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unils for energy are e cafonk (cal) and e Criorie (eriszn wilh 3 capital O s sisacking
for 1 000 cakories, or 1 kcal) Table 1-4 sales thal 1 cal is exacily 4184 1 (joules)

Vour hasal meishollvn wes approcimalzly 4 Celonies per hour () per 100 ponds (1by
of body mass st o cerry i basic Mnclions requived or ke, apan (rom doing any ksd of
exewise. A person weking al 2 miles per bowr on 2 keved palh mes appoximalely 43
Calorizs per how per 100 pounds of body mass heyond bessl mefaholiam. The skme person
swimming o 1 miles pey hour coneames 360 Calories per hour pes 10 powsids Beyond basal
metaholism.

LI et Comversions
Express the mie of energy ussd by o persn walking T miles per bowr (46 + 43 = 7
Calories per hour per 100 pounds of body mas) i kilcjoules per hour per kllogram of
by mesx

Sohation We will cooveri esch non-51 unil separsiely. Fird, noie ihal 971 Calodes =
01 kcnl Teide 14 sales thal 1cal = 4.1348 om0 ] kol = 40084 k1, and

]
O kel w0 4B — = 3K = 1R
ke

Tabiz 1-4 also says Gad | Ibvis 0433 € ki, =0 100 [b = 45.36 kg, The iz of mergy con-
sumpiion |5 therelome
91 kmalh 13 % IPkVR Klh

W BEg

Wiz oould have weillen fhis as one Iong celoulal oo

91 kestih il 130 kI
= 41— —— = RA—
100 kit * 04536 kg kg

Test Yowrseff A person swimming al 2 miles per Dow requires 360 + 46 Calones per
hur e 10 powads of Body mass. Express e enspy use i k1 per kg of body mess.
Chmnwer 37 Kl per ki)

BEN chemical Concentrations

A moliio |5 3 homogencour mixire of beo of mone S % i Sl i solulion
= callzd seluie, and he major species i Be sivenl [a this ook, mos disomskons oomem
agarou sokiiner, i which (he solveal i wels Concondration sisles how much soloie is
aontainzd in 3 given volume of mass of solulion of =0 venl

wolarity and molaliy

A mude (mid) is Avopadim T asmber of pamicles (uoms, moleculs, ks, or anything ke
Modarity (5) is the mumbey of moles of 2 subsiance per Bizr of sololion. & Hier (1) 0=
e volwme of 3 cube sl i 10 om on esch adge. Became 10cm = 00 m 1 L= {0l m:’ =
10 m'. Chemical denoied wilh square brackels, ane wsmlly expesssd in
e jper iesr{ M. Thes “[F T~ means “fhe concentoalkoa of H' ™

“The miommic mess of 20 elemenl s B npmber of prams conluining Avogadno™s mmber of
aoms. The molocular mass of 3 compowsd i (e sm of SOmic masees of e soms i the
moiacule. 1L i the number of grams conlaining Avegadeo’s number of molzoles.

An glectrodyie i & mislence thal dsocisles inko o in sioon. In gneml, secinolyies
e mive disocialed b waler o i other solvents. W relor o B ooampound thal |5 mostly
dissocizled nio s o 5 atroep elacirodve. One el i perilally diencisied ix callsd 2 weak
elerimiyie.

Magnzsinm dilonide i § seoag slsctmiyie. In 044 M BTl sollion, 705 of (he mag-
nesiom i ez Mg end 30% i MpC1 . The ooncentration of Mgl molecules & cioss io 0.
Somelimes (he molanity of & sirong elecirolyie |5 olled Be fommal concesiraben (1), o
emphasize Mal he mbsisaoe & really coavered inlo oher species @ soulion. When we
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&y fhal e “coacenirabion™ of MaCly is 0054 M b seewaler, we we nally speaking of
lix fonmal concealralion (0054 Fi The “molecular mass™ of 2 dimng slecimlyle is cullad
Lhe Formuls mass (%), hacmase i i the som off siomic meeeses of gioms in the: Tormok, seen
Lhough e wre very lew molzules wil thal lfonmula. W are peiap b aoe (e abbreviaiion
FM [or bodk formuly mory gad molecalor marr

