' ntroductlon

* v . . . . i ' " - . ) . ,'"
1., Whatisa chemical bond? __ ’//L ﬂ”rwﬁrm of ¢ l(‘uzém 5’; 2 Auwcde, L

. & o
2. How does potentlal (ston;ed) energy change when‘ a chemlcal bond is fomied”
#‘mww wi dﬂtl"{if@ /Lro’/fwag

When a chemica{ bond is broken?" i L
entre will  ia é:MMc fa do fﬁumm)
"Compare the potentxal energy of two atom§ in chemlcally bonded condmon to their energy ., -

’ N\
when separated. _ /ov<r whon' /;p.mj.,..g ¢ | . -

o

v : Generally, systems at lower potentlal energy are _ /MO Mo (xp‘or‘e/ less) stable than
systems at higher potentlal energy. , : P
. How is the stability of a substance related to the potentxal energy of that subst,fance"

I!dis {&ufm; Mo se S#AL[ ) : '
. Descnbe two ways in Whléh tﬂe valence electrons o§ atoms part1c1pate in bond formatlon.

. .. Sl‘)A—/t %Mm}ﬁﬂr o 4 : .

lonic bonds . :
What is an ionic bond" ¢ , { c.“‘?ol#u ERJIEN "“f O Nfc f @J -Cre A é A f ‘»Lu f‘im xmf
W ions aes Tha s &'f’&heﬂiu’ fo enc oflr '~ Ale>i~ '

. What other name is sometimes given to ionic bonds" : 6L00+f0\m;_ha ‘}'

. How are positive ions formed? é} ye. £ !f w ‘i g :
s
10. How are negative ions formed? fi Ao ¥ {@ci R
. When an atom loses one or more electrons to form a positive ion, energy is ﬁéé Y2 éu/(
(absorbed/geleased). Fon 24-119 ~ @y 2
2 When an atom gains one or more electrons to form a negative ion, energy is M Lf Afe
(absorbed/released). ' . '

! ’ b
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Dot dlagrams forionic compounds v s

' 13 Choose words from the word list to fill in the bk 'ﬁsﬁn la%e f ollowmg paragrayhs relating to

“the "construction of dot diagrams. for. bmary romc compounds The list pairs words that
have contrastmg or related meanings. ‘ : e

3

. Word List : S
. atom/ion Y  gain/lose . " positive/negative
- . configuration *. kernel/valence symbol ! -
' eight metal/nonmetal o / . -
When atoms form ions, they usually Ghe or 03¢
enough electrons to achieve the electron Go.. ﬁgd"-‘”éﬂ of a noble gas. Metal atoms
loxe electrons; nonmetal atoms 9Ahin electrons. The

electron dot symbols for elements can be used to construct dot diagrams for ionic compounds.

' Dot, diagrams for monatomic ions show electrons gamed or lost. In a dot diagram

- the _O; S Lid bef for the element represents the- Mo / of the- ion.
. Square brackets are used to emphasize the fact that the structureis an __ Ton
not an atom. The charge is written outsrde the brackets. \ ’
For 0¥ hye ' ions, generally no electrons are indicated since all the .
MA’(-L"C—"\ electrons have been transferred. This accounts for the 10 031 f1ve
charge of the ion. ' ‘
For nonmetal ions, generally the number of electrons shown is 4 jA f ) since
enough electrons are transferred to the previously partially filled’ V. /s 2 «K shell
of the nonmetal atom m order to form the _Fon . Both metal and nonmetal

Jons have achieved the noble gas CizmQa Yre )‘m«r . I
In order to represent a binary ionic compound the appropriate number and kind of ions afe
used. Thus the dot diagram for the compound Mg;N, is: i

»

