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Chapter 1

Introduction to Chemistry

M SIO <?ACH SIOL MNO>S |@ =IFF?A? =B?GCMNLS NBIM? I@ SIO QBI >I HIN CH
<?=1G? JLI@?MMCIH;F =B?GCMNM G;S Q?FF QIH>?L QBS SIO H??> NI MNO>S =E
610 QCFF MIIH >CM=IP?L NB;N ; <;MC= OH>?LMN;H>CHA |@ =B?GCMNLS CM OM
L;HA? 1@ >CM=CJFCH?M ;H> =;L??L J;NBM 610 QCFF ;FMI >CM=IP?L NB;N ;H OH:
|@ =B?GCMNLS B?FJM SIO G;E? CH@ILG?> >?=CMCIHM ;<ION G;HS CMMO?M NI
SIOL =IGGOHCNS ;H> SIOL QILF> G;DIL Al;F 1@ NBCM N?RN CM NI >?GIHMNL;N
CGJILN;H=? |@ =B?GCMNLS CH SIOL >;CFS FC@? ;H> CH IOL =IFF?=NCP? OH>?|
<INB NB? JBSMC=;F QILF> Q? I==0JS ;H> NB? <CIFIAC=;F L?;FG |@ QBC=B Q? ;L"
1B? I<D?=NCP?M I@ NBCM =B;JN?L ;L? NQI@IF> NI CHNLI>O=? NB? <L?;>NB |
CGJILN;H=? ;H> MIG? |@ NB? =B;FF?HA?M 1@ GI>?LH =B?GCMNLS ;H> NI JL?N
MIG? |@ NB? @OH>;G?HN;F =IH=?JNM ;H> >?@CHCNCIHM SIO QCFF H??> NI OF
=B?GCMNM NBCHE ;H> QILE
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1.1 Chemistry in the Modern World

LEARNING OBJECTIVE

11 L?=IAHCT? NB? <L?;>NB >?JNB ;H>M=1J? |@ =B?GCMNLS

Chemistry CM NB? MNO>S 1@ G;NN?L ;H> NB? =B;HA?M NB;N G;N?LC;F MO<MN;|
OH>?LAlI ,@ ;FF NB? M=C?HNC@C=>CM=CJFCH?M CN CM J?LB;JM NB? GIMN 7
=IHH?=N?> NI INB?L @C?F>M |@ MNO>S $?IFIACMNM QBI Q;HN NI FI=;N? H?Q G
>?JIMCNM OM? =B?GC=;F N?=BHCKO?M NI ;H;FST? ;H> C>?HNC@S LI=E M;GJF?
,=?:HIAL;JB?LM OM? =B?GCMNLS NI NL;=E 1=?;H =OLL?HNM >?N?LGCH? NB? @F
HONLC?HNM CHNI NB? M?; ;H> G?;MOL? NB? L;N? I@ ?R=B;HA? |@ HONLC?HNN\
I=?;H F;S?LM "HACH??LM =IHMC>?L NB? L?F;NCIHMBCJM <?NQ??H NB? MNLO=
JLIJ?LNC?M 1@ MO<MN;H=?M QB?H NB?S MJ?=C@S G;N?LC;FM @IL P;LCIOM Ol
N;E? ;>P;HN;A? |@ NB? JLIJ?LNC?M 1@ MO<MN;H=?M NI >?N?=N H?Q MO<;NIGC-=
MNLIHIG?LM OM? =B?GC=;F MCAH;NOL?M NI >?N?LGCH? NB? ;A? ;H> >CMN;H=’
NBOM ;HMQ?L KO?MNCIHM ;<ION BIQ MN;LM @ILG ;H> BIQ IF> NB? OHCP?LM? C
MO<D?=N |@ ?HPCLIHG?HN;F M=C?H=? >?J?H>M IH =B?GCMNLS NI ?RJF;CH NB
CGJ;=NM |@ JB?HIG?H; MO=B ;M ;CL JIFFONCIH ITIH? F;S?L >?JF?NCIH ;H> AFI<
Q;LGCHA

1B? >CM=CJFCH?M NB;N @I|=OM IH FCPCHA ILA;HCMGM ;H> NB?CL CHN?L;=NC|
JBSMC-=;F QILF> L?FS B?;Pa&Sinistry NB? ;JJFC=;NCIH I@ =B?GCMNLS NI NB'
MNO>S 1@ <CIFIAC=;F JLI=?MM?M FCPCHA =?FF =IHN;CHM ; F;LA? =IFF?=NCIH
GIF?=0F?M NB;N =;LLS ION NBIOM;H>M |@ =B?GC=;F L?;=NCIHM CH=FO>CHA N
H?=?MM;LS @IL NB? =?FF NI L?JLI>O=? CIFIAC=;F JB?HIG?H; MO=B ;M PCMCIH
MG?FF ;H>GIP?G?HN L?MOFN @LIG HOG?LIOM =B?GC=;F L?;=NCIHM #C?F>M
G?>C=CH? JB,;LG;=IFIAS HONLCNCIH ;H> NIRC=IFIAS @I|=OM MJ?=C@C=;FFS Il
=B?GC=;F MO<MN;H=?M NB;N ?HN?L IOL <I>C?M CHN?L;=N QCNB NB? =B?GC=;F
I@ NB? <I>S NI G;CHN;CH IOL B?;FNB ;H> Q?FF <?CHA #IL ?R;GJF? CH NB? MJ?:
;L?; 1@ MJILNM G?>C=CH? ; EHIQF?>A? |@ =B?GCMNLS CM H??>?> NI OH>?LMN
GOM=F?M A?N MIL? ;@N7?L ?R?L=CM? ;M Q?FF ;M BIQ JLIFIHA?> ?R?L=CM? JLI>(
?0JBILC= @??FCHA EHIQH ;M "LOHH?LbM BCAB a

187 MNO>S 1@ G:NN?L :H> NB?'R:GJF?M 1@ NB? JL:=NC=:F :JJFC=:NCIHM I@ =B?GCMNLS #CRPPLSQB?L?
=B;HA?M NB;N GN?LCF B?GCMNLS CH "P?LS>:S )G@CH??LM H??> NI OH>?LMN;H> NB? =B?GC=;F
MO<MN;H=?M OH>2LAI JLIJ?LNC?M 1@ NB? MO<MN:H=?M QB?H >?MCAHCHA <CIFIAC=;FFS =IGJ;:NC<F?
187 :JJFC=:NCIH 1@ =B?GCMNIBIEHN L?JF;=?G?HNM IL >?MCAHCHA LI:>M <LC>A?M <OCF>CHAM :H> HO=F?;

\';'3:’9'\,/\'/"?'\/'27\/'5 1@ <CIFIAC=F | >| HIN =IFF;JM? <?=;0M? |@ Q?;E?H?> MNLO=NOL;F G;N?LC;FM MO=B ;M MN??F
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L=B;?IFIAS ;H> J;F?IHNIFIAS L?FS IH =B?GC=;F N?=BHCKO?M NI >;N? <IH?M ;H>

;LNC@;=NM ;H> C>?HNC@S NB?CL ILCACHM FNBIOAB F;Q CM HIN HILG;FFS =II
L?F;N?> NI =B?GCMNLS @IL?HMC= M=C?HNCMNM OM? =B?GC=;F G?NBI>M NI ;
@C<?LM ;H>INB?L ?PC>?H=? ;M NB?S CHP?MNCA;N? =LCG?M &H J;LNC=0F;L

G;N=BCHA_=IGJ;LCHA <CIFIAC=;F M;GJF?M 1@ A?H?NC= G;N?LC;F NI M?? QB?N|
=IOF> B;P? =IG? @LIG NB? M;G? J?LMIH_B;M <??H OM?> NI MIFP? G;HS BCAB JL
=LCGCH;F =M?M ;M Q?FF ;M =F?;L CHHI=?HN J?1JF? QBI B;P? <??H QLIHAFS ;==
=IHPC=N?> #IL?HMC=M CM; L;JC>FS ALIQCHA ;L?; |@ ;JJFC?>=B?GCMNLS &H

JLIFC@?L;NCIH |@ =B?GC=;F ;H> <CI=B?GC=;F CHHIP;NCIHM CH CH>OMNLS CVM
L;JC> ALIQNB CH NB? ;L?; 1@ J;N?HN F;Q 2FNCG;N?FS NB? >CMJ?LM;F I@ CH@
;FF NB? @C?F>M CH QBC=B =B?GCMNLS JF;SM ; J;LN L?KOCL?M ?RJ?LNM QBI ;
?RJF;CH =IGJF?R =B?GC=;F CMMO?M NI NB? JO<FC= NBLIOAB N?F?PCMCIH JL!
NB? &HN?LH?N ;H> JIJOF;L <IIEM

317</ 2/73=><C 38 @/<C.+C 30/

6>29712 79=>:/9:6/ .9 89> </-9183D/ 3> -2/73=><C +8. -2/73-+6 -97:9?8.= +</ -<?-3+6 381</.3/8>= 38 +67"
/@/<C>2381 A/ [+> Al+< +8.7?=/

B?GCMNLS CH NB? *I>?LH 4ILF>
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S NBCM JICHN CN MBIOF>HbN MOLJLCM? SIO NI F?;LH NB;N =B?GCMNLS Q;M
?RJF;CHCHA ; JCPIN;F ?P?HN CH NB? BCMNILS 1@ ";LNB NB? >CM;JJ?;L;H=? 1@
>CHIM:OLM FNBIOAB >CHIM;OLM LOF?> ":LNB @IL GIL? NB;H GCFFCIH S?:LM
2PC>?H=? MOAA?MNM NB;N NB?S <?=:G? ?RNCH=N L;NB?L ;<LOINFS ;JILIRCG;
GCFFCIH S?;LM Al -LIJIM?> ?RJF;H;NCIHM @IL NB?CL ?RNCH=NCIH B;P? L;HA?:
2JC>?GC= =;,0M?> <S MIG? >?;>FS GC=LI<? IL PCLOM NI GIL? AL:>O;F JB?HIG?H
‘M G;MMCP? =FCG;N? =B;HA?M &H )OCM FP;L?T ; +I<?F -LCT?"QCHHCHA JB
NB? A?IFIACMN 4;FN?L FP;L?T )OCMbM MIH ;H> NB?CL =IQILE?LM >CM=IP?L?>
F;S?L 1@ M?>CG?HN;LS LI=E @ILG?> GCFFCIH S?;LM ;Al NB;N =IHN;CH?> OHOI
BCAB =IH=?HNL;NCIHM I@ CLC>COG ; L;NB?L L;L? G?MEADLR ; CRLC>?H=?

