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Electron structure of the ground state atom is K, L, M, 4s?.

What is the chemical symbol of this element?

Ca (A
Sr (B8
Zn (C
Ti (D
E;U‘J| J1gudl

& pasiay JEsl 518 (46 )31 s22)l) P pgaa3l
- | oo Jalail) ©lylull p3lge § 839250l 83amall wdgmall

S92l 8)3 8)dtmall Aol § 69,

Palladium Pd (Atomic number 46) is a transition metal used in the catalytic
converter at car exhausts to reduce pollution. Which set of quantum

numbers could NOT correspond to an electron in a ground-state phase Pd

atom?
n=2l=1,m=-1,ms=1/2 (A
n=3Il=2m=-1,ms=-1/2 (B
nN=4,1=0,m=0ms=-1/2 (C
n=5I1=2m=0ms=1/2 (D
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Consider statements regarding the valence electron structure of the
ground state atoms:
a) Valence electron structure of bromine is: 4p’
b) Valence electron structure of iron is: 4s? 3d°
c) Valence electron structure of cesium is: 6s?
d) Valence electron structure of aluminum is: 3s? 3p'

Which of the above statements is (are) correct?

Statements b and d only. Livd b oliball | (A
Statement d only. Lss d 5 lall | (B
Statements a and c only. L ya bl | (C
Statements b, c and d. dscsbaladl| (D
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In @ national center for advanced materials research, a team of Saudi chemists is
studying chromium salts used for coating metal surfaces in the oil and gas
industry, automotive spare parts manufacturing, and equipment structures in
national fFactories. A pure binary ionic compound composed only of two elements,
X and Y, was analyzed, and high-precision measurements gave the following
results:

e Thecationinthecompound hasamass number of 52,contains 28 neutrons,
and the number of its electrons is three less than the number of its positive
charges.

e Theanioninthe compound has a mass number of 19, contains 10 neutrons,
and the number of its electrons is one more than the number of its positive
charges.

Assuming the ions are monatomic and the compound is electrically neutral:

What is the correct formula for this compound, and what is its systematic name?

CrF2, chromium (Il) Fluoride (1) egySIl 23919 . CrF, (A
CrFs, chromium (I11) Fluoride (1) pgySIl 32ygl8 . CrFs (B
Cr20s, chromium (Ill) oxide I),og_,SJl.w»SI Cr.0s (C
CrCls, chromium (ll1) chloride (1) pgySl 3ay9ls / CrCls (D
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Two different compounds consisting only of two unknown elements, X and

Y. The compounds exhibit the following composition:

Y ypaisl| diis X ypaisll dlis Syall
Mass of elementY | Mass of element X | The compound
2755¢g 1.206 g A
4714 g 1.651g B

depall cilSy (-2) Sglung ol puSHall M5 § Y paisll s3usT sae ol cuole 13]
dusi Log §B LSyl diasul diiliossI dpall Lo XYz Lo A iSyall dbpuad | oSl
S (Xs:Xa) A iSyall U1 B Syl § X paiell sausHl slacl
©lgysI] Jlasl oyl sic paisll 8)3 lglass GUI dus|yddl disuid] b3Sl dac (daodo)
Al lwgygS Je¥l 8,31 I Mols Slauil baylg,l
IF you know that the oxidation number (valency) of element Y in both
compounds is constant and equals (-2), and the empirical formula of
compound A is XY, what is the simple chemical formula of compound B?
And what is the ratio of oxidation numbers of element X in compound B to
compound A (Xg:Xa)?
(Note) Oxidation number: the hypothetical charge carried by an atom of an
element, assuming that all bonding electrons are completely transferred to the

more electronegative atom.

Ratio (Xg:Xa) duwdll Formula dswuall
4:5 X3Ys (A
54 X2Ys (8
54 XaYs (C
54 X1Y2s (D
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152,85 35.50 Gglwi dig=ll elli § yolsU

03 § *Cl ybill i) du il dgiall duill Lo w5y5l Hilas 3929 e (o1y3L
Sdigsl

At a seawater desalination plant on the Red Sea coast in Jeddah, a Saudi
team of chemical engineers uses chlorine isotopes to trace salt movement
inside high-efficiency desalination units. Spectrometric measurements
show that chlorine in seawater consists only of two stable isotopes: *Cl and
¥Cl. For a large seawater sample, the measured average relative atomic

mass of chlorine is approximately 35.50.

Assuming no other isotopes are present, what is the approximate

percentage of **Cl atoms in this sample?