. P (Mg [N]*
[Mg]**

[Mg]* [ ] -

Construct dot diagrams for the following ionic compounds. -

14. Nal 17. Na,S, 20. RbBr
N [Z3 7N [5}"‘ R [BA
15. CaF, 18. BaO 21 LN
Py [Fj’ B\“ [’.6"31‘ ‘ 2 L*f P

16. AICL : 19. K;P
ﬁly 3[_(’/,’3 i 3K’ [:éfy
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Name L _ Class Date

The"ChemlcaI ABond il
Covalent bonds
the

1. What role dp valence electrons play in covalent bonding?

g A Shed
/"rc‘f)/mp Ajl)b[—‘* (7'45 (L‘C‘l""’" Cb“f’)‘w

T

2. When atoms are bonded together covalently, what two kinds of strilcturea may result?
, é‘i a IlE !}f §r g o (’ﬂ?ﬁ' A TS gm;‘ﬁ»@ e W
3. What is a single covalent bond? ‘decwlﬂm &&Muj
4. What is a double covalent bond? "/ o4 LL a S N SLLM’?J
5. What is a triple covalent bond? é & /(-C%ro-u' Sb" re u{

gy

6. How is a coordinate covalent bond different from an ordinary covalent bond?

goﬂﬂ oQ ft& é’éuc{ifem; Coma -f:o«m«« ﬂ\( N ‘a f’;’%/m
+o -Corn-. ﬂu Gunbe f bonet !

7. What kind of compound frequently shows coordinate covalent bonds?
i@of; ﬁ/nm S toAaf

Dot diagrams for molecules and polyatomic ions

8. Choose words from the word list to fill in the blanks in the following paragraphs relating to

the construction of dot diagrams. The list groups words that have contrasting or related
meanings.
Word List
atom(s)/ion(s)/molecule(s) metal/nonmetal
?. eight/four O(oxygen)
: ' ‘error " pairs
' "' kernel/valence share/transfer
‘.
; When atoms are held together by covalent bonds, a : f*’h )} (CCUL‘- or a poly-
r atomic I oN is formed. The electron-dot symbols for individual atoms can
3 .
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il

“be used to construct ddt diagrams for molecu]es and polyatomic ) on , The

symbol for each element represents the nucleus and __ f/ (W7 2 | electrons. When
amms\.fgrm@ovgjhgnt (or_,coordmate covalent) bonds each atom must share enough electrons to.'

AT § shell w1th at least a share in the total of
“eleétrons, that is, Gl pairs of electrons. .

Constructing dot diagrams becomes a trial and LCrofl | process until a
reasonable structure is drawn. The following suggestions will help reducq the number of trials
and errors . A’ )Zu ' , :

a. Choose a central atom, generally a(n) m other than H or O, which is
bonded to not more than ' other atoms.
b. In ternary compounds, H atoms are generally bonded to Oxvy J@fﬂ : atoms.
c. Arrange atoms as symmetrically as possible around the central atom; try to represent the
\/h! tnt e elecirons of all atoms as ____JO AV/S of shared and
o unshared electrons. r
. @,gtg' The diagrams below represent CH, Cl, and HNO;.
B gy - .
Y ! i '
single single A
T~ H :0%  double
e N
. HYC! q | H:0 N Q:
W single } g
. i smgle / single \coor inate
'CHC, : ' HNO, -
3 ‘iﬁ . 1
L. Molecules
TR ,
Qi £ Construct dot diagrams for the following molecules. For molecules 11, 20, 21,‘ 25, and
b3 27, identify bond types as shown above. )
9. CH, H 12. Cl,
' } L 3 ' Il. « 7 -
- C-H -0
} ¢, ¢
By
10. H, 11. PH, '
us f /
}

}7
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1

Atoms can bond together to form polyatomlc ions as well as molecules Itis usually most con—
venient to regard polyatomlc ions as denvatlves of their related ternary acids. A dxagram can’
: :_descnbed at: »

— p—

. JoH I B
T L0axx .. e XX .. | - ie XX
HSO XPLO%H |30 XPX O%H 0¥
Xe "t oxe % _ T x
:0: RO I :0
H H B
H,PO, " HPO,

Construct dot dlagrams for the followmg molecules and polyatormc ions. For ions 32, 34, and
38, 1dent1fy bond types as shown above.