@IL NB? MN?LIC> &GJ:=N 1B:N *;S %:P? :OM?> NB? "RNCH=NCIH I@ NB? ICHIM;
1BCM F;S?L Q:M >?2JIMCN?> ;N ;<ION NB? NCG? >CHIM;OLM >CM;JJ?;L?> @LIG N
L?=IL> FNBIOAB CLC>COG CM P?LS L;L? CH GIMN LI=EM ;==IOHNCHA @IL IHF
I@ ";LNBbM =LOMN CN CM GO=B GIL? :<OH>:HN CH =IG?NM :H> :MN?LIC>M ?=:
=ILL?MJIH>CHA M:GJF?M I@ LI=EM :N MCN?M CH &N;FS ;H> I?HG;LE =IHN;CH?>
CLC>COG =IH=?HNL;NCIHM NB? FP;L?T?M MOAA?MN?> NB;N NB? CGJ;=N 1@ ; |
QCNB ";LNB F?> NI NB? ?RNCH=NCIH I@ NB? >CHIM;OLM 4B?H =B?GCMNM ;H:F
:>>CNCIH;F M;GJF?M 1@ GCFFCIH S?;L IF> M?>CG?HNM @LIG MCN?M :LIOH> |
Q?L? @IOH> NI =IHN;CH BCAB F?P?FM I@ CLC>COG &H ;>>CNCIH MG;FF AL;C}
GIMN I@ NB? CLC>COG =IHN;CHCHA F;S?LM ?RBC<CN GC=LIM=1JC= =L;=EM =B:
BCAB CHN?HMCNS MBI=E Q;P?M #LAOL2CH "PC>?H=? @IL NB? MN?LIC> &GJ;=
1B:N *:S %:P? :0M?> NB? "RNCH=NCIH |@ NB? |CHBR@RML;CHM ;JJ;L?HNFS
ILCACH;N?> @LIG N?LL?MNLC;F LI=EM ;N NB? CGJ;=N MCN? QBC=B Q?L? JOFP
CGJ;=N ;H> <F;MN?> CHNI NB? 0JJ?L ;NGIMJIB?L? <?@IL? NB?S M?NNF?> ION ;F
QILF>

B?GCMNLS CH NB? *I>?LH 4ILF>
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0=C?HNCMNM =;F=0F;N? NB;N ; =IFFCMCIH 1@ ";LNB QCNB ; MNIHS
;MN?LIC> ;<ION ECFIG?N?LM GCF?M CH>C;G?N%1ry; 05 5./ 00- -2/
NL;P?FCHA :N ECFIG?N?LM J?L M?=IH> :<ION =>/<03. Ti+-> &2+> +C
GCF?M J?L BIOL QIOF> ;FGIMN CHMN;HN;H?IOMFS L2F?2M?>2/ B>38->398
?2H?LAS ?KOCP;F?HN NI NB? ?RJIFIMCIH 1@ :<ION GCFFEI 7=
G?A:NIHM I@ 1+1 NLCHCNLINIFO?H? 1BCM CM GIL? ?H?LAS

NB;H NB;N MNIL?> CH NB? ?HNCL? HO=F?;L ;LM?H:F |@ NB?

QILF> 1B? ?H?LAS L?F?;M?> <S MO=B ;H CGJ;=N QIOF> M?N

@CL? NI P:MN :L?:M 1@ @IL?MN :H>NB? MGIE? @LIG NB? @CL?M

‘H> NB? >OMN =L?;N?> <S NB? CGJ;=N QIOF> <FI=E NB?

MOHFCABN @IL GIHNBM IL S?;LM ?P?HNO:FFS ECFFCHA PCLNO:FFS
‘FF AL??H JF;HNM ;H> GIMN ILA;HCMGM NB:N >?J?H> IH

NB?G 1BCM =IOF> ?RJF;CH QBS ;<ION661@

MJ?=C?M_HIN DOMN >CHIM;OLM_>CM;JJ?;L?> ;N NB? M;G?

NCG? 0=C?HNCMNM :FMI =:F=OF;N? NB;:N NBCM CGJ:=N QIOF>

@ILG ; =L:N?L :N F2:MN ECFIG?N?LM GCF?M CH

>C:G?N?L /?=?HNFS M:N?FFCN? CG:A?M @LIG ; 0J;=?

OBONNF? GCMMCIH =IH@CLG?> NB:N : BOA? :MN?LIC> IL =IG?N
=L;MB?> CHNI ";LNBbM MOL@;=? ;=LIMM NB? 60=:N:HbM

HILNB?LH NCJ CH NB? $OF@ |@ *?RC=I GCFFCIH S?;LM ;Al

F?:PCHA ; J,LNC:FFS MO<G?LA?> =L:N?L ECFIG?N?LM

GCF?M CH >C;G#CAOL? MN?LIC> &GJ;=NBOM ; 93=4g (+6>/< 6@+</D +</
MCGJF? =B?GC=:F G?;MOL?G?HNM I@ NB? :<OH>;H=8.5@ #810<98> 90 + <9-5
?F?G?HN CH LI=EM F?> NI ; H?Q ;H> >L;G;NC= ?RJFS%;NC%?@ zfig/:%% ;i;>3§§9g=2>2/
@IL NB? ?2RNCH=NCIH I@ NB? >CHIM;OLM 1BIOAB_éﬁ§¢: E ) oo ool ol o2
=IHNLIP?LMC;F NBCM ?RJF;H;NCIH CM MOJJILN?> $5=12<= /-+7/ /8>38-> &2/

:>>CNCIH;F ?PC>?H=? GO=B |@ CN =B?GC=;F -98-/8><+>398 90 3<3.3?7 3=
>37/=2312/< 38 >23= 6+C/< >2+8 38
>2/ <9-5=377/.3+>/6C +,9@/ +8.
JB9A 3> &2/</ +</ 89 =318303-+8>
.300/</8-/= ,[>AlI8 >2/ -6+C
6+C/< +8. >2/ =7<<978.381 <9-5=
38 >2/-98-/8><+>398= 90 +8C 90
>2/ 9>2/</6/7/8>=/B+738/.

, 3-<9:29>91<+:2=90 +8
?8=29-5/. ;?2+<>D 1<+38 6/0> +8.
+;?2+<>D 1<+38 0<97 >2/ 3<3.3?7
<3-2 6+C/< /B23,3>381 73-<9=-9:3-
-<+-5=</=?6>381 0<97 =29-5
<312>

B?GCMNLS CH NB? *I>?LH 4ILF>
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317</ =>/<93. 7:+->

&2/ 69-+>398 90 >2/ +=>/<93. 37:+-> -<+>/< 8/+< A2+> 3= 89A >2/ >3: 90 >2/ )?-+>+8 "/838=76+ 38 /B3-9

1BCM CM IHFS IH? ?R;GJF? 1@ BIQ =B?GCMNLS B;M <??H ;JJFC?> NI ;H CGJILN;}
M=C?HNC@C= JLI<F?G ,NB?L =B?GC=;F ;JJFC=;NCIHM ;H> ?RJF;H;NCIHM NB;N
>CM=0OMM CH NBCM N?RN CH=FO>? BIQ ;MNLIHIG?LM >?N?LGCH? NB? >CMN;H
BIQ @CMB =;H MOLPCP? CH MO<@L??TCHA Q;N?L OH>?L JIF;L C=? MB??NM 4~
=IHMC>?L Q;SM CH QBC=B =B?GCMNLS ;@@?=NM IOL >;CFS FCP?M NB? ;>>CN
N;<F? M;FN NB? >?P?FIJG?HN |I@ GIL? ?@@7?=NCP? >LOAM NI NL?;N >CM?;M?M
&!0 ;=KOCL?> CGGOHI>?@C=C?H=S MSH>LIG? ;H>;LNBLCNCM NB? L?NIIFCH
CH>OMNLS NI OM? HIH=BFILCH? =IHN;CHCHA L?@LCA?L;HNM JLIJ?FF;HNM ;H:
=B?GC=;FM NI JL?M?LP? ";LNBbM ITIH? F;S?L NB? OM? I@ GI>?LH G;N?LC;FM CI
?HACH??LCHA =OLL?HN ?@@ILNM NI =IHNLIF NB? JLI<F?GM I@ ;=C> L;CH ;H> ¢
Q;LGCHA ;H>NB? ;Q;L?H?MM NB;N IOL <I>C?M L?KOCL? MG;FF ;GIOHNM I@ MIC(
=B?GC=;F MO<MN;H=?M NB;N ;L? NIRC= QB?H CHA?MN?> CH F;LA?L >IM?M S N
@CHCMB NBCM N?RN SIO QCFF <? ;<F? NI >CM=0OMM NB?M? ECH>M 1@ NIJC=I
?CNB?L ;M ; <?ACHHCHA M=C?HNCMN QBI CHN?H>M NI MJ?H> SIOL =;L??L MNC
JLIKF?GM IL ;M ;H CH@ILG?> I<M?LP?L QBI CM ;<F? NI J;LNC=CJ;N? CH JO<FC=:
NB;N QCFF =?LN;CHFS ;LCM? ;M MI=C?NS AL;JJF?M QCNB M=C?HNC@C= CMMC

B?GCMNLS CH NB? *I>?LH 4ILF>
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Summary

Chemistry CM NB? MNO>S @ G;NN?L ;H> NB? =B;HA?M G;N?LC;F MO<MN;H="?N\
&N CM ?MM?HNC;F @IL OH>?LMN;H>CHA GO=B I@ NB? H;NOL;F QILF>;H> =72}
INB?L M=C?HNC@C=>CM=CJFCH?M CH=FO>CHA ;MNLIHIGS A?IFIAS J;F?IHI
<CIFIAS ;H> G?>C=CH?