BEILITN molarity of Salts in the Sea

{li';!ﬂﬂ'_l.l sapwaler conlaing 2.7 § of =il {sodium chionide, NelT) per 100 ml. (= 100 =
1077 L) What s the molsrity of NeCl in the oreanT i) MaClz hex 2 coacentmtion of
0L054 M i the ooes. How many qams of MgCh e present i 25 @i, of sepwsleT

Solution (33 The molecular mass of KaCl is T2.99 pimol (Na) + 35,45 gimol (07 =
5344 p/mod. The modes of sall in 17 g ane (27 gW(58.84 glmol) = (U046 mol, 5o the
molaily &

o Nl 0 [ ol

of el = = = 046M
Heboiarity Lofsowaler | 100 % 10 L

1) The: mekaculer mass of Mg, 15 2430 pimol (ME) + T s 33545 pimol (0) = 2520 gimol.
The nmmber of grams & 25 ml. &

(Grmms of MpCl, =[:um%]|(mm—é]|mxm i =013

Test Yoursef Caloulaie the lonmula mass of C50. Whal §s the molangy of Casoy in
1 soioiion contsiing 1.2 § of CafS0ly in 2 volume of 50 ml.T How many grams of Cafi0y
are bn 3 mlof 086 M CaS0, T Glerwer 13614 phmol, 0013 B, 059 )

For o weak efecirodyie sich w8 aoelic acid, THROOqH, some o the molecules dizeocisie
Imia fons in sHogon:

Formad Percent
i ill oonceniralkeg sl
C l: 0F 1.%%
e —_— g ’
CHy OH CHs i +H oMo F 4.1%
At Acoinr oo ar 1 25
ncud ]

Mialality {m) is conoealralion expresesd a5 mokss of subsiincee per kilogmm of solwenl
(. Ioial solabion). Molslity is indepeadent of iempemine. Moliiky deages with 2mpers-
ture Do e volome of & solulion sy inoneases when & i beaied.

Percent Composition
The percenisie of o componznl i 1 midwe of solotion & uselly expressed e u wilghd
perceni (i

wm:—dlﬂ o L (1-1}

A common form of elbssol (CHRCH:OH) & 95 wi%; his expression means 95 p
of ethanol per 100 g of ol =olulion. The remainder & weier, Yolume percent (vol%) is
dalined as

volume of solule
Volume pescent = ks
yolume of folel solulicn

100 (1-Z}

Alough unlix of mess of volume should sways be expressed (o gvoid amNpREE, mam s
usmdly imiplied when unis Ge sbeel

1-I (hemcl Conconnrasons

Combasing abby aans
mel = miks

u--:l.l'i,--l_ I




- §
wiluma L
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Thi dansiny of waler 3t +°C is dosa o 1 gimL,
0 spacific fravity is Tafly B Sma 25
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PO 161 bociuss he e all tha digis in his
Calutmor and e nor Found off wnel te

and. The mumbar L was mally 1.0% 8 and
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BEIDLTN Converting weight Percent into Molarity and malality
Find the moledty and molality of 370 wi% HOL The desslty of 2 substance (s the mass
peor unl wolume. The labie ireside the beck cover of this book fells us thal S density of Lha

reagend i 1.1% giml_

Solution For mokerily, we nead o find the moles of HOY per ey of solubion. The mess of
& lilesr o solubion is {119 gémdx ] 000 &) = 119 = lﬂ}g.'l.'l'l: mazs of HCY in oo lier i

j-salution HC1 HI]
Mass of HCI per liler ={1.L':I x W | ]{n.am L =440 ¥ mﬂ'T

Thix in whal
i1 wi% moes

The modecular mess of O ix 36.46 gimaol, = e molsdty i

mol Bl 4.80 = 107 g HET L
Lsallion 3646 s-HCTmol L

For modality, we nead i find the moles of HOJ per kilogram of soiveal {which is H,0L
The solusion i 37.0'wiS HOL, 50 we know St 1000 § of sointion coalsins 37.0 g of HCY
mnd 1000 — 37.0 = 630 § of Hald (= (L0630 kg). Bul 37.0 § of HOY contuins 37.0 g
(3646 #'mol) = 1.01 mol The molsly is therdxe