25% (A
50 % (B
75 % (C
875 % (D
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9oLy
NSMO

2oludl J1gaul]

pmi oo—pewadll dihio § Lbgas—ddgaull dyyell dleall § CuwSgdl cunlg) RS
JSbo deluo Jio diullyiw] wleluvo § 539 s3I oxs0gldl 2liY dnulall jsLowll
3320 dyy Al pguinegldl yailas 39 .dijasdl dBlall Glegyivog clidl slgog wl)ilall
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Saudi Arabia has important bauxite deposits—especially in the Qassim
region—which are used to produce aluminum. Aluminum is widely used in
major industries such as aircraft parts, construction materials, and modern
energy projects. Understanding the ionization energies of aluminum helps
explain how easily it loses electrons and forms its useful ions in these
industries.
Which one of the following equations represents the third ionization energy

of Aluminium?

Al — A+ + 3e (A
Al+ > A2+ + € (B
A+ > Al+ g + € (C
A2+ - AB+ + (D

iball clyslyllg aglall slyalgl




&

9oLy
NSMO

ol J1gul

andy.

bl dlb
st 2nd 3rd 4th 5th 6th
(kJ/mol)
X 578 1817 2745 1577 | 14842 | 18379
Y 1314 3388 5301 7469 | 10990 | 13327

LY 9 X 2 poiel) ddlisall il oBls JUl Jga=2l guny

The following table shows the successive ionization energies of elements X

Y g X o paiall 3bdl ge @il Syoll Flosol yisYl dapall Jioy b Lao

Formed by the combination of elements X and Y?

Which of the following represents the most likely Formula for the compound

XY2 (A
X2Y (8
X2Y3 (C
X3Y> (D

iball clyslyllg aglall slyalgl
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The graph below shows the direction of the Ffirst ionization energies For
some elements in the second and third periods. Which element has 5

electronsinits p orbital inits valence shell?

Lihgll ciludlyllg aglall slualgl

A (A
B (B
C (C
D (D
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Which of the Following represents the correct relative sizes of the ions:
Sc’*, K*, CI, Ca*, 5272
(A
(B
(C
(D
11
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Which of the periodic table elements shown below contains the greatest

number of unpaired electrons in the ground state?

Lihgll ciludlyllg aglall slualgl

Z X \% Y
X (A
Y (B
Z (C
\\Y (D
12
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The attached diagram shows the relative atomic sizes of three different

elements from the same period. Which of the following statements must be

X poisll § Yl oS dllnall 8lgdl dioud

The electronegativity value will be greatest in element Z.

The effective nuclear charge will be the greatest in element X. (A
X paisll § 353l peSiw Jo¥l el Blb

The First ionization energy will be greatest in element X. (®
Z yais)l § pSYl oeSaw Ol ySIEl s il

The electron shielding effect will be greatest in element Z. (

2 poisll § Yl ogSi dllgygl dasd |

iball clyslyllg aglall slyalgl
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order: Carbon, Oxygen, Phosphorus, and Chlorine

a2 iy 093 dalise polic dayl ve Olly el Jsazll e
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The attached table gives data on four different elements, in no particular

yaisll 63, @l e o3l ool @l
Atomic radius
Element number First ionization energy (kJ/mol)
(pm)
1 170 1086.5
2 180 1011.8
3 175 1251.2
4 152 1313.9
€3 @3) yausll o
Which element is number 3?
Carbon (g,5I (A
oxygen usunS ¥l (8
Phosphorus jgawgall (C
Chlorine yglsJI (D

iball clyslyllg aglall slyalgl
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There is a need to design a highly conductive and soft alloy is intended For
use in ultra-flexible pigtails. Which choice of base metals is most
appropriate from the perspective of ionization energy and metallic

structure?

80 Lgily3 yUbd] Blailg 135 dediye i dls Wl polic :
A
Elements with very high ionization energies and small atomic radii

dSyal 8y 8815 ligyiSllg B dirasio (bl ddlb wl3 yuolic
Elements with relatively low ionization energy and freely moving | (B

valence electrons

135 dyle dug S| dall wl3 yuolic (c
Elements with very high electron affinity

didlwgygSll dile diinzgllo yolic (D

Highly electronegative halogen elements

e guolsdl Jlgull

Cdyygldl dSuidl dSlb SLojl Cuws duidl OLSyol) pusuall Cudydl Lo
Which is the correct arrangement of the following compounds according to
the increase in lattice energy?