KEY TAKEAWAY

X H OH>?LMN;H>CHA |@ =B?GCMNLS CM ?MM?HNC;F @IL OH>?LMN;H>CH
NB? H;NOL;F QILF> ;H> CM =?HNL;F NI G;HS INB?L >CM=CJFCH?”M

B?GCMNLS CH NB? *I>?LH 4ILF>
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1.2 The Scientific Method

LEARNING OBJECTIVE

11 C>?HNC@S NB? =IGJIH?HNM I@ NB? M=C?HNC@C= G?NBI>

0=C?HNCMNM M?;L=B @IL ;HMQ?LM NI KO?MNCIHM ;H> MIFONCIHM NI JLI<F?Gl
JLI=?>0L? =;FF?> N&#entific method 1BCM JLI=?>0L? =IHMCMNM |@ G;ECHA
9,=/<@+>3B4L.GOF;NQB~O>2/=/5H> >?MCAHB1A37/8>=QBC=B CH NOLH F?;> NI
:>>CNCIH;F I<KM?LP;NCIHM BSJINB?M?M ;H> ?RJ?LCG?HNM CH #CXON?> =S=F?
1B? 0=C?HNC@C= *?NBI>

31?</ &2/ %-3/8>303- />29.

=.[:3->/. 38 >23= 069A-2+<> >2/ =-3/8>303- 7/>29. -98=3=>= 90 7+5381 9,=/<@+>398= 09<7?6+>381 2C:
1B7 JLI=2>0L? NB:N M=C?H Cl\fl?\ﬁ\%lsg’sl /B:/<37/8>= =-3/8>3=> 7+C /8>/< >2/ -C-6/ +> +8C :938>

OM? NI M?;L=B @IL ;HMQ?LM NI
KO?MNCIHM ;H> MIFONCIHM NI
JLI<F?GM
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N?HN;NCP? ?RJF;H;NCIH @
M=C?HNC@C= I<M?LP;NCIHI
JONM NB? MSMN?G <?CHA N
CHNI ; @ILG NB;N =;H <? N?M

MSMN?G;NC= I<M?LP;NCIH
G?;MOL?G?HN JL?@7?L;<FS
OH>?L =IHNLIFF?>

B?GCMNLS

,<M?LP;NCIHM =;H <? KO;FCN;NCP? IL KO#NGBEMERD/ 9,=/<@PhBAIS<?
JLIJ?LNC?M IL 1==OLL?H=?M CH Q;SM NB;N >| HIN L?FS IH HOG<?LM "R;GJF?M |
KO;FCN;NCP? I<M?LP;NCIHM CH=FO>? NB? @IFFIQCHA NB? IONMC>? ;CL N?GJ
>OLCHA NB? QCHN?L M?;MIH N;<F? M;FN CM ; =LSMN;FFCH? MIFC> MOF@OL =
;H>>CMMIFPCHA ; J?HHS CH >CFON? HCNLC= ;=C> @ILGM ; <FO? MIFONCIH ;H:
#?+8>3>+>3@/ 9,=/<@?>BIBMOL?G?HNM QBC=B <S >?@CHCNCIH =IHMCMN 1@
8?7,/< ;H>; ?83>'R;GJF?M |@ KO;HNCN;NCP? I<M?LP;NCIHM CH=FO>? NB? @IFF
G?FNCHA JICHN I@ =LSMN;FFCH? MOF@OL CM >?AL??M ?FMCOM ;H> A
M;FN_QBIM? =B?GC=;F H;G? CM MI>COG =BFILC>?_>CMMIFP? CH AL;GM 1@ C
>?AL??M ?FMCOM #IL NB? KO?MNCIH |@ NB? >CHIM;OLMb ?RNCH=NCIH NB? (
I<KM?LP;NCIH Q;M KO;HNCN;NCP? CLC>COG =IH=?HNL;NCIHM CH M?>CG?HNM"
GCFFCIH S?;LM ;AI Q?L? ~ NCG?M BCAB?L NB;H HILG;F

@N?L >?=C>CHA NI F?;LH GIL? ;<ION ;H I<M?LP;NCIH IL ; M?N |@ I<M?LP;NCIHM
M=C?HNCMNM A?H?L;FFS <?ACH ;H CHP?MNCA N@btheSigD || SCHNCP?
?RJF;H;NCIH @IL NB? I<M?LP;NCIHM 1B? BSJINB?MCM G;S HIN <? =|LL?=N <Ol
NB? M=C?HNCMNbM OH>?LMN;H>CHA |@ NB? MSMN?G <?CHA MNO>C?> CHNI
N?MN?> #IL ?R;GJF? NB? I<M?LP;NCIH NB;N Q? ?RJ?LC?H=? ;FN?LH;NCHA J?LC
:H>>LEH?MM =ILL?MJIH>CHA NI I<M?LP?> GIP?G?HNM |I@ NB? MOH GIIH =FIO
MB;>IQM CM =IHMCMN?HN QCNB ?CNB?L |@ NQI BSJINB?M?M  ";LNB LIN;N?M
?P?LS BIOLM ;FN?LH;N?FS ?RJIMCHA IH? MC>? NI NB? MOH IL  NB? MOH L?I
;LIOH>";LNB ?P?LS BIOLM 0OCN;<F? ?RJ?LCG?HNM =;H <? >?MCAH?> NI =BIIN
<?NQ??H NB?M? NQI ;FN?LH;NCP?M #IL NB? >CM;JJ?;L;H=? 1@ NB? >CHIM;OLM
BSJINB?MCM Q;M NB;N NB? CGJ;=N 1@ ; F;LA? ?RNL;N?LL?MNLC;F I<D?=N =;0M
?RNCH=NCIH 2H@ILNOH;N?FS IL J?LB;JM @ILNOH;N?FS NBCM BSJINB?MCM :
CNM?F@ NI >CL?=N N?MNCHA <S ;:HS I<PCIOM ?RJ?LCG?HN <ON M=C?HNCMN
:>>CNCIH;F >;N; NB;N ?CNB?L MOJJILN IL L?@ON? CN
L
1 NB;N
IN@N2L : BSJIINB?MCM B:M <??H @ILG?> M=C?HNCMNM =IH>0=N ?RJ?LCG?HNM
N'I57FC>CESperiments L? MSMN?G;NC= I<M?LP;NCIHM IL G?;MOL?G?HNM JL?@?|
L G;>? OH>?198><9664IH>CNCIHM_NB;N CM OH>?L =IH>CNCIHM CH QBC=B ; MCF
G P LC;<F? =B;HA?M #IL ?R;GJF? CH IOL ?RNCH=NCIH M=?H;LCI CLC>COG =IH="?
?L? G?;MOL?> QILF>QC>? ;H>=IGJ;L?> JLIJ?LFS >?MCAH?> ;H> ?R?=0ON?>

~

=IH>CNCIHM_NB;N CM =IH>CN

CH QBC=B NB? P;LC;<F? |@
CHN?L?MN CM =F?;LFS >CMI
@LIG ;HS INB?LM

P?L<;F IL G;NB?G;NC=;F
>?M=LCJINCIH 1@ ; JB?HIG?H
NB;N ;FFIQM @IL A?H?L;F
JL?>C=NCIHM ;H> ANE$M
B;JJ?HM HIR2CCN B;JJ?HM

=B?GC=;F MO<MN;H=7? ;FQ;$
=IHN;CHM NB? M;G? JLIJILNG
|@ ?F?G?HNM <S G;MM

" ?RJ?LCG?HN ?H;<F?M ; M=C?HNCMN NI >?N?LGCH? QB?NB?L NB? ILCACH;F BS
NORAGEeMERI?LCG?HNM I@N?H >?GIHMNL;N? NB;N NB? BSJINB?MCM CM CH=ILL?-
GOMN <? GI>C@C?> *IL? ?RJ?LCG?HN;F >;N; ;L? NB?H =IFF?=N?> ;H> ;H;FST?>

QBC=B JICHN ; M=C?HNCMN G;S <?ACH NI NBCHE NB;N NB? L?MOFNM ;L? MO@
HL?JLI>O=C<F? C? >?J?H>;<F? NI G?LCN <?CHA MOGGaWCTP2IGHF, IL

G;NB?G;NC=;F >?M=LCJINCIH 1@ ; JB?HIG?HIH NB;N ;FFIQM @IL A?H?L;F JL?>C=l

F;Q MCGJFS M§3MB;JJ?HM CN >I?M HIN ;>>L?MM NB? KORRMNEMIARGIF?

|@ ; F;Q NBaw of definite proportions QBC=B Q;M >CM=IP?L?><S NB? #L?H=B
SMVUI=C?HNCMN 'IM?JB -LIOMN  ~  MN;N?M NB;N ; =B?GC=;F MO<MN;H=7 ;FQ;SlI
MMHN:CHM NB? M;G? JLIJILNCIHM 1@ ?F?G?HNM <S G:MM 1BOM MI>COG =BFILC

1B? 0=C?HNC@C-= *?NBI>
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M;FN ;FQ;SM =IHN;CHM NB? M;G? JLIJILNCIH <S G;MM I@ MI>COG NI =BFILCH?

