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Question 1: Comparison of quantities associated with acids, bases, and salts.
douzuo dylaall awaid (< ol = gl>) 1g)lall gyl J31s &8l jgo | sl bid sl

Write only one of the Following symbols inside the empty box: (>, = or <) ,to make

the comparison correct.

0.0100 M NaOH Jgl=wl pH 0.0100 mol/dm? NHs Jglowd pH
1. | pHof 2 0.0100 M NaOH solution pH of a 0.0100 mol/dm® NHs;
solution
0.0100 M NHs Jgl=wl pH 0.00100 M NH3s Jgl=wad pH
> pH of 3 0.0100 M NHjs solution pH of 3 0.00100 M NHjs solution
oo 0.0100 mol/dm® Jgl>wl pH oo 0.00100 mol/dm?® Jgl>wl pH
3 ¢h)9lSg)ugll Yoo ¢h)9lSg)ugll Yoo
pH of a 0.0100 mol/dm? pH of a 0.00100 mol/dm?
hydrochloric acid hydrochloric acid
Jolow a5 sic pH doud § il Jolowo wesd sic pH doud § sl
lyo yixe 0100 M NaOH Olyo yire 0100 M NH;3
4 pH change, if a3 0100 M NaOH pH change, if 3 0100 M NHs solution
solution is diluted 10 times more is diluted 10 times more
5. clall £ 552 dudos porig)g)l ol dusras
the acidity of water molecule the acidity of hydronium ion
dayd aic eh)olSg)gll paes Sy dod e ¥l paes> Jglowe 1Sy
pH=4 pH=4
6' concentration of a pH = 4 concentration of a pH = 4 acetic
hydrochloric acid acid solution
0.100 M KNOs3 Jgl=waJ pH 0.100 M K»COs3 Jgl=wal pH
~ pH of 3 0.100 M KNOs solution pH of 3 0.100 M K,COs solution
0.100 M KNOs3 Jgl=wa) pH 0.100 M AI(NO3)3 Jgl=ad pH
8 pH of 3 0.100 M KNOs solution pH of 3 0.100 M AI(NOs)s solution
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0100 M NaHSO. Jglswel pH

0100 M NaHCO3 Jglwl pH

> pH of 3 0.100 M NaHSO4 solution pH of 3 0.100 M NaHCOs solution
0.100 M Na:S Jgl=>ad pH 0.100 M CH3COONa Jgl>wJ pH
10 pH of 3 0.100 M Na,S solution pH of 3 0.100 M CH3COONa solution
NH; Jolowo & SuuwSg)augll ol 54553 NaOH Jglowo & sauSe)ugll ool 5455
pH =10.00 doud d pH =10.00 doud d
1 hydroxide ion concentration of a hydroxide ion concentration of a
pH =10.00 NHs solution pH =10.00 NaOH solution
Joloo § HCl  (elsas) oili dps Jslo § CHsCOOH  (elSas) o3l da)s
PH = dayd d cb)glSgyaugll oo PH =3.00 doyd d el poos
12. 3.00 degree of dissociation of CH3COOH
degree of dissociation of HClin a in a pH =3.00 acetic acid solution
pH =3.00 hydrochloric acid
ligoW lo Jolowo § NHs oy3li duuus d LigoW Jlo Jelo § NHs il dus
pH =10.00 doud d pH =11.00 doud
13. | degree of ionization of NH; in an degree of ionization of NH; in an
aqueous ammonia solution with aqueous ammonia solution with
pH =10.00 pH =11.00
14 SpuSg) gl ool diacld SpuSe) gl ool dpsros

the basicity of hydroxide ion

the acidity of hydroxide ion
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Question 2: Chemical Equilibrium

1g) dbliall Jelat] 8)ly> oudg gl dunell edlelatl J) ybil

Consider the following reversible reactions and their corresponding heats of

reaction.
AH
a) 2CHug = CaHag+3 Hag +377 kJ/mol
b) CHag+H20q = CO + 3 Hyg +337 kJ/mol
c) GCoHag+Hyg = CiHgg -137 kJ/mol
d Cg+COz9 = 2COy +172 kJ/mol
e) COyg+Hzyg = COg + Hx0(q -131 kJ/mol
F) Nag+3Hxg = 2NHsg ~92 kJ/mol
e 391" pgmres "Dlzdl 0oSi ol uSa) L (@, b ... ) dusliall Gpsuall Ggymll HUS) ol

("lgio
Answer by listing the appropriate lowercase letters (3, b .. F) ! (The answer can be

"all"or"none")

