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MULTIPLE CHOICE —NO CALCULATOR ALLOWED ]

Unit 1 Practice Test

I. Rutherford's gold foil experiment studied the deflection
or scattering of alpha particles, now known as helium
nuclei. Most of the alpha particles passed through the foil,
but a small number were deflected at very large angles.
Which of the following statements represents a structural
feature of the atom that was validated by these
experiments? l
(A) The positive charge is distributed evenly throughout

the atom.

L‘(’g) Most of the volume of an atom is emm
) The atomic nucleus contains an equal number of
protons and electrons.

(D) The majority of an atom’s mass comes from the protons and electrons.
(E) The nucleus is a dense center of mass and negative charge.

Soone i partaces aze scainend Mosta pertickes
e wededenand

2. For which of the follpwing pairs does each atom contain the same number of neutrons?

(A) m'trogcn-M and oxygen-16 ©) alumiriin-27 and phosphdris-30
] (D) ncorll:?? and magnesium-24 '
e e

(B) silicon-28 and sulfur-32
1o
3. Which of the fbl‘lpwing pairs of ions are isoelectronic ?‘ X

i
(A) Me**“and §*© © F*%nd c®
(B) AI** and O* ‘
l {0 10

(D) S¢** and Ti**
4. The element boron has two naturally occurring isotopes: '°B and ''B. Which of the following
represents the most probable data for the relative abundances of these two isotopes?

Abundance of boron-10 | Abundance of boron-11 |
@A) 20% 80% ¥
T®)] 40% 60%
[(©] 50% . 50%
[(D)] 80% 20%

5. Which of the following [ Covalent (Molecular) Compound | Ionic Compound
choices has correctly \ "['A | SCl,, CO, NBr; SnCl,, CaO, NiBr;
classified all six B Snéfr, CaO-NiBrs— SCl;, CO, NBr3
compounds as being ICc] CO, Sach, NBr; Ca0, SCly, NiBr;
either ionic or D] Cao, CO SnCl,, SCl,, NBr3, NiBr; |

covalent?

C:V}\-

presented in the data ﬁlb_k’.gelﬁ\\". -

6. Two types of electromagnetic radiation, X and Yﬁ;ﬂ" length (@) Energy (1) J
Type of electromagnetic radiation | Frequency (s7) | Wavelength () 102 |
- X T 3x 107 1x 107 2x 107
‘ St 9
Y 3Ix10M Jp ? 2 N

d energy associated

Which of the following are the most probable values for the wavelength an

ith Y 2 ¥
with Y ? WO 1 x 1w m, £x 107

A)1x10%m, 2x 10°]
EB)) X 10%m, 2 10 (D IxT0°m.2x 1071\

Ground State | Excited Sta@
(A)| 1522s2p° | 15°25%2 p°3s!

7. Which of the following represents the ground state

electron configuration and an excited state electron R Tl
configuration for the same element? {_1®B)| 1s2s2p 15°25°2p°3s
(©) | 1522s%2p“3s! 15°25°2p°

(D) | 1s22s22p°3s? | 15°2572p°3s’

8. There are eight elements located in Period 3 of the periodic table. How many of thc§c :L T
clements have a ground state electron configuration that contains exactly two unpaired e

electrons? §3 S
(A) one Y \(B) two l (C) three (D) four T)L /—t 1

9. When electrons are removed from an atom to form a cation, they are always removed first
from the occupied orbitals having the largest principal quantum number (#). Which of the

following represents the ground state clectron configuration for the V3* ion?
\ (A)[Ar] 3d? (B) [Ar] 3d'4s' (C) [Ar] 4s? (D) [Ar] 3d%4s?

10. The diagram above represents
the photoelectron spectrum for
beryllium. Which of the
following statements is correct
concerning Peak A and Peak B? ] 3

(A) The electrons that are represented o 100 10
by Peak A require more energy to remove Eaie S (e
because they are located in a full orbital.

(B) The electrons that are represented by Peak B require more energy to remove because they
are located in a full orbital.

(C) The elecirons That arc represented by Peak A require more energy to remove because thcy\
are closer to the nucleus.

(D) The electrons that are represented by Peak B require less energy to remove because they are

located in a half-filled orbital.

Relative Number
OF Electrons
Sk
)




(A) atomic radius
\ ) 1* ionization energy

the following reactions shgul% not occur?
L(A)la + 2KCl > 2Kl + Cla |

| Element Atomic Radius (pm) | First lonization Energy (kJ/mol)
Calcium 194555 il 590
| Potassium | T, O AR
11. Based on periodic trends and the data in the table above, which of
most probable values of the atomic radius
(A) 120 pm. 419 kJ/mol
(B) 120 pm, 633 kJ/mol

Ny
the following are the
and the first ionization energy for potassium?