=M? MI>COG ;H> =BFILCH? <S G;MM ;H> MO=LIM? N;<F? MOA;L CM ;FQ
=;L<IH BS>LIA?H ;H> IRSA?H <S G;MM 610 QCFF F?;LH CH

B;JN?L _OIFC>MNB;N MIG? MIFC> =IGJIOH>M >| HIN MNLC=NFS I<?S NB? F;Q IC

>?@CHCN? JLIJILNEIHM.?PC?Q 1@ =IGGIH OHCNM 1@ G?;MOL?G?HN M?? "MM?
OECFFM 0CENCIH  "MM?HNC;F OECHFMF;Q |@ >?@CHCN? JLIJILNCIHM MBIOF:
M??G I<PCIOM_Q? QIOF> ?RJ?=N NB? =IGJIMCNCIH I@ MI>COG =BFILC>? NI <?
=IHMCMN?HN_<ON NB? B?;> 1@ NB? 20 -;N?HN ,@@C=? >C> HIN ;==?JN CN ;M ; ¢
?,LFS NB =?HNOLS

4B?L?;M ; F;Q MN;N?M INESB;JJ?HM theory ;NN?GJNM NI ?RIARZIH;NOL?
<?B;P?M ;M CN >I?M );QM ;L? OHFCE?FS NI =B;HA? AL?;NFS IP?L NCG? OHF?MM
?RJ?LCG?HN;F ?LLIL CM >CM=IP?L?> &H =IHNL;MN ; NB?ILS <S >?@CHCNCIH
;H>CGI?L@7?=N ?PIFPCHA QCNB NCG? NI ?RJF;CH H?Q @;=NM ;M NB?S ;L? >CI
NB?ILS >?P?FIJ?> NI ?RJF;CH NB? ?RNCH=NCIH I@ NB? >CHIM;OLM @IL ?R;GJF
";LNB I==;MCIH;FFS ?H=I0OHN?LM MG;FF NI G?>COG MCT?> ;MN?LIC>M ;H>NB?
?H=IOHN?LM G;S B;P? OH@ILNOH;N? CGJFC=;NCIHM @IL NB? =IHNCHO?> ?RC\
MJ?=C?M 1BCM NB?ILS CM <S HI G?;HM JLIP?H <ON CN CM =IHMCMN?HN QCN
?PC>?H=?;,G;MM?> NI #QAOL? 00GG;LS 1@ %IQ NB? 0=C?HNC@C= *?NBI> 4
2M?> CH !?P?FIJCHA NB? MN?LIC> &GJ;=N 1B?ILS NI "RJF;CH NB? ICM;JJ?;L;H="

ICHIM;OLM @LIG ";LNB®GG;LCT?M NB? ;JIJFC=;NCIH |@ NB? M=C?HNC@C= G?NE

=M?

MN;N?G?HN NB;N ;NN?GJINM NI
?RJF;CH2CH;NOL? <?B;P?M NB?

Q:S CN>I?M

1B? 0=C?HNC@C-= *?NBI>
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EXAMPLE 1

F;MMC@S ?;=B MN;N?G?HN ;M ; F;Q ; NB?ILS ;H ?RJ?LCG?HN ; BSJINB?MCN
KO;FCN;NCP? IKM?LP;NCIH IL ; KO;HNCN;NCP? I<M?LP;NCIH

A

V

&=?;FQ;SM @FI;NM IH FCKOC> Q;N?L

CL>M ?PIFP?> @LIG >CHIM;OLM

%IN ;CL CM F?MM >?HM? NB;H =IF>;CL JLI<;<FS <?=;0M? NB? =IGJIH?HN

BIN ;CL ;L? GIPCHA GIL? L;JC>FS

4B?H Al@ C=?Q?L?;>>?>NI G)Il@ Q;N?L;N W NB? N?GJ?L;NOL?

I@ NB? Q;N?L >?=L?;M?>NI W ;@N?L NB? C=? G?FN?>

1B? CHAL?>C?HNM I@ &PILS MI;J Q?L? ;H;FST?> NI M?? QB?NB?L CN L?;F
JOL? ;M ;>P?LNCM?>

Given: =IGJIH?HNM 1@ NB? M=C?HNC@C= G?NBI>

Asked for: MN;N?G?HN =F;MMC@C=;NCIH

Strategy:

[?7@?L NI NB? >?@CHCNCIHM CH NBCM M?=NCIH NI >?N?LGCH? QBC=B =;N?.
>?M=LC<?M ?;,=B MN;N?G?HN

Solution:

1BCM CM ; A?H?L;F MN;N?G?HN I1@ ; L?F;NCIHMBCJ <?NQ??H NB? JLIJ?LN
FCKOC> ;H> MIFC> Q:N?L MICN CM ; F:Q

1BCM CM ; JIMMC<F? ?RJF;H;NCIH @IL NB? ILCACH I@ <CL>M MICN CM;
1BCM CM ; MN;N?G?HN NB:N NLC?M NI ?RJF;CH NB? L?F;NCIHMBCJ <?NQ
N?GJ?L;NOL? ;H> NB? >?HMCNS 1@ ;CL <;M?> IH @OH>;G?HN;F JLCH=CJF
CNCM ; NB2ILS

1B? N?GJ?L:NOL? CM G?;MOL?> <?@IL? ;H> :@N?L ; =B;HA? CM G;>? CH :
MSMN?G M| NB?M? :L? KO;HNCN;NCP? I<M?LP;NCIHM

1BCM CM ;H ;H;FSMCM >?MCAH?> NI N?MN ; BSJINB?MCM CH NBCM =;M*
G;HO@;=NOL?LbM =F;CG 1@ JOLCNS MI CN CM ;H ?RJ?LCG?HN

"R?L=CM?

F,MMC@S ?;=B MN;N?G?HN ;M ; F;Q ; NB?ILS ;H ?RJ?LCG?HN ; BSIJINB?MCN\
KO;FCN;NCP? I<M?LP;NCIH IL ; KO;HNCN;NCP? I<M?LP;NCIH

1B? 0=C?HNC@C-= *?NBI>
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1B? 0=C?HNC@C-= *?NBI>

. *?2;MOL?> ;GIOHNM 1@ ;=C> Q?L? ;>>?> NI ; /IF;C>M N;<F?N NI M?? QB?NB?
CN L?;FFS '=IHMOG?M NCG?M CNM Q?CABN CH ?R=?MM MNIG;=B ;=C>

< %7?;N;FQ;SM @FIQM @LIG BIN I<D?=NM NI =lIF?L IH?M HIN CH NB? 13JIMC
>CL?=NCIH

= 1B? OHCP?LM? Q;M @ILG?> <S ; G;MMCP? ?RJFIMCIH NB;N JLIJ?FF?> G;N
CHNI ; P;=00G

> *C=B;?F'IL>;H CM NB? AL?;N?MN JOL? MBIIN?L ?P?L NI JF;S JLI@?MMCIH;
<;ME?N<;FF

? )CG?MNIH? CM L?F;NCP?FS CHMIFO<F? CH Q;N?L <ON >CMMIFP?M L?;>C
;=C>QCNB NB? ?PIFONCIH |@ ; A;M

@ $;M GCRNOL?M NB;N =IHN;CH GIL? NB;H BS>LIA?H CH ;CL ;L? JIN?HNC;F
?RJIFIMCP?

Answer:

?RJ?LCG?HN
F.Q

NB?ILS

BSJINB?MCM

? KO;FCN:NCP? I<M?LP;NCIH
@ KO;HNCN;NCP? I<M?LP;NCIH

A -+

NV Vol

?=,0M? M=C?HNCMNM =;H ?HN?L NB? =SHEAROLRIQHIBR 0=C?HNC@C= *?NBI>
;N ;HS JICHN NB? ;=NO;F ;JJFC=;NCIH |@ NB? M=C?HNC@C= G?NBI>NI>C@@"?
N;E? G;HS >C@@7?L?HN @ILGM #IL ?R;GJF? ; M=C?HNCMN G;S MN;LN QCNB ; E
@ILG?> <S L?;>CHA ;<ION QILE >IH? <S INB?LM CH NB? @C?F> L;NB?L NB;H <S
>CL?=N I<M?LP;NCIHM

&N CM CGJILN;HN NI L?G?G<?L NB;N M=C?HNCMNM B;P? ; N?H>?H=S NI @ILGOI
BSJINB?M?M CH @;GCFC;L N?LGM MCGJFS <?=;,0M? CN CM >C@@C=0OFN NI JL
NB;N B;M H?P?L <??H ?H=I0OHN?L?> IL CG;ACH?><?@IL? M ; L?MOFN M=C?HN
MIG?NCG?M >CM=IOHN IL IP?LFIIE OH?RJ?=N?> @CH>CHAM NB;N >CM;AL?? QC
sMMOGJNCIHM <?BCH> NB? BSJINB?MCM IL NB?ILS <?CHA N?MN?> #ILNOH;N?|
CGJILN;HN @CH>CHAM ;L? CGG?>C;N?FS MO<D?=N NI CH>?J?H>?HN P?LC@C-
M=C?HNCMNM CH INB?L F;<IL;NILC?M MI M=C?H=? CM ; M?F@ =ILL?=NCHA >CN\
FP;L?T?M ILCACH;FFS MOAA?MN?> NB;N ;H ?RNL;N?LL?MNLC;F CGJ;=N =,0M?>
I@ NB? >CHIM;OLM NB? L?MJIHM? Q;M ;FGIMN OHCP?LM;F ME?JNC=CMG ;H> NV
S?,LM BIQ?P?L NB? J?LMO;MCP? H;NOL? |@ NB? ?PC>?H=? IP?L=;G? NB? ME?J
G;HS M=C?HNCMNM ;H> NB?CL CHCNC;F BSJINB?MCM B;M HIQ ?PIFP?> CHNI ;
L?PIFONCIHCT?> J;F?IHNIFIAS ;H> A?IFIAS
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&H?=NCIH 1?M=LCINCIH |@ *:NNPL<?ACH IOL >CM=0OMMCIH |@ =B?GCMNLSE
; >?M=LCINCIH+&>/<1BCM >CM=0OMMCIH CM @IFFIQ?> <S ; MOGG;LS 1@ MIG? I(
JCIH??LCHA >CM=IP?LC?M NB;N F?> NI I0L JL?M?HN OH>?LMN;H>CHA |@ NB?
@OH>;G?HN;F OHCN |@ =B?GGMSILS NB?