SRTHCIO, | - )Q HNO,

- 1 : ‘ : ; s L
32. Clo- . T 39. NO,- R
7 g — - 4 .
el -0 : ’N\;\ v -}~
33. NH, 40. H,0 e O
fé
- N - H-0:
3 \
it l'f '
34, NH.* [ \ 41. H.0*
hY
' 1
A~ Nj-t+ H-o-H
AY f
35. NH," - 42. OH- i4



* Name . R - Class>- _ Dae______"~ .~ _ LS

5 Actlwty 4-
L The Chemlcal Bond m

Polar bonds and poIar molecules

1. How does a polar bond dlff r from a nonpolar bond? /4‘\ /4 ((«Olﬂ “ ¢&A‘im KL
ftree. bto. & 9 Alas -
2. Howdoesa polar lJond differ from an ionic bond? m th Arr 4-4 b2 !
\)/V;/ﬁ/{ WA {’V'(A ?? j 'EEU&. ol | £ L ’ ? l:u ﬁd}él\ CAL
AR wmjaua c'u ')’Toﬂéw fwl Mo A ~£vr ':r()-’l g

3 How is electronegatmty dlfference used to help predict bond type" What values separate

ionic from polar covalent bonds? _- . i

’yé—l}wc A B
Q< M+ <3

_ 4. What is a dipole (polar rrlolecule)? ' .
' ' A ﬁ\«u@ (5 An _ ﬁgg M’fuf 2f dlﬂw B %ﬁ =
. od ¢ éﬂ&f@,x Fe @r At o dr ’

5. How do polar bonds contribute to the polanty of a molecule?
. &4'\ !NLAIAUC& 'Fe ﬁufﬂr éuwr LAV S ﬁ% ﬂfeétvéf—

gﬂw EM ﬁ&{éﬁ

6. How can a molecule such as CO, or CH,, contain polar bonds yet still be a non-

polar substance" , A S £ ;ajm j.} bA!W(A .
‘ - 4 at é o Bys '
7. What physical properties are characteristic of dipoles?__ Da J§ u‘ffu Lt ”:. @

[l

8. Why does water clissolve many ionic cornpounds"l W A‘/T e s i% [ﬁlﬁ .
| ‘” Aﬁ(ftw[? ﬂr Céﬁﬂeﬂf Yy

)

-' NefWork solids SM é T
9. Describe the bomﬁmg in network solids. &) W@ ZAA 7 U "! ) ’

10, What are the significant physical pro ertres of nez work solids? _ﬁgi__ﬂ_@i_ﬁ
; ’a &a{ 'la(t. thy
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. Propertieé of ionic solids

1 1 Ionic sohds have relatlvely ,

13. Describe the electrlcal conductlvxty of ionic substances m the solid,

solution phases. __ /hawv:j ' C 114!& < l«ca(ml L

14. What two kinds of elements are most likely to react with each other to form binafy ionic
compounds? MiTA L&Jg A gm aataly

: .The metalllc bond N # o
s Descrlbe bondlng in metallic sohds AT17 e _g "Dl' !0«! 2 @m é’rJ/ Vl '
A e a? z;f&m”

16. What are the sxgmﬁcant p ysical properties,of metaihc solids? . h @4 b‘v 0‘1{'

{ ‘lﬁf‘i % ‘L“I f[ AIA
| Hydrogen bondmg

)

17. Drawa dlagram to 111ustrate hydrogen bonding between molecules of HF.

18 Under what circumstances do h?rdrogen bonds fo !j ko{f“% é y 1 9!9 ‘/‘f £
’S',y‘ﬁ.’ n \ L\ 2 @ébﬁtl[m .»4-}1‘«

19. What propernes are assoclated w1th compounds contamlng hydrogen ands’ —
‘ﬁw M,,af,v‘u | 3,9 o
L : \S“Lf‘;» Al _Ei“"g?pm"b“c"/&%‘r %F e

S

Van der Waals forces ° ' | R

20. What is the source of van der Waals forces? _ ‘ Mowu/%m} ‘{ I'QQ;&_ tn G
f"ﬁ;}a'g@a lae e lee e

21. What factors determine the magnitude of the van der Waals forces actmg ‘between molecules?
MAsSs . #H & @l*ﬁé‘éﬁﬂkfcl’ b aa f’sé’em
+‘Im,9 _ @ an Sy L A[du’ ‘
22 What propertles of molecules are assoc:ated with van der Waals forces" : |
' lemimmw _Be,
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"Bondmg I

Appendix as needed.