Molanity = =1L1M

mol HE 1401 micd EACY
hloisliry = kg of salveal 0063 0 kg, Bzl

=l6lm

Test Yourself Calcplate the molarky and molality of 49.0 wi% HE, using S dersly
ghven inside Ge hack oover of this book. (Annwer; 313 M, 48.0 )

Figare 1-2 lllusiales 3 weighl percenl mesmrement in B applicalion of snalytical chem-
isiry o mchasology Caold sad siheer sox fomd fopeiher in asfre. Dols in Figoe: 1-2 show the
welghl percenl of pold &2 moee Sen 1 200 silver coins mialsd over s H0-year parind. Prioe
B . SO0, B was e for Ehe godd coaleal (o be below .3 wit®. By a.n. 600, people devel-
oped techalques Tor removisg moee godd [imdm Be silver, 50 some Coins Bad ex lilg: as
002wt pold. Colored squares & Figee 1-2 epressal known, modsm kepenes made (rom
slver whose pld onteal |5 slways les thoa (e prevalliag goid coalend i the pears o0 20000
H0. Chmical snalyss makes i 2exy o defect the Torperies
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FICURE 1-1 Weaipht parcent of pokd impurity in sl oo froes Parsis. Colored squares arn knowe,
n'nh'ni:rl- Nole trat e crdirate scale v logurthre. [ A Gocdo e L P lordas, Srchonciopcy
Cherasing Ade Jmm Ke. T, demerican Chorcal Soces; Washingion, OC, 134 gp 1394161
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Pars per mahon and Pams per Billion

Somelimes composition i expressed 15 paris per milliom (ppm) o parts per billlon
(pph, wiich mean grams of mbsiance per million or Mllka grams of ol =oulion o
mixinre Becausr Ge densily of & dilole squeos solibion & close o 1.00 g/ml, we
Jrequenlly egumie [ poof waler wiik { mll of waler, althopgh Usls equivaleace s only
Eoproximate. Thenefore, | ppm oomresponds 1o 1 witml (= | mgfL) and | ppi s 1 ogimil
(= 1 pE) For geses, ppm usually cefers lo volume e ea mee A lmogpheric 003
has 3 concenivalion aear X80 ppm, which means 388 wll. OOy per Ber ol air. 0 is best o
Iwhel units ko avodd conlmsion.

BETTIIEN comerting Parts per Billion ints Molarity

Monmal skenzs are hydmcerbons wilh e Peemuls CoH,, | 5. Manis ssaciively synihesize
alkanes with an odd mmber of carbon soms. The concenimabion of CxhHer, & spmmer min-
wiles collacisd in Hasnorver, Gesmany 1s 34 ppb. Fiad the molarily of CgHgn and expoess
lhe amswer wilh 3 prefix from Table 1-20

Solution A conceniration of 34 ppb means hes we 34 ng of CygHy, fer pram of min-

wale, & value thal we equaie o 34 np/mi.. Mulsplying rancgmems and milliliers by 1 000
s 38 g O Coobin per Bler of meawater, The molecular mess of CagHeg is 4083 pimol,

50 ihe molarity is

E R T

_ i
306 3 ot =E3xXxIF M

Milariy of b in rimwaler =

An appropriale prefix Tevem Tebie 1-3 wounld be mno (2], which s & moSEple of 10 L

1nM
- ):Eﬂq
10

Test Yoursell How many ppm of Cxbles ame in 33 oM CwHen? (damvsr: 9.4 ppm)

E3 % 10 ':ur[[

m Prepanng Solutions

To pregane & solulion with 3 desired molscity [rom g pane solid o lgud, we welgh ool he
oo mess of reagent and diseolve i in 3 voleneiric ok (Figare 1-3).

Preparing a Solution with a Desired Molarity

CoppeniIl) sullie pentahydrte, CuS0y - SHy0,hes 5 moles of Ha0) for esch male of
CuSily in the sobid orysial The formula mass of CuS0y - 5HAD (= CuSOgH) s
149,68 p'mod. (Coppen(|1) sulfale withou! waier i the orysisl bas the fomuls Cusiy sd
Is s Eo e anhyd rows. | Bow many grams of CaSol, - SHL0 shoold be dissolwed e
volume of S0 ml. o make £ 00 s Cu?