Summary

B?GCMNM ?RJ;H> NB?CL EHIQF?>A? <S G;ECHA I<M?LP;NCIHM =;LLSCHA IOl
experiments ;H> N?MNQ@Wgotheses NI >?P?FlJaws NI MOGG;LCT? NB?CL
L?MOFNMthdweries NI ?RJF;CH NB?G &H >ICHA MI NB?S ;L? QbkSACNB?
method

KEY TAKEAWAY

X B?GCMNM ?RJ;H> NB?CL EHIQF?>A? QCNB NB? M=C?HNC@C= G?NBI>

1B? 0=C?HNC@C-= *?NBI>



B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

1B? 0=C?HNC@C-= *?NBI>

CONCEPTUAL PROBLEMS

4B;N ;L? NB? NBL?? =IGJIH?HNM I@ NB? M=C?HNC@C= G?NBI> &M CN H?=’
CH>CPC>O;F NI =IH>0=N ?RJ?LCG?HNM NI @IFFIQ NB? M=C?HNC@C= G?N

&>?HNC@S ?;=B MN;N?G?HN ;M ; NB?ILS IL ; F;Q ;H> ?RJF;CH SIOL L?;MIHCF

;  1B? LiNCI @ ?F?G?HNM CH ; JOL? MO<MN;H=? CM =IHMN;HN

< HI<D?=N ;JJ?;LM <F;=E <?=;,0M? CN ;<MIL<M ;FF NB? PCMC<F? FCABN N
CN

= "H?LAS CM H?CNB?L =L?;N?> HIL >?MNLIS?>

> *?N;FM =IH>0=N ?F?=NLC=CNS <?=;0M? NB?CL ?F?=NLIHM ;L? HIN NCAI
; J;LNC=0F;L HO=F?0OM ;H> ;L? NB?L?@IL? @L?? NI GCAL;N?

&>?HNC@S ?;=B MN;N?G?HN ;M ; NB?ILS IL ; F;Q ;H> ?RJF;CH SIOL L?;MIHCF

; JOL? =B?GC=;F MO<MN;H=? =IHN;CHM NB? M;G? JLIJILNCIH |@ ?F?G?}
G;MM

< 1B? OHCP?LM? CM ?RJ;H>CHA

= ,JIIMCN?FS =B;LA?> J;LNC=F?M ;NNL;=N ?;=B INB?L

> )C@? ?RCMNM IH INB?L JF;H?NM

F;MMC@S ?;=B MN;N?G?HN ;M ; KO;FCN;NCP? I<M?LP;NCIH IL ; KO;HNCN;N
I<M?LP;NCIH

7 *?L=0OLS ;H><LIGCH? ;L? NB? IHFS ?F?G?HNM NB;N ;L? FCKOC>M ;N LIIC
N?GJ?L;NOL?

< H?F?G?HN CM <INB G;FF?;<F? ;H>>0=NCF?

= 1B?>?HMCNS 1@ CLIHCM A =G

> )?;>;<MIL<M MIOH> P?LS ?@@7?=NCP?FS

?  G?N?ILCN? =IHN;CHM HC=E?F <S G;MM

F;MMC@S ?;=B MN;N?G?HN ;M ; KO;HNCN;NCP? I<M?LP;NCIH IL ; KO;FCN;N
[<M?LP;NCIH

;  +C=E?F >?@C=C?H=S CH L;NM CM ;MMI=C;N?> QCNB L?N;L>?> ALIQNB

< ILIH CM; All> =IH>O=NIL |@ ?F?=NLC=CNS ;N BCAB N?GJ?L;NOL?M

1B?L?;L? ~ AI@ TCH=CH ;H;P?L;A? EA;>OFN

> ?LN;CH IMGCOG =IGJIOH>M @IOH> CH ;CL CH =IH=?HNL;NCIHM ;M FIQ
[AG =;H=0M?FOHA =H=?L
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ANSWERS

F:Q
NB?ILS
F.Q
NB?ILS

vV i A

KO;FCN;NCP?
KO;FCN;NCP?
KO;HNCN;NCP?
KO;HNCN;NCP?

AV | A

1B? 0=C?HNC@C-= *?NBI>
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1.3 A Description of

HSNBCHA NB;N [==0JC?M M
:H>B;M G;MM

@OH>;G?HN;F JLIJ?LNS NB
>|?M HIN >?J?H> |H ;H I<D?=N
FI=;NCIH CN CM NB? KO;HNC(
G;NN?L ;H I<D?=N =IHN;CHM

@IL=? =;0M?> <S NB?
AL;PCN;NCIH;F ;NNL;=NCIH N
IJ?L;N?M IH ;H I<D?=N 1B?

Q?CABN |@ ;H I<D?=N >?J?H>

CNMFI=NCIH =@ G;MM

,H? 1@ NBL?? >CMNCH=N MN
G;NN?L NB;N OH>?L HILG;F
=|[H>CNCIHM CM L?F;NCP?F
:H>B;M ; @CR?> PIFOG?

,H? |@ NBL?? >CMNCH=N MN
G;NN?L NB;N OH>?L HILG;F

=IH>CNIHM B;M ; @CR?> PIF
<ON @FIQM NI ;MMOG? NB?
|@ CNM =IHN;CH?L

,H? 1@ NBL?? >CMNCH=N MN;

G;NN?L NB;N OH>?L HILG;F
=IH>CNCIHM B;M H?CNB?L ;
MB;J? HIL ; @CR?> PIFOG? ;H
?RJ;H>M NI =IGIJF?N?FS @CH
=IHN;CH?L

1B? ;GIOHN I@ @IL=? ?R?LN
: ACP?H ;L?;

=B;HA? |@ MN;N? NB;N >I?M
;@@7?=N NB? =B?GC=;F
=IGJIMCNCIH 1@ ; MO<MN;H=

B?GCMNLS

Matter

LEARNING OBJECTIVE

11 =F;MMC@S G;NN?L

B?GCMNM MNO>S NB? MNLO=NOL?M JBSMC=:F JLIJ?LNC?M :H> =B?GC=:F JLI
G:N?LC;F MO<MN:H=?M 1B?M? =H#ME@MMNEZ=B CM :HSNBCHA NB:N 1==0JC?M
MJ;=? ;H> B;M G:MM $IF> :H> CLC>COG :L? G;NN?L :M :L? J2:HONM J?1JF? :H>
JIMN:A? MN:GJM 0GIE? MGIA ;H> F;0ABCHA A:M :L? G:NN?L "H?LAS FCABN :F
MIOH> BIQ?P?L :L? HIN GINN?L C>?:M :H> ?GINCIHM :L? :FMI HIN G:NN2L

J;=?
1B?mass 1@ :H I<D?=N CM NB? KO;HNCNS I@ G:NN?L CN =IHN;:CHM !l HIN =IH@

N 1<D?=NbM G:MM Q@NRIBNMQBC=B CM : @IL=? =:0M?> <S NB? AL;PCN:NCIH:F

bYNNL:=NCIH NB;N 1J2L;N?M IH NB? I<D?=N *:MM CM ; @OH>:G?HN:F JLIJ?LNS I1@

PNRBEEN >17M HIN >?J?H> IH CNM FEHNIBEMC=;F N?LGM NB? G;MM |1@ ;H I<D?=N CI
>CL?=NFS JLIJILNCIH:F NI NB? @IL=? L?KOCL?> NI =B;HA? CNM MJ??> IL >CL?=}
>7N:CF?> >CM=OMMCIH I@ NB? >C@@?L?H=?M <?NQ??H Q?CABN :H> G:MM :H

BN G2:MOL? NB?G CM CH=FO>?> CH "MM?HI9ENTIECFFMM?HNC:F OECFFM

2CABN IH NB? INB?L B;H> >?J?H>M IH NB? FIS;NCIH 1@ ;H I<D?=N H ;MNLIH;O

QBIM? G:MM CM EA Q?CABM <ION  F<IH ":LNB <ON IHFS :<ION F<IH NB? G

<?=:0M? NB? AL;PCN:NCIH;F @IL=? B? IL MB? ?RJ?LC?H=?M IH NB? GIIH CM ;JJL

NEBCRNB NB? @1L=? ?RI?LC?H=?> IH ":LNB #IL JL:=NC=:F JOLJIM?M Q?CABN

5 LERE@N?H OM?> CHN?L=B;HA?:<FS CH F:<IL:NILC?M ?=;0M? NB? @IL=? |@ AL:]
=IHMC>?L?> NI <? NB? M:G? ?P?LSQB?L? IH ":LNBbM MOL@:=?  F< : Q?CABN -

oy i GIMM  L2AL>F?MM 1@ NB? FI=NCIH 1@ NB? Fi<IL;NILS IH ;LNB

3§E+?m HILG:F =IH>CNCIHM NB?L? :L? NBL?2=>EMNOHEN-MEC>M FCKOC>M :H:
A;M?MICAOL?  1B? 1BL?? ON;:N?M I@ *;NS@lids ;L? L?F;NCP?FS LCAC> ;H>
BiP? @CR?> MB;J?M ;H> PIFOG?M  LI=E @IL ?R;GIF? CM ; MIFCliguéd =IHNL;MN
B:P? @CR?> PIFOG?M <ON @FIQ NI ;MMOG? NB? MB;J? I@ NB?CL =IHN;CH?LM
@CRRIL;:A? CH ; =:Bases MO=B ;M ;CL CH :H :ONIGI<CF? NCL? B;P? H?CNB?L @Cl|
>MB:J?M HIL @CR?> PIFOG?M :H> ?RJ:H> NI =IGJF?N?FS @CFF NB?CL =IHN:CH?I
FREY PIFOG? 1@ A:M?M MNLIHAFS >2J2H>M IH NB2CL N?@435(NOL NB?
‘GIOHN I@ @IL=? ?R?LN?> [H : ACP?H ;L?: NB? PIFOG?M I@ FCKOC>M :H> MIFC
>HCLNO;FFS CH>?J?H>?HN 1@ N?GJ?L;NOL? ;H> JL?MMOL? *:NN?L =;H I@N?H =l
IH? JBSMC=;F MN;N? NI ;HINB?L CH : JLI=?MphysaPehange #IL ?R;GJF?
HRCKOC> Q;N?L =;H <? B?;N?> NI @ILG ; A;M =;FF?> MN?;G IL MN?;G =;H <? =IIF?>

