
Molar Mass as a Conversion Factor (continued)

c. moles C,rH,uO. --------+ moles C - + grams C

To find the mass of carbon present in the ibuprofen, the tlvo conversion
factors r.reeded are the amount of carbon in moies per mole of C,.,H,,,O, and
the molar mass of carbon.

12.01 g C
Y _-- 

- 
Ir I

mol C '-
mol C,.,HruO, x 13 mol C

mol C,.I{r,,O,

@ soue a. 33 g.46+lffi x

b. 0.16molCrrH,rO, x

c. 0.16mdffff x

I mol C,rHruO,

206.31gCfi+ffi
6.022 x 1021r molecules

mot

13 Eaote
met-Cdffi,

: 0.16 mol CrrHruO,

: 9.6 x 1022 molecules C,rHruO,

12.01 s C, -_"#-:259C
The bottle contains 0.16 mol of ibuprofen, which is 9.6 x I022 morecuies of
ibuprof'en.

The sarnple of ibuprofen contains 25 g of carbor-r.

@ cuecK youR
WORK

Answers in Appendix E

Hor,r.many moles of cornpound are there in the follorving?
a. 6.60 g (NHr),SO,
b. 4.51(g Ca(OII),
How many molecules are there in the following.
a. 25.0 g HrSO,
b. 125 g of sugar, C,rHrrO,,
\\that is the mass in grarns of 6.25 mol of copper(II) nitrate?

checking each step shows that the arithmetic is correct, significant figures havc
been used correctly, and units have canceled as desired.

3.

I uatt loea

Percentage composition is the number of grams in
one mole of a compound.

It is often useful to know the percentage by mass of a particular element
in a chemical compound. For example, suppose the compound potas-
sium chlorate, I(CIO.,, were to be used as a source of orygen. It r,t ould be
helpful to knor,r, the percentage of oxygen in the compound. To find the
mass percentage of an element in a compound, one can divide the mass
of the element in a sample of the compound by the total mass of the
sample and then multiply this value by 100.

mass of element in sample of compound
^ 100: % elementin

compound
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Percentage Compositiofi (continueo)

S *ruauvax

& pLArq

@ sowr

Given:

Unknown:

chemical formula, NarCOr. 1OHrQ
molar mass of NarCOr.l0HrO
mass percentage of HrO

chemical formula --------+ mass HrO per mole of NarCOr.l0HrO -------+ 7o water
The mass of water. per mole of sodium carbonate decahydrate must first be found.
This value is then divided by the mass of one mole of NarCOs.lOHzO.

One mole of NarCOr.lOHrO contains 10 mol HrO. As noted earlier, the molar mass
of HrO is 18.02 g/mol. The mass of 10 mol HrO is calculated as follows.

ro m-sl++€ , tu'01Y,':o : 180.2 I Hzo' mol*l1€

\ mass of HrO per mole of NarCOr.lOHrO : 180.? g

The molar mass of NarCOr.lOHrO is 286.19 g/mol, so we knowthat I mol of the
hydrate has.a mass of 286.19 g. The mass percentage of l0 mol HrO in I mol
NarCOr.l0H rO can now be calculated.

mass percentage of HrO in NarCOr.10H2O : 180.2 g HrO
x 100

286.19 g NarCOr.l0HrO

62s7%HZO

@ cxrcx checking shows that the arithmetic is correct and that units cancel as desired.

Y*e"rH w*ffiK

EEil ri,)i,i:: ii luLt;ii;:.1 :

1. Find the percentage compositions of the following:
a. c3H8 b. NaHSOn

2. Find the mass percentage of water in ZnSOnoTHrQ.
3. Magnesium hydroxide is 54.87Vo oxygen by mass. How many grams of oxygen

are in 175 g of the compound? Howmanymoles of oxygen is this?

S ' r. r,',, I

1. Determine both the formula mass and molar
mass of ammonium carbonate, (NH1)2CO3.

2. How many moles of atoms of each element are
there in one mole of (NHn)rCO=?

3. \.Vtrat is the mass in grams of 3.2b mol Fer(SOn)r?

4. Howmanymolecules of aspirin, CrHuO, are
there in a 100.0 mg tablet of aspirin?

5. Calculate the percentage composition of
(NH4)2CO3.

S i""1 l'l,lli:;tl I l'l,i i l'l' iil. il'i,,':l

6. RELATING IDEAS A sample of hydrated
copper (II) sulfate (CuSOn.ngrO) is heated
to 150"C and produces 103.74 g anhydrous
copper (II) sulfate and 58.55 g water. How many
moles of water molecules are present in 1.0 mol
ofhydrated copper (ll) sulfate?
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Because of rounding or experimental error, a compound's mole ratio

sometimes consists of numbers close to whole numbers instead of exact

whole numbers. In this case, the differences from whole numbers maybe

ignored and the nearestwhole number taken. Thus, diborane contains

atoms in the ratio 1 B : 3 H. The compound's empirical formula is BHr.

Sometimes mass composition is known instead of percentage

composition. To determine the empirical formula in this case, convert

mass composition to composition in moles. Then calculate the least

whole-number mole ratio of atoms. This process is shornm in Sample

Problem M.

$annple trrcfute* L Quantitative analysis shows that a compound

contains 2.ol6vohydrogen, 32.6D%osulfur, and 65.307o oxygen. Find the

empirical formula of this compound.