Solution An 5.00 mM sroSon coniines 500 5 1077 molfl. We need
» mal _ 3
3.00 = I T!DM}E—JN!'D‘ mod Cusdy - 3H0

The mass of reagenl is (4.00 x 1077 @) 5 (24968 plmet) = 0999 5.

Liniap @ wolameiric flask: The procedure is io place 0959 § of solid CuS0y - SHaD il
2 500.mi. volnmedsic Sk, wid shoul 400 mi of distilled water, and swiel i disive the
reagenl. Then dilule with distilled waley op b the S00-mL. mark and imeert the Mask several

tmees b0 easure compiels miviag.

Test Yowrself Find the Tormula mass of anhydrms CoS0y How many grams
shoald be dissolved in 25000 ml. o meke 3 160 mb solutm? (dawer-1 59,60 gimal,
0E38 gh

1-3 Praparing Sokutions

N T

Chesion WG doss e pan per thousand

MM = MRETORE [

—F Sl

FIGURE 1-3 & vofumaine fiont confsina &

spachined volurms when T liquid level in

scienind o e midda of e mark i B thin
nach of T ke L of B Sk i desoribad

in Sacon 35,
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Dibutian

Deuie solulioas can be prepansd nm coaceaimizd solulions A volese of the ool
SHmEon i irereckereed bo (eesh vesse] and dialed b0 e desired il vlame. The mamber of
mies of reagent in ¥ Hies contsinios M moks per Ber s e proded M- = molde-E @
we ijmie the mmber of mokes i the concenbmded (omnc) and diluke (dil) solulims:

[Déturion formaia; Moy ¥ = Mg Vg {1-3)
i —
Mok teiea o Wl plecsd o
coreminiod mdudos Sz ackiin

JEEIIIER Prepaing w100

The malarily ol “concealrsied™ HC| pudhased for [sboriory use 5 sppoximstaly
121 M. How many millililers of s resgent should be dioted io 1000 L o maks

07060 B HCT?

Solution The diletion onmula handles this problem direcily:

Meae Vinae = BV
(TE1T MM md.) = (000 M1 D00 ml) = 1 = 3.26 ml
Tomake 0100 M HOL we would dilie E 26 mil. of concentried HOTup o 100D L. The
ooncznimtion will nal he oecdy 00100 M beause Ge sl s ool ey 120 M. A

Isde inside the oover of ihis book gives volomes of common reagents mequined o make
1.0 sodulions.

Test ¥owursef§ Wih infonmation on the inside oover of the ook, ookl how many ml.
o M4 with miiric sold should be diiuied o 0250 Lo meke 3.00 M HNOy. Glenesr 475 mil)

IEIIY » more Complicated Dihstion Calculation

A solulion of smmonia i waler is called “ammoniom Bpdeonide™ because of the egquilibriom

MHy + HeD +—= NH{ + OH 114
Aomoaa Amrmmim  Hydeed

The densily of conceniralsd ammonium hydromide, which coafins 2E0 wi% MNH,,
is DA% p'ml_ Whal volume ol this reagenl should be ded W 5000 mL. o mak:
0250 Ml NERT

Solution Touse Eqmation 1-3, we aeed in know ihe molariy of ihe conreniraied rexpeal
T sl tion Cosnis bres 05999 § ol solwlkon po mi Bk and there |5 0230 g of NHy per gism
ol solution {280 wi%), = we can il

L e
1?J:-:-ﬂ'ﬂmm}

P we i the volmme: of 14.E M NER maquined o pregan 300 mi. of 02 M Ny

=AM

Molarity of NEH; =

Meppe Vezae = Man- ¥
TLE M 3 Vopge = OLEH W 5 5000 ml. = Ve = E46 mil.

The procedare is lo place .44 ml. of concenimled reagent in 3 S00uml. winmedric ek,
Bk ol S0 off water, mad swid 0 mix. Then dilule ko exacily 500 mi. wi b waler mid
imezrt e Bask many Smes o mix well.

Test Yoursef From e deasily of 704 wi® HNOy on the inside cover, celoulsie the
mikarity of HNO,, (Amnwer: 158 M)
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