LiF, MgO, Mgs Lil

Lil < LiF < MgS < MgO (A
LiF < Lil < MgO < Mg$ (B
Lil < LiF < MgO < Mg$ (C
MgS < MgO < Lil < LiF (D

iball clyslyllg aglall slyalgl
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oguidl disui i Jolge dac J] O3l 130 gj=0 . Mg &3 (gl e Soi laguls
on Silinng g L3l bgmlo JSi ysuol 02 48 aiai s Cl™ disub o ST 02
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slgoil dbis glas) | Comd yuuds Jsdl Jies ddlil olbell sl odel Glbsall Je 2l
¢ MgO Syo
When comparing MgO and MgCl, compounds, it is observed that MgO has a
much higher melting point, although both contain the same cation Mg?”,this
difference is attributed to several Factors: the charge of the O*" anion is
greater than that of CI7, the radius of O* s significantly smaller, the
electrostatic attraction between Mg** and O*” is stronger.
Based on the information above, which of the following statements best

explains why MgO has a high melting point?

ggﬂﬂ§|)éw| JLs3 6,80l 0% disud ¥
Because the large O°" charge reduces the electron repulsion (A
MgCl> o 5iSs el &y yoly dSuis @8l elliay MgO ¥
Because MgO possesses a much higher lattice energy than MgCl, (®
H8L 3055 135 80 Oligal ellioy MgCl, ¥
Because MgCl, possesses very small ions that increase repulsion (
szl (0 dullwg g8 JST HolI ¥ o
Because chlorine is less electronegative than oxygen

16
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3s?3p°:(4) 6)Al ., 25*2p®:(3) 6yAl . 25?2p*:(2) 8)Al , 2s5*2p®:(1) 6yAll
ol Gl By
fGuud )Ll @il iee ol p )9 Soime elliai 2p7 (JosI3l mijgill ©IS 8yl e
63931 Jgazll Glalail 4] i 28 Lao Suads J8T Lol ogysl] Gluisl ooy el
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Oluis sie 3) )3l o Jaliy 15T Blb lad (4) 631 ol dupyzill GULWI ghts los o
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In an experiment on isolated gas-phase atoms, a researcher studies four atoms labeled
with the numbers from 1to 4. It is known that all of them belong to the second or third
period of the periodic table, and that their valence-shell electron configurations are:
Atom (1): 2s* 2p® , Atom (2): 2s* 2p* , Atom (3): 2s* 2p® , Atom (4): 35> 3p°
The researcher also knows that:

e The atom with the 2p® configuration has a relatively stable half-Ffilled p subshell,
so gaining an extra electron is less Favorable than a simple left-to-right periodic
trend would suggest.

e Experimental data show that atom (4) releases slightly more energy than atom
(3) when gaining an electron, even though atom (3) is smaller and more
electronegative.

Based on this information, what is the arrangement of atoms (1), (2), (3), and (4) in
increasing order of electron affinity (from least energy released upon gaining an

electron to greatest)?

(1) <(2)<B)<(4) (A
(1) <(2) <(4)<(3) (B
(2)<(1) <(3)<(4) (C
(1) <(3)<(2) <(4) (D

17
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Nitrous oxide (N,0), commonly known as laughing gas, is used in small,
controlled doses as a sedative in dentistry and healthcare. It is also
employed in cooking to aerate sauces, creams, and foams, such as in
whipped-cream canisters. Additionally, nitrous oxide serves as an oxidizer in
rocket propellants and motor racing fuels.
S N20 ss32 oipll JKivl oo M Sy ool Ko 3 dldl syl oo B
Which of the following structures cannot represent resonance Forms for

N20?
IN=N—O: | :N—N=o: O=N:
3 b C d e
3,C (A
¢, de (B
de (C
cd (D

18
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Sodium pyrophosphate, iron(lll) pyrophosphate, and calcium pyrophosphate
are inorganic pyrophosphate salts widely used in industry, nutrition, and
biomedical applications. The Formula of calcium pyrophosphate is Ca,P,0-.