{.(C) 242 pm. 419 kJ/mol |
(D) 242 pm, 63 mo

12. Which of the following properties tend to decrease as you move from top to bottom down
Group 14 of the periodic table?

(C) metallic character
(D) reactivity with oxygen

Successive Values of lonization Energy (kJ/mol) for Element X -~
RN T4 3 L Is I NEAR2
: b @
578 | 1817 |( 2745 | 11575 ) 14830 | 18376 73 N
13. Element X is located in Period 3. Based on the information in the table above, what is the
most likely identity of elefient X?

(A) Mg { (B) Al (C) Si (D) P
14. Which of the following series is listed in order of decreasing radins?

(A) K9K.Rb
(B) Ca*.Ca Mg

(C 2~
\ (D) P> PN

15. Based on the trends in chemical reactivity for the alkali metals and the halogens, whichdf

(C)2K + 2H,0 > 2KOH + H;
(D)2Na + H, > 2NaH

(B)F; + 2NaBr - 2NaF + Br;

16. Electronegativity is defined as the tendency of an atom
(A) to donate electrons to other atoms in a chemical bond

[ (B) 1o attract electrons toward itsell in a chemical bond |

—{C) 10 share elecirons equally with other atoms in a chemical bond
(D) in the gaseous state to gain an electron to become an anion.

17. Which of the following compounds contains both ionic and covalent bonds?
(A) zinc selenide magnesium sulfate

(B) dinitrogen trioxide (Dy iron(IT) chloride

18. Which of the following molecules has a Lewis structure that is idcn!ical toNI; ?
(A) sulfur trioxide (C) chlorine trifluoride

(B) boron trichloride \W

<
< — .
0 20
19. Which of thc' following molecules has a Lewis structure that contains exactly one
nonbonding pair of clectrons on the central atom? I i

(A) sulfur dioxide (C) dinitrogen monoxide
\*(-Brcm'bmrd'isﬂﬂ'iaé

(D) oxygen difluoride

20. Which of the Lewis structures below best represents the molﬁculc C 3&7/’4—-—-’?,
H H H H H H , |
(I;_CI_Cl H—(I;=c=(';—|-| H—C=—C—C—H
C
wl | ® I O
21. Wh‘ich of the Lewis structures lgglov«" best represcm&{hc—mglccu\c NOJF ?
S - :0: - 108
'?/N\(o)/g;\ f!['r"' LIH-\
2 -~ 0
“ ¢ N - e Nooe A e e
N @E" & (o F e o N\

0
22. Polyatomic ions that can be described in term e than one Tesonance structurevinclude

L. nitrate
(D) L, IL., and III.

II. carbonate
23. Of the three Lewis structures for the cyanate ion (NCO-) shown M:, the most favorable

I11. phosphate
(A) L. only
(or dominant) structure is

(B) L. and II. only (C) II. and III. only

| (o) ) -\ -7
2O M O SO L =
(N=c=18) (n=Cc—& [i—c=0]
#1 #2 #3
(A) #1, because the lengths of the C-N and C-O bonds are equal to each other

{_(B) #2, because it places the negative charge on the most elecironegative atom |
(C) #2, because C-N bonds tend to be stronger and more Siable ds

(D) #3, because it produces formal charges that have the largest magnitude

24. Which of the following series is listed in order of ingreasing O-O bond length? -
(A) Oz, 03, Hy0; (C) O, H20,, 05
+ (B) O3, 02, H;0; (D) H20,, 0, 0;
UM OE H—0 -0~ K

oo
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+ §70 | — \2LO
\§O + 3x1Y0 | 2X3r*np

L) + 3Chg) > 2ICL(e
¥ 35 Accordi : : 3(&) AH?=? ‘REE RESPONSE ~ CALCULATOR IS ALLOWED
7 25: f:“(,‘rdl;f t(z) the data in the table below, what is the estimated value of AH® for the reaction FHER KESTONSE - CALCULATOR
SRONLETONS. 1. Fill in the table with the missing information. Each Nuclear Symbol should contain the mass
| Bond | Average Bond Enthalpy (kJ/mol) number and the charge. 5
i H 150 Nuclear Symbol | Charge | Protons | Neutrons | Electrons
CI-Cl 240 , 3 :
| I-Cl 210 HS]p3¢ +3 l’{'ﬁ (0 (.0 L’,{p