1. During the formation of an ionic bond, the atom that transfers its valence

electron is the atom with the

(A) higher electronegativity value
'(B) lower electronegativity value

(C) lower ionization energy

(D) higher atomic mass

2. Which type of bonding predominates in solid potassmm chlonde KCI"
(A) ionic (C) hydrogen
(B) metallic (D) covalent

3. What type of solid is formed when two elements with greatly dlfferent elec-
tronegatrvmes combine? ' \ ' :
(A) ionic (C) covalent
(B) molecular * _ (D) network

4. What type of bonds are present in magnesium metal?

(A) covalent (C) metallic oy
(B) ionic (D) van der Waals

5. As the difference in electronegativities decreases, the tendency for elements to
form covalently bonded compounds g
(A) decreases (B) increases (C)remainsthe same

:6. The bonding in silicon dioxide (Si0;) can best be described as .-

(A) network bonding (C) ionic bonds -

(B) van der Waals forces (D) metallic bonds . .
7. Which of the following contains a coordinate covalent bond? '

A)  HxH © - HiNiH

. XX + '
(B) HxOxH (D)  xNEIN:
H .

8. When nonmetals chemically combine, they tend to form
(A) negative ions or covalent bonds ,
(B) positive ions or covalent bonds & '
(C) positiveions only g
(D) covalent bonds only , v
What types of bonding exist in sodium hydrogen sulfate, NaﬁSQ.?

A-Ce,

0.
(A) ionic only (C) both ionic and covalent
~ (B) covalent gnly D) both covalent and metalhc
10. When sodium and chlorine unite chemically, energy is

(A) released, and ionic bonds are formed

(B) released, and covalent bonds are formed
(C) absorbed, and ionic bonds are formed
(D) absorbed, and covalent bonds are formed

. A
\ cl /
Ne .

L

AR :

Select the best answer and write its Ietter in the space at the rzght Use the reference tables in the
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13.

14.
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{A) CsCl
15.

16.

7.

. Which'molecule is a dipole?

. . | P ’ .
Silicon compounds usually exhibit bonding which is primarily
covalent (C electrovalent

SR (D). coordinate

of the following in its solid phase contains posmve jons n‘nmersed m .
“$ea'of mobile electrons? .

A) O, (C) Cu ‘
(B) SiO, (D) CuO '
If a pure substance is a good conductor of electricity in both its sogxd and its
liquid phases, then the bonding in the substance is predominantly .
(A) ionic (C) polar covalent
(B) metallic (D) nonpolar covalent
Which compound exhibits bonds having the least ionic character?

> KF KA

(B) RbBr- - Nal 14 :
A pure substance melts at 38°C and does not conduct electricity in either the
solid or liquid phase. The substance is classified as

(A) ionic (C) electrovalent

(B) metallic molecular

Which molecule is not a dipole? i

(A) HBr (B) H,O (C) NH; (D) CCL

Experiment shows that H,O is a dipole while CO, is not a dipole. The two

structures that best illustrate this fact are

(A) O=C=0  H {C) O=C=0
\ | '
- O—~H

(D) O

AN

H—0O—H

B)O
| . |

C=0 H—H-O

C=0

(A) H; (B) N; (C) CH, (D) HF

. Which molecule is polar?

(A) H—O (C) 0=C=0 " ‘
r
cl.
(D) c1——<!:—-c1 )
4

(B) H—H

20. Which best explains why a methane (CH.) molecule is nonpolar?

(A) Each carbon-hydrogen bond is polar. g
(B) Carbon and hydrogen are both nonmetals.

(C) Methane is an organic compound.

(D) The methane molecule is symmetrical.
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olecules in whrch hydrogen is covalently
-"rad_l_us gnd _ele_c_tronfi% trvrty, respectlvely,

bonded to an element whose atom1
are :
. (A) largeand low ... (C) largeandhigh o
(B) smalland low , (D) small and hrgh ) B
. Multrple covalent bonds exist in a moleculeof - ' » :
(A)F, B) H, (O N, (D) CL, o ; 22, =
. Which is an example of a nonpolar molecule that contams polar covalent
bonds? _
(A) CCL (B) N: (C) H,O (D) NH;, 23.
. As the distance between molecules decreases, the effect of the van der Waals
forces between the molecules C,{MUL =) Mol ﬁ‘a‘%‘gw%
(A) decreases (B) increases (C) remalns the same : 24,