?
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@ILG FCKOC> Q;N?L %IQ?P?L MO=B =B;HA?M |@ MN;N? > HIN ;@@?=N NB? =E
=IGJIMCNCIH 1@ NB? MO<MN;H="?
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Pure Substances and Mixtures

:?</ -2/73-+6 =?,=>+8@&M ;:HS G;NN?L NB;N B;M ; @CR?> =B?GC=;F =IGJIMCNCIH
=B;L;=N?LCMNC= JLIJ?LNC?M ,RSA?H @IL ?R;GJF? CM ; JOL? =B?GC=:F MO<M
:=IFILF?MM I>ILF?MM A;M N W 37LS @?Q M;GJF?M |@ G;NN?L =IHMCMN |1@ J
LIG<CH:NCIH 1@ NOI IL GILA MO<MN;H=?M CHMN?;> GiMtireS QBC=B ;L? =IG<CH;NCIHM I@ NQI IL GIL?
JOL? MO<MN:H=?M CH P:LC:kF3OL? MO<MN;H=?M CH P;LC;<F? JLIJILNCIHM CH QBC=B NB? CH>CPC>O;F MO<I
JLIJILNCIHM CH QBC=B NB? | NB?CL C>?HNCNS CL N;J Q;N?L GCFE <FO? =B??M? <L?;> ;H>>CLN ;L? ;FF G
CH>CPC>O;F MO<MN;H=?M L?N:GHy) | NCIHM 1@ ; G;N?LC;F ;L? CH NB? M;G? MN;N? B;P? HI PCMC<F? <IOH>;LC’
NB?CL L?MJ?=NCP? C>?HNCN%?M .

C@ILG NBLIOABION NB?H NB? Ghfidggnedlis "R;GJF?M I@

GCRNOL? CH QBC=B ;FF JIUINGKBA?H?IOM GCRNOL?M ;L? NB? ;CL Q? <L?;NB? ;H> NB? N;J Q;N?L Q? >LCHE
k%fﬁ;NB?_LF)C,;ELP?C%HCZ‘E;’ M:G?961GIA?H?I0M GCRNOL?M ;L? ;FMI=96E2398B0OM ;CL CM ; MIFONCIH 1@ HCNLIA?!
SOH>LC?M Ho L? oHe@ILe IRSA?H QiN?L PJIL =L<IH >CIRC>? ;H> M?P?L;F INB?L A;M?M N;J Q;N?L CM ;
NBLIOABION MIFONCIH I@ MG;FF ;GIOHNM 1@ M?P?L;F MO<MN;H=?M CH Q;N?L 1B? MJ?=C@

?M=LCJINCIH 1@ *;NN?L
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GCRNOL? CHQBC=B; G;N?
CM HIN =IGJF?N?FS OHC@IL
NBLIOABION

JBSMC=;F JLI=?MM OM?> NI
M?J;L;N? BIGIA?H?IOM
GCRNOL?M MIFONCIHM CH
=IGJIH?HN MO<MN;H=?M
ICMNCFF;NCIH G;E?M OM? I¢
>C@@7?L?H=?M CH NB? PIF;]
NB? =IGJIH?HN MO<MN;H=?N

?M=LCJINCIH 1@ *;NN?L

I@ <INB |@ NB?M? MIFONCIHM ;L? HIN @CR?> BIQ?P?L <ON >?J?H> |H <INB MI(
FI=;NCIH @IL ?R;GJF? NB? =IGJIMCNCIH I@ N;J Q;N?L CH IG333\&2;Bl,&M

;M NB? =IGJIMCNCIH I@ N;J Q;N?L CH O@@;FI +?Q 6ILE FNBIOAB GIMN MIFON
?H=IOHN?L ;L? FCKOC> MIFONCIHM =;H ;FMI <? MIFC> 1B? AL;S MO<MN;H="? MI
MIG? >?HNCMNM NI @CFF NIINB =;PCNC?M CM ; =IGJF?R MIFC> MIFONCIH NB;N
G?L=0OLS ;H> 1@ ; JIQ>7L NB;N =IHN;CHM GIMNFS MCFP?L NCH ;H>=13J?L QC
MG;FF ;GIOHNM I@ TCH= ;H> G?L=0OLS OIFC> MIFONCIHM 1@ NQI IL GIL? G?N;FI
=IGGIHFS =;FF2669C=

&@ NB? =IGJIMCNCIH 1@ ; G;N?LC;F CM HIN =IGJF?N?FS OHC@ILG NB?H CN CN\
heterogeneous ? A =BI=IF;N? =BCJ =lIEC? >I0OAB <FO? =B??M? ;H>>CLN
*CRNOL?M NB;N ;JJ?;L NI <? BIGIA?H?IOM ;L? I@N?H @IOH> NI <? B?N?LIA?H?IO
GC=LIM=1JC=?R;GCH;NCIH *CFE @IL ?R;GJF? ;JJ?;LM NI <? BIGIA?H?IOM <ON
?R;GCH?> OH>?L ; GC=LIM=1J? CN =F?;LFS =IHMCMNM I@ NCHS AFI<OF?M 1@ (
>CMJ?LM?> CH QACAOL? %?N?LIA?H?IOM *CRNQ@B? =IGJIH?HNM 1@
B?N?LIA?H?IOM GCRNOL?M =;H OMO;FFS <? M?J;L;N?> <S MCGJF? G?;HM OIFC
GCRNOL?M MO=B ;M M;H> CH Q;N?L IL N?; F?;P?M CH N?; ;L? L?;>03&-MPI3981 7>
QBC=B =IHMCMNM 1@ J;MMCHA NB? GCRNOL? NBLIOAB ; <;LLC?L MO=B ;M ; MI
BIF?M IL JIL?M NB;N ;L? MG;FF?L NB;H NB? MIFC> J;LNC=F?M &H JLCH=CJF? G(
IL GIL? MIFC>M MO=B ;M MOA,L ;H> M;FN =;H <? M?J;L;N?> <S GC=LIM=1JC= CHI
;H> MILNCHA *IL? =IGJF?R IJ?L;NCIHM ;L? OMO;FFS H?=?MM;LS NBIOAB MO=B
M?J;L;NCHA AIF> HOAA?NM @LIG LCP?L AL;P?F <S J;HHCHA #CLMN MIFC> G;N
@LIG LCP?L Q;N?L NB?H NB? MIFC>M ;L? M?J;L;N?> <S CHMJ?=NCIH &@ AIF>(
LI=E CN G;S B;P? NI <? CMIF;N?> OMCHA =B?GC=;F G?NBI>M

%IGIA?H?I0M GCRNOL?M MIFONCIHM =;H <? M?J;L;N?>
CHNI NB?CL =IGJIH?HN MO<MN;H=?M <S JBSMC=;F 3 5=PMM2M,, /o
NB;N L?FS IH >C@@?L?H=?M CH MIG? JBSMC=;F JLIJZLNS MO=B

;M >C@@?L?H=?M CH NB?CL <ICFCHA JICHNM 1QI |@ NB?M?
M?J;L;NCIH G?NBI>M ;L? >CMNCFF;NCIH ;H> =LSMN;FFCT;NCIH
Distillation ~ G;E?M OM? |@ >C@@?L@363M36B>C

G?;MOL? 1@ BIQ ?;MCFS ; MO<MN;H=? CM =IHP?LN?> NI ; A;M

;N ; ACP?H N?GJ?L;N@CAOL? _ 1B? ICMNCFF;NCIH 1@ ;

OIFONCIH I@ 1;<F? 0;FN CH MERQM ; MCGJF?

i)
NCFCNC?M 1@
1

>CMNCFF;NCIH ;JJ;L;NOM @IL M?J;L;NCHA ; GCRNOL? |@

FGITO<MN;H=?M :N F?;MN IH? I@ QBC=B CM ; FCKOC> 1B? GIMN

PIF:NCF? =IGJIH?HN <ICFM @CLMN ;H> CM =IH>?HR/M73 £3=2\f A296/ 7365

FCKOC> CH NB? Q;N?L =IIF?> =IH>?HM?L @LIG QBB CR 2o <sor

@FIQM CHNI NB? L?=?CPCHA @F;ME &@ ; MIFONGIH J@ Msi H>—/ 38

\IQEYL CM >CMNCFF?> @IL ?R;GJF? NB? GIL? PIF;NER?

