga Ce' +e 5 Ce’ U ililae alatindy i) dgan lusmy a5 ¢ & (s
s Al s2a 3 Fe? Ul 585 Y Fe¥' + e 5 Fe?' Ul dlolas alasind oSay Y
:Lé.a.a

g po_ 00592 [Ce*]
B n O‘g[C e*t]




0.0592 0)

E=170- —1.66V
100 mL of Ce*" diLa) vic :luslu
Sl Jelal) A plaw ¢ Al
10 0
Fez+ + Ce4+- > Fe2+ + Ce3+
0 5 5 5
0 5/150 5/150 5/150

S G WS Ce™ e 5 Ce™ Ul dlilae plasinly bl den Gluny a5l ¢ & (e
sl Alalloda 3 Fe™ J) 585 (Y Fe™' + e 5 Fe™ Ul dlabee ol (Sa Y adf
:Lé.a.a

o po_ 00592 [Ce]
B n O‘Q[C e*t]

00592 (m)

(150)
A e ditily ¢ 101 o Lgd edlelital) c¥ge 3o Apad Ol B 130 ¢ oY)y
lgla

2. Find the electrode potential of a 50 mL of a 0.10 M solution of Fe2+
after addition of 0, 5, 8, 10, and 20 mL of 0.10 M KMnO4, at pH 1.

E=170- =170V

MnO, +8H* + 5 Fe” 5 Mn* + 5 Fe** +4 H,0
Fe’*+e 5 Fe” E°=0.771V
MnO, +8H" +5e 5 Mn*" + 4 H,0 E°=1.51V
0 mL of MnO,” 4L ic :Yjl

lill aga dlay) Jslaiy Nernst dlsles axaius Jlly Fe™' (gpu Jsladdl & aag ¥
: Fe Jb p=lall Jelal) caas aladsiuly (electrode potential)

0.0592  [Fe?']

BB = Logpem




0.0592 0.1

log—=—oV

E=0771—-
1 0

laa 48 Al sale Ldiny FE™ U o oawd Y Agine e dagill ol ¢ Gyle Ly WS

e oad 4l S 138y cCamen Jide Jele Fe?' ) o Lde Gig el e oS0 ¢ Taa

3sas Ssall e . Fe¥T ol Qle 8 il aga luad Nernst dlalas aladiu) Cilgeall

Uan dsasd Sl ¢ elsedl Gob e FeTT Jl aush e Ly ¢« FETT ) e s AL 40

Yl agall Fe™ U1 Jslase ppmail aaladin) 5 M) mldl 8 Fe™" U g cilsl

Dika Jelinl) cligle aaf 385 058 Laaie Nernst dlalea aladi) Ui

5 mL of MnO, 4dLa) xie ;LG

ideldll @l S mmols Jl clua iyl ) oY) pe ¢ oSI) Jelil) 8 plan ¢ Byl
mmol Fe2+left = mmol Fe2+ taken - mmol Fe2+* reacted

mmol Fe2*left = mmol Fe2+ taken - (5) mmol MnO4

mmol Fe2+left=5 - (5) *0.5=2.5

5 0.5 0 0
5Fe’* + MnO, + 8H" - 5F¢® + Mn*™ + 4H,0
2.5 0 2.5 0.5
2.5/55 0 2.5/55 0.5/55

Y al dall oo« F&¥' + @ 5 Fe™ U ililas pladinly adail) aga lasy asii ¢ 5 (e
) Aalaa aladind (Sa

MnO, + 8H' + 5e 5 Mn*" + 4 H,0
hia gsby MNO,™ ) 585 oY

0.0592  [Fe?']
T T %YFen

8 mL of MnO,” 4éla) xic : il

rdeldll Gl S mmols Jl clua ddpyla ) oY) pe ¢ (oS Jel@ll 4 plass ¢ Ayl




mmol Fe?*left = mmol Fe2* taken - mmol Fe2* reacted
mmol FeZ* left = mmol Fe2+ taken - (5) mmol MnO4

mmol Fe?+*left=5-5*%0.8=1

5 0.8 0 0

5Fe** + MnO, + 8H' > 5Fe + Mn® + 4H,0
1 0 4 0.8

1/58 0 4/58 0.8/58

o G WS FE + @ 5 Fe?' U dlalas aladinly bl dga Gluny asili ¢ &3 (e

tJ) Alalas aladin) (K Y sl alal)