D
C
B
. Which molecul lar? , : , :
‘(A)li{zgo(e;) ;Illin?g)p%r;r (D) CF, I A _Jl
D
C

. Which reaction would require the greatest amount of energy? -
(A) Na + energy — Na* + ¢
(B) Mg + energy — Mg* + ¢ /_?:L\ovd%ﬁfjﬁa\
(C) Al + energy — Al' + ¢
(D) Si .+ energy — Si* + e : L-M‘) 7 . : - 26.
. 'In which noble gas are the van der Waals forces the greatest? ' v
(A) Ne (B) Ar (C) Kr (D) Xe Q)t% w{ 27.
. What is the nature of the bond in ICI? ) ;
(A) ionic - (C) polar covalent !
(B) nonpolar ' (D) coordinate covalent 28.
29. The attractlon that nonpolar molecules have for each other is prrmarrly Caused
(A) hydrogen bonding , o
(B) high ionization : : '
(C) electronegativity differences ' _
~ (D): van der Waals forces : S : 29.
30. Xenon has a higher boiling point than neon because xenon has * - ' :
- (A) smaller molecules -
(B) weaker van der Waals forces

(C) asmaller molecular mass C h
(D) more electrons per atom ’ 30.

31. The major attractive force between polar molecules is usually
(A) dipole attraction ~ (©) hydrogen bonding
(B) electrostatic bonding (D) van der Waals forces 31.
32. Which type of bonding accounts for the high boiling point of H,O as compared
with the relatively low boiling point of H,S?
(A) van der Waals forces (C) covalent bonds
(B) hydrogen bonds (D) electrovalent bonds 32, &4
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Select the type of bond or bmdmg force in Column 2 that is most cIoser ass czated ‘with each
statement in Column 1 and write its letter in the space at the nght }j

34. Mobility of valence electrons results in good electncal conductmty in thc E
- . solidphase. - - .. DR . Mg S
35. Nonconductors in the sohd phase become electncal condiictorsin the ) L A o
- liquid phase. ' S , 35.
36. Solid iodine sublimes readily upon heating. N 36. __
37. The boiling point of NH; is much higher than that of PH, or AsH;. 37.

Column 2

. (A) ionic bonds
| ' '(B) covalent bonds (as in network sohds)
(C) coordmate covalent bonds N
(D) hydrogen bonds
(E) metalhc bonds _
' (F) van der Waals forces ' ‘ .
(G) triple coyalent bonds
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Bondmg II
From the list A-F below, select the bond or attractive force that is most closely dssbcidteri with
each of the following phrases, and write its letter in the space at theright. - :

(A) ionic bonds (C) coordinatecovalent bonds  (E) van der Waals forces

(B) hydrogenbonds (D) metallic bonds (F) covalent bonds
1. Hold theiodine atoms together ina molecule of I. 1= =T ‘

1.
2. Hold the many molecules of I, together in a crystal of iodine. f‘ﬁw}%{ I:? 2.

3. Account for the relatively high boiling and freezing points of pure
water. . 3.

4. Are illustrated by the compounds formed'when fluorine reacts with
active metals.

-

5. Hold magnesium atoms in a crystal lattice.

6. Mobrle electrons in the crystal that permit electrical conductwrty in :
the solid state. - - L 6.

7. Responsible for the extremely high melting point of diamond
(above 3500°C). ' ‘ C.

8. Permit helium and hydrogen to exist in llqurd or solld phases under
" conditions of low temperature and high pressure. P if b 8.

_F
_E
2
D
D
f(
E
9. Link water molecules to neighboring water molecules. | 9. __r.S_
e A
B
F’
_E
E
_6

Nk rkd -

10. Produce substances that are nonconductors in the solid phase and
conductors in the liquid phase. : 10.

11. Are weak enough to permit solid iodine to sublime readrly upon E
heating. o A § 0

12. Cause the boiling point of hydrogen fluoride to be much higher
than that of hydrogen chloride, hydrogen bromide, or hydrogen
iodide. , AT ¥ N

13.
14. Bond noble gas atoms in the liquid phase. N on Qb\B\r » 14.