Determine the Fformulas of sodium pyrophosphate and iron(lll)

pyrophosphate.
NasP207, Fes(P207)3 (A
NazP.07, Fe4(P207)3 (B
NasP207, Fe(P207)3 (C
Na2P207, FeP207 (D
gt Jlgudl

S C03%" 9 €02 9 CO 30 JS & C-0 dbuly Job podld pumuall iyl Lo
What is the correct order of decreasing C-0O bond length in each of:
CO,C0Ozand COs* ?
oradl Jl Ll go 0l § iyl s daslo

Note: The order in the options is read from left to right

CO > COz2 > CO3* (A
C0O32-> C0O2 > CO (8
CO2 > CO32- > CO (C
CO > CO3% > CO; (D

19
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Using the electronegativity (EN) values in the table below:

EN EN

Element Element
F 4.0 C 2.5
0] 3.5 S 2.5
Cl 3.0 H 2.1
Br 2.8 Na 0.9

You have the following species:

NaBr, HF, Cl,, CO, CS
Al bl douo daowd dullug g8l Ggas sl

lgall o dlWl glgs¥l b

Use the electronegativity differences to determine which of the Following

statements are correct:

a) Two of the species above contain polar | kulg)y Je lbgizu oMel EIQJ’XI oo oldl (a

covalent bonds. dudn8 droolui

b) One of the species above contains ionic | lulgy Je sgi=u o)LcTelg.i‘XIo,o.solg eoi (b

bonds. gl

c) All of the species above contain covalent | kulg) e gz oMl 5I9J'S!I o> (C

bonds. Ao Ll
d) Two of the species above contain nonpolar | kulgy Je bgizu odei elgi¥l oo ylegi (d
covalent bonds. dub8 ¢ droolnd

Which of the above statements are right? Cdousuo odlel Ol o ‘fs|
bsd c g a bl | (A
bid dg b ylb)lall | (B

dgbga uhl=dl| (C

dgcga wlhldl| (D

Statements aand conly.

Statements band donly.

Statements g, band d.

Statements g, cand d.

20
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Match the particles given in column (I) with their shapes given in column (11)
and mark the appropriate choice.
Column (1) (1) dg0=ll Column (I1) (1) dgo0=ll
Particle x| Shape JSSal |
i
i
a) SF¢
b) NO3-
¢) PFs .
d) CCls
e) CO32- v
F) SnCl
g) CO2 v
h) SO3
Vi
Vi v iv iii i i
h g F d,e c a,b (A
h a C d b, e f, g (8
F a C d b,e h g (C
g F d b, e 3,C (D

Lihgll ciludlyllg aglall slualgl
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Study the attached table, which contains data for eight different chemical
particles. Each particle contains only one atomic nucleus. (The capital letters do

not represent the real chemical symbols of these particles.)

s Oligigyll dae OligyusIl sae Oligyigull dae
Particle | Number of protons | Number of electrons | Number of neutrons

A 18 18 22

B 17 17 18

C 16 18 16

D 19 19 22

E 20 20 20

F 19 19 20

G 21 21 24

H 19 19 21

oMel diluousIl ol dalsiall AWl ollsll S8
daliso yolic diled] diiliosS Olowws Je Jgaadl sgimy (3
Solg yuoisl dalise il Lo H g F 9 D Olagusll (b
@3 g8 638l Ologwall Lol 1eslS g0 C @uuzll (c
awds JiSI 332l Hg E g A Ologunl (d

Examine the following statements about the above chemical particles:

3) Thetable contains chemical particles for a total of eight elements.

b) D, FandH aredifferent isotopes of one element.

c) Particle Cis a cation, the others are atoms.

d) Particle A, E and H have the same mass number.
Which of the above statements are correct? Cdousuwo dylud| Oyl “CS|
Statements b and d only. L d sb ol | (A
Statements a and ¢ only. A sa bl | (B
Statements a, b and d. dsbsac bl (C
Statements a, b and c. Ccsbsacld| (D

22
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Which of the following Formulae shows a correct formula For an ionic

compound?
H.S (A
Mg20 (B
CF4 (C
BaCl; (D

ogrillg puell Jlgull

Examine the following quantities:

48 OS] el

. CHa plizall £ 53> § Wligigyll dae

HCl gy augll 2)9lS e 532 § ©ligigyll sac

NH; ligodl e3> § wlgigyll sae

Nz (uzgyudll 53> § Wlgigyll dac

Selall 2552 & ©Ugigyml 3ae Golmy dityludl OloSIl o sl

3) Number of protons in a methane molecule CHs.

b) Number of protonsin a hydrogen chloride molecule HCI.
c) Number of protonsin an ammonia molecule NHs.

d) Number of protonsin a nitrogen molecule N>.

Which of the above quantities is equal to the number of protons in a water molecule?

Quantities a and c only. it ya gl (A
Quantities b and d only. Ldd 5 b olsl (8
Quantities a, b and c. .C sb sa sl (C
All of them. AFEIPEN (D

oiball clyslyllg aglall slyalgl
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