=IGJIH?HN JOL? Q;N?L =IFF?=NM CH NB? L?=?CPCHA @F;ME
QBCF? NB? M;FN L?G;CHM CH NB? >CMNCFF;NCIH @F;ME
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*CRNOL?M I@ NQI IL GIL? FCKOC>M QCNB >C@@7?L?HN <ICFCHA JICHNM =;H <
; GIL? =IGJF?R >CMNCFF;NCIH ;JJ;L;NOM ,H? ?R;GJF? CM NB? L?7@CHCHA |@ =1
J?NLIF?0G CHNI ; L;HA? |@ OM?@OF JLI>O=NM ;PC;NCIH @O?F A;MIFCH? E?L
@O?F ;H>FO<LC=;NCHA ICF CH NB? ;JJLIRCG;N? IL>?L |@ >?=L?;MCHA PIF;NC
?R;GJF? CM NB? >CMNCFF;NCIH |@ ;F=IBIFC= MJCLCNM MO=B ;M <L;H>S IL QBC
L?F;NCP?FS MCGJF? JLI=?>0L? =,0M?> GIL? NB;H ; @?Q B?;>,=B?M @IL @?>?L,
;ONBILCNC?M CHNB? M >0OLCHANB? ?L; |@ -LIBC<CNCIH QB?H CFF?A;F MN(
CH L?GIN? L?ACIHM I@ NB? 2HCN?> ON;N?M

Crystallization M?J;L;N?M GCRNOL?M <;M?> |H >C@ @AZBEZECMOL? |@

BIQ GO=B MIFC> MO<MN;H=? L?G;CHM >CMMIFP?> CH ; ACP?H ;GIOHN |I@ ; MJ?
JBSMC=;F JLI=?MM OM?> NI

M23-L:N? BIGIA?H?2IOM *IMN MO<MN;H=?M ;L? GIL? MIFO<F? ;N BCAB?L N?GJ?L;NOL?M MI; GCRNOL? I
GC-:FéNlOL?M MH.:O-NCIHM CHN|@B:£:MO<MN;H=?M =H <? >CMMIFP?> ;N ;H ?F?P;N?> N?GJ?L;NOL? ;H> NB?H ;FF
=IGJIH?HN MO<MN;H=?M =IlIF MFIQFS FN?LH;NCP?FS NB? FCKOC=96@FRZS\&7;FFIQ?> NI

LSMN;FFCT;NCIH M?JLN?M - 2p- 31 :N? &H ?CNB?L =;M? NB? F?;:MN MIFO<F? I@ NB? >CMMIFP?> MO<MN;H="
GCRNOL?M <;M?> IH>C@@7L72-=">

CH NB?CL MIFO<CECNC?M (.lj\_/l 2;MN FCE?FS NI L?G;CH CH MIFONCIH OMO;FFS @ILGM =LSMN;FM @CLMI

?M=LCJINCIH 1@ *;NN?L



B;IJN?L &HNLI>O=NCIH NI

JOL? MO<MN;H=? NB;N =;HH
<? <LIE?H >IQH CHNI ; MCGJ
MO<MN;H=? <S =B?GC=;F =B

JOL? MO<MN;H=? NB;N =IHN
NQI' IL GIL? ?F?G?HNM ;H> B;
=B?GC=;F ;H> JBSMC=;F
JLIJ?LNC?M NB;N ;L? OMO;FH
>C@@7?L?HN @LIG NBIM? |@
?F?G?HNM I@ QBC=B CN CM
=IGJIM?>

JLI=?MM CH QBC=B NB?
=B?GC=;F =IGJIMCNCIH 1@ IH
GIL? MO<MN;H=?M CM ;FN?L|

?M=LCJINCIH 1@ *;NN?L

B?GCMNLS

=H <? L?GIP?> @LIG NB? L?G;CHCHA MIFONCIH <$QrCHNL ;NTB?P
LSMN;FFECT;NCIH 1@ 0I>COG =?N;N? @LIG ; IH=?HNL;N?> 0IFONCIH I@ 0I>COG
CH 4;N?L>L;G;NC=;FFS CFFOMNL;N?M NB? JLI=?MM |@ =LSMN;FFCT;NCIH

31?7</ &2/ <C=>+663D+>398 90 %9.3?7 -/>+>/ 0<97 + 98-/8><+>/. %96?>398 90 %9.3?7 -/>+>/ 38 (+
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*IMN GCRNOL?M =;H <? M?J;L;N?> CHNI JOL? MO<MN;H=?M QBC=B G;S <? ?CNI
m\’[?F?G?HNM IL =IGJIOH>Meleiment MO=B ;M AL;S G?N;FFC=MI>COG CM ; MO<N
-oN\B;N =;HHIN <? <LIE?H >IQH CHNI MCGJF?L IH?M <S =B?GC=gonripbdlheM ;
HMOEB ;M QBCN? =LSMN;FFCH? MI>COG =BFILC>? =IHN;CHM NQI IL GIL? ?F?G?
LGP ?GC=;F ;H> JBSMC=;F JLIJ?LNC?M NB;N ;L? OMO;FFS >C@@?L?HN @LIG NBI!
v ?F?G?HNM @ QBC=B CN CM =IGJIM?> 4CNB IHFS ; @?Q ?R=?JNCIHM ; J;LNC=(

=IGJIOH> B;M NB? M;G? ?F?G?HN;F =IGJIMCNCIH NB? M;G? ?F?G?HNM CH NB?
'SILIJILNCIHM L?A;L>F?MM 1@ CNM MIOL=? IL BCMNILS 1B? =B?GC=;F =IGJIMCN(

'\i\ﬁr>O<MN;H=? CM ;EN?L?> CH ; JLI=?NMNemieaPehange 1B? =IHP?LMCIH I@ NQI

IL GIL? ?F?G?HNM MO=B ;M MI>COG ;H> =BFILCH? NI ; =B?GC=;F =IGJIOH> MI>

=BFILC>? CM ;H ?R;GJF? 1@ ; =B?GC=;F =B;HA? I@N?H =;FF?>; =B?GC=;F L?;=N
i» PLL?HNFES [<ION  ?F?G?HNM ;L? EHIQH <ON GCFFCIHM 1@ =B?GC=;F =IGJIO}

2>
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<??HJL?J;L?> @LIG NB?M? ?F?G?HNM 1B? EHIQH ?F?G?HNM ;L? FCMN?> CH
J?LCI>C=N;<F? BIN?L JI?H>CR % -?LCI>C=1;<F? @ "F?G?HNM

&H A?H?L;F ; L?P?LM? =B?GC=;F JLI=?MM <L?;EM >IQH =IGJIOH>M CHNI NB?CL
#IL ?R;GJIF? Q;N?L ; =IGJIOH> =;H <? >?=IGJIM?> CHNI BS>LIA?H ;H> IRSA?H
<INB ?F?G?HNM <S ; JLI=?MM BFFR96C&3= ?F?=NLIFSMCM ?F?=NLC=CNS JLIP
NB? ?H?LAS H??>7> NI M?J;L;N? ; =IGJIOH> CHNI CNM =IHMNCN@CHANI?F?G?HNI
1B? 1?=IGJIMCNCIH @ 4:N?L NI %S>LIA?H ;H> ,RSA?H <S "F?=NLIFSMCM

MCGCF;L N?=BHCKO? CM OM?> IH ; P;MN M=;F? NI I<N;CH JOL? ;FOGCHOG ;H ?
CNM IL?M QBC=B ;L? GCRNOL?M 1@ =IGJIOH>M ?=,0M?; AL?;N >?;F |@ ?H?LA!
L?KOCL?> @IL ?F?=NLIFSMCM NB? =IMN |I@ ?F?=NLC=CNS CM <S @;L NB? AL?;
CH=0OLL?> CH G;HO@;=NOLCHA JOL? ;FOGCHOG 1BOM L?=S=FCHA ;FOGCHOC
?@@7?=NCP? ;H> ?=IFIAC=;FFS MIOH>

317</
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1B? IP?L;FF ILA;HCT;NCIH 1@ G;NN?L ;H> NB? G?NBI>M OM?> NI M?J;L;N? GCRN
MOGG;LCT?>#3AOL?  /?F;NCIHMBCJM <?NQ??H NB? 1SJ?M 1@ *;NN?L ;H> NB
*?NBI>M 2M?> NI 0?J;L;:N? *CRNOL?M

?M=LCJINCIH 1@ *;NN?L
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EXAMPLE 2

&>?HNC@S ?;=B MO<MN;H=? ;M ; =IGJIOH> ;H ?F?G?HN ; B?N?LIA?H?IOM
GCRNOL? IL; BIGIA?H?IOM GCRNOL? MIFONCIH

@CFN?L?> N?;

@L?MBFS MKO??T?> IL;HA? DOC=?

; =IGJ;=N >CM=

;FOGCHOG IRC>? ; QBCN? JIQ>?L NB;N =IHN;CHM ; L;NCI 1@ ;FOGCHOC
;H>IRSA?H ;NIGM

? M?F?HCOG

AV | A

Given: ; =B?GC=;F MO<MN;H="?
Asked for: CNM =F;MMC@C=;NCIH

Strategy:

A1?=C>? QB?NB?L ; MO<MN;H=? CM =B?GC=;FFS JOL? &@ CN CM JOL? NB?
CM ?CNB?L ;H ?F?G?HN IL ; =IGJIOH> &@ ; MO<MN;H=? =;H <? M?J;L;N?> CHN
?F?G?HNM CN CM ; =IGJIOH>

B &@ ; MO<MN;H=? CM HIN =B?GC=;FFS JOL? CN CM ?CNB?L ; B?N?LIA?H?IC
IL ; BIGIA?H?IOM GCRNOL? &@ CNM =IGJIMCNCIH CM OHC@ILG NBLIOABIOI
BIGIA?H?IOM GCRNOL?

Solution:

A1?; CM; MIFONCIH I@ =IGJIOH>M CH Q;N?L MI CN CM HIN =B?GC=;FFS.

CM OMO;FFS M?J;L;N?> @LIG N?; F?;P?M <B @CBME;NB8M

=IGJIMCNCIH I@ NB? MIFONCIH CM OHC@ILG NBLIOABION CN CM ; BIGIA

GCRNOL?

< A ,L;HA? DOC=? =IHN;CHM J;LNC=F?M |@ MIFC> JOFJ ;M Q?FF ;M FCKOC
=B?GC=;FFS J@ ?=;0M? CNM =IGJIMCNCIH CM HIN OHC@ILG NBLIOABIO
IL;HA? DOC=? CM ; B?N?LIA?H?IOM GCRNOL?