MnO, + 8H' +5e 5 Mn** + 4 H,0
e gsbw MNO,™ J) 385 oY

. 0.0592  [Fe?*]
E=Ere— — — logpn

1
00592  [(g59)]
E=0771- log——=10807V

! [&5)

10 mL of MnO, 4éla) sic :lay),
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mmol Fe?*left = mmol Fe2* taken - mmol Fe2+ reacted

mmol FeZ* left = mmol Fe2+ taken - (5) mmol MnO4

mmol Fe?*left=5-5*0.1*10=0

5 1 0 0

5Fe* + MnO, + 8H" =~ 5Fe¥* + Mn* + 4H,0
0 0 5 1
0 0 0.1 5/60 1/60
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Fe’* +e 5 Fe*'
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MnO, + 8H" + 5e 5 Mn** + 4 H,0
OSas Y ¢ ilaal) Ak gl aled Al ol by Lyl Lia gsbey MNO,™ J) S5 oY
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mmol MnO4 excess = mmol MnO4- added - mmol MnO4 reacted
mmol MnO4- excess = mmol MnO4 added - (1/5) mmol Fe2*

mmol MnO4 excess=2 - (1/5)*5=1

5 2 0 0

5Fe® + MnO, + 8H" - 5Fe¥ + Mn* + 4H,0
0 1 5 1
0 1/70 0.1 5/70 1/70

tJ) Alalee alasind WiSay ¥ sl e (S0 ¢ Cadaill dga oln a0 @ (e
Jia maal Fe™ U1 385 Y (Fe™ + e 5 Fe™)
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MnO, + 8H" + 5e 5 Mn** + 4 H,0
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3. Find the potential of a 20 mL of 0.1 M Iz solution, after addition of
40 mL of 0.1 M Na2S,0s.

25,057 +1, 5 5,07 + 21

l,+2e 521 E°=054V
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4. Find the electrode potential of a 50 mL of a 0.10 M solution of I
after addition of 10 mL of 0.10 M KMnOs, at pH 1.

2MnO, +16H"+ 101 S 2Mn** + 51, + 8 H,0
MnO, +8H" +5e S Mn** +4 H,0 E°=151V
L+e$S2I E°=0.54V
Jelall wlbi&d mmols J) Glua 35l ) oLy & ‘;ASS\ Jelanl) & Ly
P EEON|
mmol [-left = mmol [ taken - mmol [- reacted
mmol [- left = mmol I taken - (5) mmol MnO4-
mmol Fe?*left = 0.1*50 - 5*0.1*10 =0
r A Jsandl e Jsanll (a5 ¢ 58S Ahads o oda O Srg 138

1 5 0 0
2MnO, + 6H" + 10T - 51, + 2Mn** + 8H,0
0 0 2.5 1
0.1 2.5/60 1/60
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The Islamic University Student Name:
of Gaza
Chemistry Department Analytical Chemistry Lecture Time:
1 Hour Exam Student Number:
Dec.7™, 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)
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)

4. Find the titer of a 0.092 M EDTA in terms of mg Al,03 (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)




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? toso, for 3 degrees of
freedom is 3.182.

7. Find the percent increase in solubility of Pbl; (ks = 8*10°) in a NaNO; solution as
compared to solubility in pure water. (fpp>* = 0.52, and f; = 0.78). (6pts)

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 HCl 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,CO;

HCl + NaOH — NacCl + H,0

9. How many mg of Na,5,03; (FW = 158 mg/mmol) should you weigh to prepare 100
mL of 0.100 N solution, in the reaction (6pts)

25,055 5 5,0% + 2e




The Islamic University of
Gaza
Chemistry Department Analytical Chemistry Lecture time:
2" Hour Exam Student Number:
Nov. 22", 2015

Student Name:

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

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. () Incases 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 BaSO; (FW
233.39). If the BaSO, ppt weighs 0.5482 g, what is the atomic weight of M* in

MSO,?

3. Write mass balance and charge balance equations for the equilibrium of the
different species of 0.1 M Na,C,0;,.

Na,C,04 = 2Na* + C,0,”
C,0,” + Hy,0 5 HC,04 + OH
HC,04 + H,0 S HyC,04 + OH

H,0 S 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 = 1.8x10™°) solution are required to make a 500 mL of a buffer solution at pH
5.00 and has an ionic strength of 0.15?

5. Calculate the volume of 10 M acetic acid (HOAc, Ka = 1.8x10'5) 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

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 (Ag2C03) = 8-1*10_12
Ag2C03 (S) s 2Ag+ + CO_:,Z_

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 KMnOQOs,.