13. Link the atoms within a molecule of a diatomic gaseous element

15. Account for the attraction between gas molecules in a nonideal gas. 15.

16. Responsible for the formation of ice crystals : 16.

Select the best answer and write its letter in the space at the right.
17. Among the following, the compound that has the highest degree of

ionic bonding is . Q
(A) CCL (B) MgCl, (C) H;O (D) CO, - 17. o
18. A compound that has polar molecules is , ' C
" (A) CCL (B) \MgCI, (C) H;O (D) CO. ' 18.

19. When compa.red to hydrogen chloride (HCI), hydrogen fluorrde
(HF) has an unusually high boiling point. This is due to the

magnitude of the -
(A) hydrogen bonds (C) van der Waals forces H
(B) coordinate covalent bonds (D) nonpolar covalent bonds 19




. . - ! .
. 20. All chemical bonds are the resuit of the
(A), levation.of electrons to hlgher energy levels
By ons from one atom to another

. ‘The Correct rankmg of bonds in order of greatest to least bond
- strengthis B _ s |- |
~ (A) covalent, van der Waals, hydrogen . B Ly _ L
(B) van der Waals, hydrogen, covalent 1 ‘
(C) covalent, hydrogen, van der Waals ‘ o : @

(D) hydrogen, van der Waals, covalent

From the list A-D below, select the compound that best answers each questzon, and wnte its
_letter in the space at the right. :

A) CsCl .

® __coz (©) oL ' ® H,0

s

22 Wthh compound best represents a tetrahedral molecule"

23. Which compound would show ‘a bent (V- shaped) molecular
" structure" Ce

24. Which compound has the hlghest degree ofionic bondmg"

25.. Which compound probably has double bonds thhm its molecular
structure?

26. Which comppund has polar covalent molecules?
From the list A-D below, select the type of bond that is found between the atoms described in
each phrase and write its letter in the space at the right.

(A) ionic bond : ~ (C) nonpolar covalent bond -
(B) metallic bond (D) polar covalent bond Lo
27. the hydrogen and chlorine atoms in HC1 - . " 2T
28. the magnesium and chloriné particles in MgClz : - 2. _A
: 29'."the mtrogen and’ hydrogen atoms in NH;. R I 29 ___Q__ Ry
30. the nitrogen atoms in N, e ' ' it 0. _( =
31. theatomnsin Cuwire : L A _B__

!

From the list A-G below, select the Sormula most cIosely assoczated w:th each phrase, and write
its letter in the space at the right. '
(A) HCI (C) CH. (E) Cu (G) KBr

® N  (D)Si0:  (F)Xe
32. Conducts an electric current in the molten state but not in the solid G"
state. : . L3 -
33. 1ts molecules contain only one atom. n . 33, - | 4
34, Mobile electrons permit electrical conductivity in the solid phase. 34. E
35. A nonpolar covalent compound. L 35. B
36. Anexample of a network solid. ' L 36 D _
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Date_

Name ___ - ' _ : _ Class_

Percentagé COmposmon

Finding percentage composition

The percentage composition, by mass, of a chemical compound can be found from experi-
mental evidence.

Sample Problem 1 From laboratory measurements, a sample of a pure compound is known to
have a mass of 3.74 grams. Analysis of the sample shows 1.10 g calcium, 0.880 g sulfur, and 1.76
g oxygen. What is the percentage composition of this compound?

Solution

1.10gcalcium  x 100 "= 29.4% (by mass) caléium
3.74 g compound ,

0.880 g sulfur x 100 = 23.5% (by mass) sulfur
3.74 g compound

.76 goxygen  x 100 = 47.1% (by mass)oxygen '
3.74 g compound

Percentage composition may also be found by calculation from a known chemical formula.

Sample Problem 2 Calculate the percentage composition for copper (II) nitrate, Cu(NOs),
from its formula. .