(A)—1260 kJ [®-3%K (C)+180 KJ (D) +240 kJ s2p3-

3 |lg | lb | 1B
34

26. Which of the following choices represents the correct estimates of the bond angles in gic == -’2 2] 20
methane and water? - e 3¢
| H-C—M bond angle in CH, | H-O—11 bond angle in H;0 137
) 90° 180° & +2 56 81 54
{ 1® 109.5° 105° ) _
(g; :gg§° l:);)éso" 2. For each name, write the correct formula. Indicate if the substance is ionic or covalent.
-° Ionic (I)
Chemical Formula Name or
\ 27. Dichloromethane (CH>Cl:) is best described as a Covalent (C)?
(AYpolar molecule that contains polar bon
(B) polar molecule that contains nonpolar Bonds (\0(10?) S caconale -
(C) nonpolar molecule that contains polar bonds % @ CC( ) ) barium chiorate g
(D) nonpolar molecule that contains nonpolar bonds 21y
N 5 D dinitrogen trioxide (6
28. The hybridization of the carbon atoms in acetone, (CP‘!;)zCQ, is b&gt described as A0 :
(A) sp? for all three carbon atoms 5 “ Pl = " @\)\-\\Oq‘ PDL\ ammonium phosphate L
(B) sp? for all three carbon atoms 5? N & e N \

ci n. z3 o o (& ~CH gF‘-{ sulfur tetrafluoride (a
(D) either sp? or sp 5(, A 5 :

lif 7 . For each formula, write the correct name. Indicate if the substance is ionic or covalent.
29. Which of the following molecules contains exactly three & nds and two ® bonds?
@A) C:Ha |

Chemical N lon;i )
{—\/ C—:: Sy H fom Covalent (C)?

(C) SOs

(D)N:O ¢ | didaloving  eyptoxide
Mg(NOs), WLCL@Y\.QS\' UL nityadts
K2 potassium  swlfide
R phgphonus  pentabronude
Pb(C:H;0.). l CC\d(H) GL(I-'}'TL“’Q s

H {0 HH e




=
| Element

' 1* ionization energy (kJ/mol)
~Sodium

H 3 . itrite i J
496 Mﬂdﬂﬂ) 7. Answer the following questions related to nitrous gcld (HNOy) ?;"d the nitrite ion (NO;).
: 4562 1 b E ot Al
Magneﬁlum 738 * (a) Complete the Lewis electron-dot diagrams for HNO: o MOy dreving W required
Potassium 419 3052 number of electrons, including bonding pairs and nonbonding pairs.
6. Use principles of atomic structure to respond to each of the following,

S0 ||| o= 2

(a) :[;;Zl::sl];v;y the 1* ionization energy of sodium is less than the 1% ionization energy of H o(')v N 9 [ 9 N %
ot h valkia elethpne ave n Y 3
ovbital, bwt My s wwve  profons
S valenw  glet

(b) Identify each of the following for the nitrite ion.
m nS ey ‘J‘C Nece o (i) Geometry (shape) of the ion: hent— =
NVUY  CfHech chna vo (ii) Hybridization of the nitrogen atom: ___GD
(b) Egg).laiﬁs \\‘f(l}y the l“koen/ization g\ﬁg&%%i}ta‘fs%m is ]L/}S %&nct}\lgef ‘G\i;}x/ization energy of '
PS ‘f’lcu{mS'S(l LLM‘S V ol u‘q 73 -QLCO'I’TUJ’W @a& CUC&L}’CCI :rl;cli};[tlzg)éerﬁ;)\l:cule has been analyzed to determine nitrogen—oxygen bond lengths. The results
(ﬁ/{, H’V\ﬂ. Y OLWCUQ M m W niucelens WU/) Nitrogen—O?:y%;r\}O
sbdowm's. KIS 4s Llechon (S more pop Lenetie EUNC:
siuetded and bss stghily hed b ﬁ.& 118 and 143
(c) Explain why the 2™ ionization energy of magnesium is higher than the 1* ionization energy
of magnesium.

pAfer e (5 plechon 1S rentoved, AL

vesuwlr s an m?j* [,
Ly 1o vemave

(c) Refer to the Lewis structure for HNO, that was drawn in part (a). Identify which of the N-O
bonds in HNO; has a shorter bond length. Justify your answer by discussing the relationship

l + YeLhAMA Y 2SS o Ye between bond enthalpy and bond length.

ol ¢ lechon 14

. : bl -bvnded +
| rtvegen G 5 :
s wo&%mﬁnm e ShorRst  bond lengih.
posiniwely charged o $hah S newtral( afome Thg, wwve bends, He higher #e bond
xplai e 2™ jonizati rgy of sodium is higher than the 2" ionizatiol f s
il s e Dlnie ontvguy and Hn shonr Vi Lgt;iz ;LS,\
whareas %(/&. only has | Affer +Hg Y
3¢  valtna  Llecthn Aom Na S removed (d)1t has been determined that the two N-O bonds in the nitrite ion have the same length. Use
Y3 e d ‘e(/@(/hfu}’] L&/WLC:], lge r emoved ﬁ//Um principles of chemical bonding to explain this result.
e W oot whedh woudd  reguire

- res Jru cheres
e NO,™ has 2 resonance tr

(e) Which of the three metals listed in the table above reacts most vigorously with water? Justify

The
N pitnke ivn molecule  behaves as an
your answer based on the information in the table and the reactivity of metals. ovevi % O ‘F ,},W 5 Z cS:'h U CTLCrC S
Potassium ALl reatt must V’mei‘j .
VUH’V\. water because + has i (e) Estimate the bond length of the N-O bond in the nitrite ion: IBI0SS pm
Luvest [bnizafith ergy) and
Hurfyve  Can Lise an” eletfron

S {M[Lj.