MnO, +5 Fe?* + 8H' S Mn*" + 5Fe®* + 4H,0
The excess KMnQO,4 required 3.62 mL of 0.015 M Na,C,0;,.
2 MnOy +5C,0,” +16 H* S 2 Mn*'+10 CO, + + 8 H,0
Find the percentage Fe,03 (FW= 158 g/mol) in the sample.

8. Calculate the pH of a 0.1 M HsPO, solution (ka1 = 1.1¥102, ks = 7.5%107%, ky3 =
4.8%¥10")

9. Calculate the pH of a 0.1 M NaCN solution (k, = 6*10'10).
CN + H,0 5 HCN + OH
10. Calculate the pH of a 0.01 M formic acid (HA) solution (k, = 1.8*10™).

HAS H +A




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. () Phenolphthalein is 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 (Ky; = 6.5*10'2, Kaz = 6.1*10'5, kw =
1*10™).

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%102, K, = 7.5%10, Koz = 4.8%10°%)

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.

HoA S HA +H'
HA + H,0 5 A” + H'

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, oy at pH 10 =0.35.

Mg? + YY" 5 MgY*




6. Find the pl in a 20 mL solution of a 0.1 M Nal after addition of 20 mL of 0.1 M
AgNO:s (kg (Agl) = 1*10°)

Agl S Ag +1I

7. Find the concentration of copper ion in a solution containing 0.1 M Cu* and 1.2 M
NH; (ke = 2.5%10% kep = 4%¥103, ki3 = 6.6%10%, kg = 1.1%10%).

Cu®" + 4NH; S Cu(NH3),*"

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 =mgN * 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 ky, = 4.8%10™") with 100 mL of 0.1 M NaOH.

10. Calculate the solubility of PbS (ks = 3*10%8, K, = 1*107, Ky = 1*¥10™) in a
solution adjusted at pH 4.




The Islamic University Student Name:
of Gaza
Chemistry Analytical Chemistry  Student Number:
Department
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.

2. () Solubility of precipitates in presence of excess precipitating agent
increases.
3. () Colloidal precipitates contain very small particles. There should be

expected a great deal of error due to adsorption.

4, () Usually a larger break in a titration curve as the concentration
becomes larger.

5. () 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 HCl. Find the
uncertainty in the molarity of HCI using the correct number of significant figures.

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?
ttab = 2.776.

5. 1f 20.45 mL of KMnO, reacts with 0.534 g H,C,04 (FW = 90 g/mol) according to the
following equation:

5 H,C,04 + 2 KMnO,4 + 6 H' 5 2 Mn*" + 10 CO, + 8 H,0




Calculate the molarity of KMnQ, .

6. How many mg of Na,COs; (FW = 106 mg/mmol) should you weigh to prepare 250
mL of 30 ppm Na® solution (AW = 23 g/mol)

7. Calculate the titer of a 0.01 M KMnO;, solution in terms of mg Fes04 (FW = 231
g/mol) per mL KMnQO,.

MnO; + 8 H' +5Fe* 5 Mn*' + 4 H,0 + 5Fe**
8. Find the ionic strength, fy. and fon. in a 0.1 M Ca(NOs), solution.
9. Find the pH of a 10° M HCI, show your calculations. Ky = 10,

10. Find the pH of a 0.20 M solution of disodium hydrogen phosphate (Na,HPOj). K41
=1.1*¥107 Ko, = 7.5¥10%and k,3 = 4.8*10

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 ( ka1 = 4.3x10'7,
kap = 4.8%10™)

H,CO3 S H' + HCOs*
HCOs S H* + CO5*

13. Find the pH of a 100 mL solution containing 2.65 g Na,CO3 (FW = 106 g/mol) and
2.1 g NaHCO; (FW = 84 g/mol). Ka1 = 4.3x107, ks, = .8x10™. 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?

15. Find the pH of a 20 mL solution containing 0.10 M HCl and 0.30 M HOAc (k, =
1.8x10”) 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 10is 0.35. ks = 4x108

Sr* + Y4 5 sry?r




18. Find the solubility of AgCl (K, = 4*10-16) in presence of: a) 10> M HCl and b) 0.1
M NHs (Bo = 4*¥10°°)

19. Write mass and charge balance equations for the equilibrium of 0.1 M Na,COs in
water.
CO;” + H,0 5 HCO; + OH
HCO_D,_ + Hzo hary H2C03 + 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 S5 ce’ E°=1.61V

sn** +2e 5 sn** E°=0.154 V

2Ce* +sn?* 5 2ce® + sn*
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