Solution ‘
1 Cu atom 1 X 63.5u/atom = 63.5u
2 N atoms 2 X 14.0u/atom = 28.0u
6 O atoms 6 X 16.0u/atom = 96.0u .
Cu(NO;). formula mass = 187.5u
Cu: _63.5u x 100 = 33.9% copper by mass -
187.5u
N: _28.0u x 100 = 14.9% nitrogen by mass
187.5u
O: 96.0u x 100 = 51.2% oxygen by mass
187.5u
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Practlce problenis
For each of the followmg, find the percentage composmon from the analysxs determmed

Josy oy 7] % Br
B R T A o |

2. A9.14-g sample contains 4.77 g carbon, 1.19 g hydrogen, and 3.18 g

For each of the V'fbll'owing, calculate the percentage compositioh from t"heiformula of the
compound. Show alabeled setup in the space below the problem, and write your answers in the

o (‘Lqﬂzﬁxhu z

/5" 7
7. /ZH o Al

7. AL(SO0.),

- Mo /o sre - e S R ms
S <f6.3; 3L P xrou ST, 5 mo

O (12,4 /33 ) xtue

%8 3Y8.3

by experiment. Show a labeled setup in the space below each problem, anﬂ write your answers

‘"A 4 80—g sample ontams 3 83 g iron and 10 97g bromine. ' Sl _Zii_% .Fe'

oxygen. : 2.52:2 % C
475 | . ) S /L % H
- o= 14 _ 38
50 X (o | Syt o TV ‘ ?’ﬁ,—?-% o
' ' o 14,y
3. A 2.85-g sample contamsO 82 g magnesium, 0. 41 g carbon, andl 62g
—— . 3. 28L& % Mg
) . \
_ o , S 1y % C
bz ., .1 Lir S6S& MO
-Z er 00/2 - . ! - K fwer T '—"“"‘ X £ave C . __—'__— 0_
. . 2ar P ' '

spaces provided. '
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The empirical formula of a compound expresses the simplest whole number ratio of elements
in that compound. The empirical formula can be calculated from the percentage by mass for
each element in the compound.

Sample Problem The percentage composition hy mass of a compound is 56.6% 'potassium,
8.7%.carbon, and 34.7% oxygen. Find its empirical formula.
Solution Assume that there are 100 grams of the compound. Then calculate the number of

moles of atoms of each element in the sample.

100 g compound X 56.6¢ K‘ X 1moleK _ 1.45 moles K
: 100 g compound 39.1gK ‘
100 gcompound X 8.7gC' 1moleC _ 0.73 mole'C
100 g compound 12.0gC BN .
100 g compound X 34.7g 0 X 1 mole O = 2. 17 moles O

: 100 g compound 16.0g0O .
Use the number of moles as subscripts for each element to express the ratio'of atoms.

K1.45Ca1302.17
Convert these values toa 51mple whole—number ratlo by dividing each subscnpt by the smallest

: subscript.
v Ki.45Co0130217 = KzCnOs or K2CO:s

l/ ' . LA

073 073 0.73 [
If the results of thlS step are half-integers, mult1ply by 2to convert to whole numbers In the same

way, if the results are third-integers, multiply by 3. S

1
i

Practice problems - g

From percentage composition information in each of the followmg, calculate empmml
formulas. Show a labeled setup below the problem, and write your answers in the spaces

provided.
1. 69.6% barium, 6.1% carbon, 24.3% oxygen 1. B< o,
———— SR, o .
137.3 ' T 4

OS’//\..)( 5 [5'3
/ . : .

2. 40.5% zinc, 19.9% sulfur, 39‘-.,6%; oxygen : ‘

s s

99




3. 88.8% copper, 11.2% dxygen
62. - ... 1¢C.

4. 79.9% copper, 20 1% oxygen

G35 /(,
26 15 .
5. 36.7% potassium, 33.3% chlorine, }0/0229 oxygen
34.1 35 /e
0.5 4,4 sy
/0 2 ~
6. 28.2% potassium, 25.6% chlorine, 46.2% oxygen
3 f 35 ¢

032  Opn  2&9 |

7. 40.2% potassmm 26.8% chromlum ’3_3‘,@50 oxygen .

3% SEe M
ST N by

lor . 0O%F 7. 0¢

8. 26.6% potassium, 35.3% chromlum 38 1% oxygeri

31; st I
A »

9. 56. 3% oxygen, 43.7% phosphorus

/é E-TH
§: 2.5 ad
/4 /P,—;/ '
10. 90.7% lead, 9.33% oxygen
27z [¢
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