$ ax*lvze Given:

Unknown:

B BIAN

@ soue

@ cxrcKYouR
WSEK

percentage composition --+ 
mass composition ------+ composition in

moles ------* leastwhole-number mole ratio of atoms

Mass composition (mass of each element in 100.0 g sample):

2.016 g H, 32.60 g S, and 65.30 g O

Composition in moles: 2.016 8f * 11*91Yt : 2'001 mol H" r.007 gll

sz.ooJ8"S,-: 1'016 mol s
32.069{f

65.30g,o >< .'=Tgl 
o= : 4.081 mol o,- " 16.009,0

Leastwhole-number mole ratio of atoms:

The compound contains atoms in the ratio 2.001 mol H : 1.016 mol S : 4.081

mol O. To find the leastwhole-number mole ratio, divide eachvalue bythe

least number in the ratio.

2.001 molH . 1.016molS . 4.081 molO : 1.969molH : I mols : 4.019molO
1-016 ' 1"016 1.016

Rounding each number in the ratio to the nearest whole number yields a mole

ratio of 2 mol H : 1 mol S : 4 mol o. The empirical formula of the compound is

H2S04.

Calculating the percentage composition of the compound based on thp empirical

formula determined in the problem reveals a percentage composition of

1.008% H,32.69Vo S, and.65.247o o. These values agree reasonably well with

the given percentage composition.

percentage composition:2.016%H,32.60% S, and 65'30% O

empirical formula

240 Chapter 7



lvzspunoduo3 lecluot,lS pue selnruJol lecluleqc

,i:ffi#ffil1ffi*+f**fiffi
'snroqdsoqd Jo elets uopupgo

uo{uruoJ e sI 9+ esnuceq alqEuosEal sI elnuroJ eqJ'peJ{sap se lacuEc s}Iun

pue 'r(pcauoc pasn ueeq e^Eq sarn8g luecgru8rs ']carroc sI olleurqllre aq1,

'notd .I u1nruJoJ pculdura s,punoduroc aq1,'g : z sI sruolu o
01 sluolu dJo olleJ aloru Jaqunu-alor{ i\}suel eqJ'lour I o} asolc sI r{f,Iq a

'loru t66'f seruooeq sruolu OJo Jaqrunu aql uaq] '7fqoqu eql uI Jeqrunu

qcea .,fidrlpru a^aJr lng raqrunu aloqm e ol esolo lou sI sruole O Jo raqurnu aq;

olonJ L6V'Z: d Iour I

I8?I'O I8TI'0
o lour szgtT d roru It?I0

:sruolE Jo ooBJ alolu Jeqrunu-elol{M lsea'I

o roru rzsr.o = ff#+ 
x ffi 212.s

d roru rr?r.o : ##f 
x g *v.v

:seloru ur uollrsoduro3

O B tt4g'dB tEv't:uol11sodruor ssEIN

B tt;g:B Ew'V - 3 OSf 'Of : sseru snroqdsoqd - sseru alduus
'sseur aldues

eql ruo4 sseur snroqdsoqd aqr Suucu4qns r(q punoy sr ua3,{xo;o sseru aI{J

sruoluJo olleJ

Jaqrunu-aloq a lsallerus <- seloru ug uogllsoduroc <- uoqrsodtuoc ssu141

! = !,til
E=*A )i3E-r!

ulnurroJ lecr"rrduta

B tw'V = sseru snroqdsoqd

3 ost'oi : sseru aldures

:urnoulun

:uoA!e

:;

.l

:

=ffos 0

^ rivld til

HaAlvNv c

lpunoduoc sIIrJo BlnruroJ lucgldrua aql sI lBrI \'3 ggyrJo luellmll
sn.roqdsoqd u saluJlpq uaBfxo pue sn.roqdsoqd,(1uo uguluoc ol rr'rtaffii

punodruoc e;o aldurus 3 Ogf 'Ot u;o sgs,(puy &ffi ffie+$q#,;t# a1d uue;

@itllr



@ nnruu roea

ffialecular fsrn"rulas SEve the type$ aald $?uffib*rs 8f
atoffir$ in a esmpou*t$.

Remember that the empiricalform.ula contains the least possible whole

numbers that describe the atomic ratio. The molecular formula is the
actual formula of a molecular compound. An empirical formula may or

may not be a correct molecular formula. For example, diborane's empiri-

cal formula is BHr. Any multiple of BH, such as 82H6, BsHe, B 4Hr2, and s

on, represents the same ratio of B atoms to H atoms. The molecular

compounds ethene, CrH' and cyclopropane, CrH6, also share an identic'

atomic ratio (2 H : I C), yet they are very different substances. How is the

correct formula of a molecular compound found from an empirical
formula?

The relationship between a compound's empirical formula and its

molecular formula can be written as follows.

x (empirical formula) : molecular formula

The number represented by x is a whole-number multiple indicating the

factor bywhich the subscripts in the empirical formula must be multiplie:
to obtain the molecular formula. (The value of x is sometimes 1.) The

formula masses have a similar relationship.

x(empirical formula mass) : molecular formula mass

To determine the molecular formula of a compound, you must knor',

the compound's formula mass. For example, experimentation shows thi
formula mass of diborane to be 27 .67 u. The formula mass for the empi:-

cal formula, BH, is 13.84 u. Dividing the experimental formula mass br-

the empirical formula mass gives the value of x for diborane.

,_27.67u_2.000^ - ts.g+u - "'"

The molecular formula of diborane is therefore BrHu.

2(BH3): BzHo

Recall that a compound's molecular formula mass is numerically
equal to its molar mass, so a compound's molecular formula can also bt
found given the compound's empirical formula and its molar mass.

SxampE* Sr*bB*m ffi In Sample Problem M, the empirical formula of a compound of
phosphorus and oxygen was found to be PrOu. Experimentation shows that the molar mass

of this compound is 283.89 g/mol. What is the compound's molecular formula?

$ aru*rrzr Given:

Unknown:

empirical formula

molecular formula
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