S(Kp) bosuall d¥y o3l culi soluy (Ko) 55510l dday oliidl culi oo Jelasdsl .1
1. For which reaction is the equilibrium constant expressed in terms of
concentrations (K.) equal to the equilibrium constant expressed in terms of

pressures (K,)?
Chsuall 630 die (i Luall) t__.,plo”zll ol=udl @ lgilsil do ] (pSan Wlelail ‘ES' 2
2. Which reactions their equilibrium can be shifted in the Forward direction by

increasing the pressure?
C6)ly=dl d>)> 630L) die (judlall) L",,obo‘zll ol=idl @, gilsil do ] Sy Meladl “(S' 3
3. Which reactions their equilibrium can be shifted in the Forward direction by

increasing the temperature?
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4. Which reactions can have their equilibrium position shifted in the forward

direction by using a catalyst?

oo digluio Olasy Blay 13] 15531 Mie digluio slgall graz 151y lgd e wleladl 51 .5
Clhs9 wilclaiall
5. Which reactions necessarily result in equal equilibrium concentrations For all

species when only equal initial amounts of reactants are used?

Celegll pam 650 e (Jvlall) L",oLo‘zll ol=idl 3 lgilsil do ] Sy WMeladl tsl .6
6. Which reactions their equilibrium can be shifted in the Forward direction by

increasing the volume of the gas space?

CH, dSLs| die (v lall) t__',plo”zil ol=ddl § gl d>lj] pSey Wilelaill ‘CSI 7
7. Which reactions their equilibrium can be shifted in the Forward direction by

adding H?

S&ylyl dz) 630 ge lgiljsl culi padliy wileladl il .8
8. Which reactions have an equilibrium constant that decreases with increasing

temperature?

ibgll cilyalyllg aglell slualg >




=
sl - ff [« Wo¥IIM)
3 }

NSMO
djlall Al § olysdl 3 Jlgull

Question 3: Gas-Phase Equilibrium

The following equilibrium is established in the gas phase:

4H,S(g) + 2502 = 3S2(g) + 4H20(g)

:Jeladl [3g) oli33l coli (955 .800°C §)ly> d>ys e
At 800°C, the equilibrium constant for this reaction is:
K. = 2.60
\Slao cleg JI SO, 0 1.00 Mol boylxio y5] duaSg HyS o 1.00 Mol loyaio duaS sl
Jelai 38 H,S 30 90.0% ol ot ol3idl dlls Jl Jgogll 2icg. 800°C U] elegll Ol ©J
A quantity of 1.00 mol of H,S and a quantity of 1.00 mol of SO, were introduced
into a closed vessel, and the vessel was then heated to 800°C. Upon reaching
equilibrium, it was found that 90.0% of the H,S had been reacted.
Joall 83291 03331 sie clegll § 839290l dilousIl slgall go 93 JS draS Cums| (i
a) Calculate the amount of each chemical species present in the vessel at
equilibrium, in moles.
dm3 8x5g) .clegll ams Cuns| (O
b) Calculate the volume of the vessel, in dm3.
kPa da>9) /333l bl S bsoall cuns | (g

¢) Calculate the total pressure of the equilibrium mixture, in kPa.
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Question 4: Solubility and Precipitation of Cadmium Hydroxide

Solwi 25°C 8)ly> dzy> s [CA(OH)z] poroslsl suwSgysugl IS Jol> dayd
5.00 x 10716
Solubility product of cadmium hydroxide [Cd(OH).] at 25 °C is 5.00 x 107",
125°C ic g0 2S5 )3ud (po guite Jglowal PH dasd cums (i
a) Calculate pH of saturated cadmium hydroxide solution at 25 °C.

[Kw=100x%x10"]

[OS{:;O.)LQI Ol Jglow (o 100 cm? bl sic IoggyobKJl JuwSg)dug) cudyi Gaouw Jo (O
¢pH =8.50 93 NaOH Jglwo (30 100 cm® 2o 0.0100 mol/dm? 0,53
b) Will cadmium hydroxide precipitate when 100 cm?® of 3 0.0100 mol/dm?® cadmium

nitrate solution is mixed with 100 cm?® of an NaOH solution with pH = 8.50?

05455 pososlll Wy Jolow JI whbd JSi e NaOH o 3500 Jolow d8La] @5 13] (g
3 Juo¥l Jglowall ez ol o) § sl 035 Ta pH dad sl ai=s .0.0100 mol/dm?
¢) At what pH does a precipitation begin to form, when a concentrated NaOH
solution is added dropwise to a 0.0100 mol/dm?® cadmium nitrate solution? (the

volume of the original solution practically does not change)
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Question 5: Identification of an Alkali Metal Oxide from a pH Change

PH =100 d el )glSg) gl paas o 250 cm® § sold 318 ST (o 3375 Mg &l3] aie

83219 6329 ylasien (U lac dams iy sH) Jolowall pH doud Wi

When 337.5 mg of an alkali metal oxide was dissolved in 250 cm? of hydrochloric

acid pH =1.00, the pH of the solution, which had a practically unchanged volume,

changed by 1.00 units.

solall 5lall 130 sounST deuo sl wSolall 51l Je A3l Me jo)ll pasiiwl 13] (

a) If Me is used as the chemical symbol of the alkali metal, give the fFormula of the
alkali metal oxide.