4. Answer the fi i estions
following questions based on the propertics of electromagnetic radiation.

(a) A light source emits yellow [i
this light in units of . Show

c=VvIA
C2x10° M[s)= v (580%10 )

. N
ght witha wavelength of 580 nm. Calculate the frcqt}c/ncy of
your work below in order to receive full credit.

- 7
5.2<1D .

(b) Calcul.azc the energy of a single photon of this light in units of joules. Show your work
below in order to receive full credit.
E=WW

=(b.2xto o (& )

(7
3.4 x(0 ;

(c) The Br—Br.bond has a bond energy of 192 kJ/mol. Does light with a wavelength of 580 nm
have sufficient energy to break the Br—Br bond? J ustify your answer with a calculation.
Show your work below in order to receive full credit.

2 2
e e A
phaton

1000 J l
ey, URS . 20b D 2192 e

¢ (d) The wavelength of Infrared radiation is ( shorter l longer ; than 580 nm.
Therefore, the energy of infrared radiation is'(‘lower l higher ) than the light mentioned in

part (a).
It is likely that infrared radiation ( would ‘ wouldn't i have sufficient energy to break the

Br-Br bond.

5. Answer the following questions based on the principles of atomic and electronic structure

Element #1

L
‘§ : [ = T —ea—
Zf=—=———ai=—ec = [v] — = —
e —==
= ] ! 1
1 T 1
10,000 1000 100 10 1
indi Y
Element #2 Binding Encrgy (eV)
i :c]
3 = =
Es LE}
= o l
35 1 | 1
o
1l 1 1
1 T T
10,000 1000 75 A !
Binding Energy (eV)

(a) The diagrams above represent the photoelectron spectra (PES) for two different elements
located in Period 3. Identify Element #1 and Element #2. Label each peak in each PES with
the name of the orbital in which the electrons are located. Identify the orbital with its

rincipal quantum number () and orbital type, such as 1s or 3p.

Identity Identity
of of

Element a ) G D Element & B C D E
#1 #2

No lIs [251%p]3s] | S [\s [25[2p]35

J
p|
(b) Explain why peak E is twice as high as peak D in the PES for Element #2. .
Tvere are M eledmng (v e 2¢ orbito,
which 1S Ywitte (S ma s M numbr
of decains tn Y 3s grbital [2)

(c) Explain why peak C has a higher binding energy than peak D in the PES for Element #1. «
tlecdhmng th e 7,%) ovbitwl are ploser 1O
Ye,  nuclgns Wx&tf\ S ovbdnl, Elechions in
g 2p OVl \;o»\ el o greeRy nuclewr
(d) ExplainC(\m%Elemem Jz%i % lkél!eﬁindl‘;lglcr?e);gg lhaxgp‘&Q AEQ Efj):merm.

, e YRR (W)
M fuwy Wil mbre  prtvng e Bl itr

Man  sodumt S~ Ve (S
Yeihons . Swwr  feel a
renkr hncleay ey Hlaain

“Sodun F reguire  nnore ehergy
NIV renpved



S. Filli el o . . S Ly \
8. Fill in the missing information in the table below tor five dittferent fluoride compounds.

Bonding T
e | Bomendre i
Molecule on SULTCR Molecular Geometey olar or
o L:‘mml Molecular Geometry Nornblar?
Atom o
~ - 7\ 3 - o
BE > C taondl_planat NF
: , \ ,
NFy ) \ Py vranad e P
> 11 i s i ' i
iR SIS Q -ty e dral NP
SFy L i fee~saw P
2Rt 7 |[Spuare planat | NP
— L 1

9. Answer the following questions related to xenon trioxide.

(a) Determine which Lewis structure is a better representation for the bonding in Xenon
trioxide. Justify your choice based on formal charges.

% A ,:'.} X —\ .r“z -\ ) =
20—.\'e—6: :(.)—Xe‘—.c.): o= e— 00
LL] ] »e an II Ll an |I an
HOX HOXS HON 3
Zaf 0 0

0
‘,’—_‘ ')
il atoms have Q@ ﬁ;‘fmal cthczrgc dif

(b)Identify each of the following for the preferred structure of the xenon trioxide molecule.

(i) Geometry (shape) of the molecule: P\{I) Y i )I’VI/( d a

(ii) Hybridization of the xenon atom: <

=)