<l )9lSg)3ugll paes o 3all 13 auusT Jelad (digal dsleoll gl) Jeladl daleo sl (W

b) Write the reaction equation (orionic equation) of the reaction of metal oxide and
hydrochloric acid.

2l )9lSgyugll paros § LIS s solall 3lall 130 suusT Gllwsll 229l (g

¢) Calculate, which alkali metal oxide was dissolved in hydrochloric acid.
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Question 6: Preparation of Basic Solutions by Dilution

25.0 M/M% 0315y Ligel Jglowo ¢lliSg.0.500 M 05,5,i NaOH Jglswo ¢po 500 cm? s 4841
.0.910 g/cm? aidlisy
500 cm? of 0.500 M NaOH solution and 25.0 m/m% ammonia solution with a density

of 0.910 g/cm? are available.

29530l Ligo3l Jslno ¢ro 0.500 M 03,535 Ligol Jslono ywéms Gglaall
0 500 €mM? juaod dinisd wzg 3 (250 MIM% 055)) Wigodl Jeloo e wunsl (1
.0.500 mol/dm? 0,5y Ligel Jglowo

0.500 M solution should be prepared from the ammonia solution.
a) Calculate how much volume of (25.0 m/m%) ammonia solution must be diluted

to prepare 500 cm?® of ammonia solution with a concentration of 0.500 mol/dm?>.

Ligoll Jglog NaOH Jglono warisi @b ope PH = 1100 dod @ Jglono juass § ways
&l pdsall
We want to prepare a solution with pH = 11.00 by diluting the NaOH and the
previously prepared ammonia solution.
o0 500 cm?® juaoil dagesi 0jWI10.500 MNaOH Jglow o cm? 8129y paadl s (0
PH=11.00 d Jgl=o
b) Calculate how much cm?® of 0.500 M NaOH solution must be diluted to prepare

500 cm?, pH =11.00 solution.

o0 500 cm® juasid dagasi ojMWI 0.500 M NH3 Jglowe o €M’ 6329 el cuws| (g
(Kp(NH3) = 1.78 X 1075 ¢us) pH =11.00 o Jglowo
¢) Calculate how much cm?of 0.500 M NHs; solution must be diluted to prepare 500

cm?, pH =11.00 solution. (K (NH3) = 1.78 X 107°).
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Question 7: Determination of Reaction Order from Rate Data

The rate relationships of a reaction are being examined. Equation of the reaction:

o3l 8359 § B3Siall D dyaSg dossimall Bg A gpo JS 34513 obisl Jgazdl pasly

The table below summarizes the A and B concentrations used and the amount of D

Formed per unit of time.

Ag+ 2 Bg— 2D

oo Jeladll dsleo Lo Jelbd deyull Jano OB dwlys iy

c(A) c(B) c(D)/At c(A) c(B) c(D)/At
(mol/dm3) | (mol/dm3) [ mol J (mol/dm?3) | (mol/dm?) ( mol ]
dm’® s dm?® s
0.100 0.100 0.00200 0.100 0.0800 0.00160
0.100 0.0500 0.00100 0.0500 0.0800 0.00080
0.100 0.200 0.00400 0.200 0.0800 0.00320
0.100 0.300 0.00600 0.400 0.0800 0.00640

S Gyl bo SA 55y e Jeladl deyw Jaso Sloicl 2ub gy Al dilbull pgwyll (o ‘{SI (i

SA 83lol) duidb Jelasdl diy Lo S(Z ol Y ol X ) pusuall JSidl pussy
a) Which of the Following graphs characterizes the dependence of the reaction
rate on the concentration of A? (Write the capital letter (X, Y, or Z) of the correct

Figure). What is the order of the reaction with respect to substance A?

X Y Z

Ratet Rates

TAAKR = AKAARA

Rate

c(A)

c(A)_
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b) Which of the Following graphs characterizes the dependence of the reaction
rate on the concentration of B? (Write the capital letter (X, Y, or Z) of the correct
figure). What is the order of the reaction with respect to substance B?

X Y Z

Rate 4 Rate 4 Rate ,

B) oB) cB)
S Jelasd] dyy 53> (g
c) Determine the overall order of the reaction.
Jeladl ji> amo Juldi p513] dilo3l doud) b diyléo ygSiall Jelatl deyw Jasno jiomn 8,0 eS (3
S(dbsd ) waill J]
d) By how many times does the rate of the above reaction change compared to the

original if the volume of the reaction space is reduced by half (compressed)?

n
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R=8.314 L kPa mol" K™

R=0.0821L atm mol™ K™’
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