= A =IGJ;=N>CM=CM ; MIFC> G;N?LC;F NB;N =IHN;CHM GIL? NB;H IH?
?F?G?HN QCNB L?ACIHM |@ >C@@?L?HN =IGJIMCNCIHM PCMC<F? ;FIH/
%7?H="?; =IGJ;=N >CM= CM HIN =B?GC=;BAB3QRPACIHM I@ >C@@7?L?HN
=IGJIMCNCIH CH>C=;N? NB;N ; =IGJ;=N >CM= CM ; B?N?LIA?H?IOM GCRNC

> A FOGCHOG IRC>? CM ; MCHAF? =B?GC=;FFS JOL? =IGJIOH>

? AO0?F?HCOG CM IH? I@ NB? EHIQH ?F?G?HNM

?M=LCJINCIH 1@ *;NN?L



B;IJN?L &HNLI>O=NCIH NI

=B;L;=N?LCMNC= NB;N M=C
=;H G?;MOL? QCNBION =B;HA
NB? =IGJIMCNCIH |@ ; M;GJF
OH>?L MNO>S

1B? =B;L;=N?LCMNC-= ;<CFCN
MO<MN;H=? NI L?;=N NI @ILGC
MO<MN;H=?"M

JBSMC=;F JLIJ?LNS NB;N P;
QCNB NB? ;GIOHN 1@ ;
MO<MN;H=?

JBSMC=;F JLIJ?LNS NB;N >I1
HIN >?J?H> |H NB? ;GIOHN I@
NB? MO<MN;H=? ;H> JBSMC=3
MN;N? ;N ; ACP?H N?GJ?L;NG
;H>JL?MMOL?

?M=LCJINCIH 1@ *;NN?L

B?GCMNLS

"R?L=CM?

&>?HNC@S ?;=B MO<MN;H=? ;M ; =IGJIOH> ;H ?F?G?HN ; B?N?LIA?H?IOM
GCRNOL? IL; BIGIA?H?IOM GCRNOL? MIFONCIH

QBCN? QCH?
G?L=0LS

L;H=B MNSF? M;F:;> >L?MMCHA
N;<F? MOA;L MO=LIM?

A -+

Answer:

MIFONCIH

?F?G?HN

B?N?LIA?H?IOM GCRNOL?
=IGJIOH>

([ A

\Y

Properties of Matter

FF G;NN?L B;M JBSMC=;F ;H> =B?GC=;F JLRIdWwa@aPptoperties  ;L?
=B;L;=N?LCMNC=M NB;N M=C?HNCMNM =;H G?;MOL? QCNBION =B;HACHA NB? :
M;GJF? OH>?L MNO>S MO=B ;M G;MM =IFIL ;H>PIFOG? NB? ;GIOHN I@ MJ;=7 |
<S; M;GJF?Chemical properties >?M=LC<? NB? =B;L;=N?LCMNC=;<CFCNS 1@ ;
MO<MN;H=? NI L?;=N NI @ILG H?Q MO<MN;H=?M NB?S CH=FO>? CNM @F;GG;<
MOM=?IJNC<CFCNS NI =ILLIMCIH FF M;GJF?M |@ ; JOL? MO<MN;H=? B;P? NB? \
;H>JIBSMC=;F JLIJ?LNC?M #IL ?R;GJF? JOL? =1JJ?L CM ;FQ;SM ; L?>>CMB <LIQF
: JBSMC=;F JLIJ?LNS ;H>;FQ;SM >CMMIFP?M CH >CFON? HCNLC= ;=C> NI JLI>C
MIFONCIH ;H>; <LIQH A;M ; =B?GC=;F JLIJ?LNS

PHNCMNM

;C—"BASMC:F JLIJ?LNC?M =;H <? ?RN?HMCP? | EgtidhsiaVitdierties P;LS QCNB

" NB? ;GIOHN I@ NB? MO<MN;H=? ;H> CH=FO>? G;MM Q?CABiterdive®IFOG?
properties CH =IHNL;MN >| HIN >?J?H> I[H NB? ;GIOHN I@ NB? MO<MN;H=? NB’

"Sd%@':FOS? =IFIL G?FNCHA JICHN <ICFCHA JICHN ?F?=NLC=;F =IH>0O=NCPCNS ;

’ |_l\'/IRI;N’? ;N ; ACP?H N?GJ?L;NOL? #IL ?R;GJF? ?F?G?HN;F MOF@OL CM ; S?FFIQ:
MIFC> NB;N >I?M HIN =IH>0=N ?F?=NLC=CNS ;H>B;M ; G?FNCHAJICHN I@ W

'C@%;N ;GIOHN CM ?R;GCHCAQOL? 1B? IC@@?L?H=? <?NQ??H "RN?HMCP? ;H>
&HN?HMCP? -LIJ?LNC?M 1@ GNBIZHNCMNM =IGGIHFS G?;MOL? CHN?HMCP? JLI.
NI >?N?LGCH? ; MO<MN;H=?bM C>?HNCNS QB?L?;M ?RN?HMCP? JLIJ?LNC?M =

>Iva@ILG;NCIH :<ION NB? ;GIOHN |@ NB? MO<MN;H=? CH ; M;GJF?

F

L?




B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

H CHN?HMCP? JLIJ?LNS 1@

G;NN?L >?HMCNS CM NB? G|,

OHCN PIFOG? OMO;FFS ?RJ
CHA=G N;ACP?H

N?GJ?L;NOL? NB? >?HMCNS
MO<MN;H=? CM ; =IHMN;HN

?M=LCJINCIH 1@ *;NN?L

MMRstance | Density at 25iC (g/cm3)
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FNBIOAB G;MM ;H> PIFOG? ;L? <INB ?RN?HMCP? JLIJ?LNC?M NB?CL L;NCI CM ;
CGJILN;HN CHN?HMCP? JLIJ?LNerskfFRd)  ?HMCNS CM >?@CH?> ;M G;MM J?L
OHCN PIFOG? ;H> CM OMO;FFS ?RJL?MM?> CH AL;GM J?L =0O<C= =FHNCG?N?L
G;MM CH=L?;M?M CH ; ACP?H PIFOG? >?HMCNS ;FMI CH=L?;M?M #IL ?R;GJF? |
AL?;N?L G;MM B;M ; @;L AL?;N?L >?HMCNS NB;H NB? M;G? PIFOG? |@ ;CL DOM
B;M; AL?;N?L >?HMCNS NB;H NB? M;G? PIFOG? |@ ONSLI@I;G N ; ACP?H N?GJ~
;H>JL?MMOL? NB? >?HMCNS I@ ; JOL? MO<MN;H=? CM ; =IHMN;HN

;?7+>398
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-OL? Q;N?L @IL ?R;GJF? B;M;>?HMCNS |@ ;M 3@

1B? ;P?L;A? >?HMCNC?M |@ MIG? =IGGIH MO<MNH=<E® ;LPZEWNICNC?M |@
IGGIH 0O<MN;H=?MtINC=? NB;N =ILH ICF B;M ; FIQ?L G;MM NI PIFOG? L;NCI NB;!
Q;N?L 1BCM G?;HM NB;N QB?H ;>>?> NI Q;N?L =ILH ICF QCFF "@FI;N a "R;GJF?
BIQ >?HMCNS G?;MOL?G?HNM =;H <? OM?> NI C>?HNC@S JOL? MO<MN;H=?M

1;<F? 1?HMCNC?M 1@ IGGIH 00<MN;H=?M
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?M=LCJINCIH 1@ *;NN?L

EXAMPLE 3

1B? >?HMCNC?M |@ MIG? =IGGIH FCKACH? ;| ?ICHMCNC?M |@ )CKOC>M
CH"R;GJF? &G;ACH? SIO B;P? @CP? <INNF?M =IHN;CHCHA =IFILF?MM FCKC(
F;<?F?>" 610 GOMN C>?HNC@S NB?G <S G?;MOLCHA NB? >?HMCNS |@ ?;
2MCHA ; JCJ?NN? ; F;<IL;NILS CHMNLOG?HN @IL ;==0OL;N?FS G?;MOLCHA ;H:
NL;HM@?LLCHA FCKOC>M SIO =;L?@OFFS G?;MOL? G) @ ?;=B FCKOC> |
<?;E?LM |@ EHIQH G;MM G) =IO NB?H Q?CAB ?;=B M;GJF? IH ;
F:<IL;NILS <;F;H=? 2M? NB? N;<OF;N?> >:N; NI =;F=OF;N? NB? >?HMCNS |@ ?;
M;GJF? ;M?> MIF?FS IH SIOL L?MOFNM =;H SIO OH;G<CAOIOMFS C>?HNC@
FCKOC&E H?=?MM;LS L?PC?Q NB? OM? |@ MCAHC@C=;HN @CAOL?M CH =
"MM?HNC;F OECREMNCIH  "MM?HNC;F OEQEEM. NI QILECHA NBCM

?R;GJIF?

*MM?M |@ M;GIJF?M A A A A A

1 )" 1"+0&18&"0 ,# )&.2&!0 &+ "5 *-)"

Substance Density at 25;C (g/cmg)

Q;N?L

?NB;HIF NB? ;F=IBIF CH <?P?L;A?M

G?NB;HIF QIlI> ;F=IBIF

?NBSF?H? AFS=IF OM?> CH ;HNC@L??T?

>C?NBSF ?NB?L "?NB?La IH=? QC>?FS OM?> ;M ;H ;H?MNB?NC=

CMIJLIJ;HIF LO<<CHA ;F=IBIF

Given: PIFOG? ;H> G;MM

Asked for: >?HMCNS

Strategy:

A ;F=OF;N? NB? >?HMCNS |@ ?;=B FCKOC> @LIG NB? PIFOG?M ;H> G;MM?M

B B?=E NI G;E? MOL? NB;N SIOL ;HMQ?L G;E?M M?HM?



B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

?M=LCJINCIH 1@ *;NN?L

C IGJ;L? ?;=B =;F=0OF;N?>>?HMCNS QCNB NBIMZ;AEP?H ZTHMCNC?M

|@ )CKOC>M CH "R;GJ&® NB? =;F=0F;N?> >?HMCNS 1@ ; FCKOC> CM HIN
MCAHC@C=;HNFS >C@@7?L?HN @LIG NB;N I@ IH? |@ NB? FCKOC>M ACP?H
NB? OHEHIQH FCKOC> CM GIMN FCE?FS NB? =ILL?MJIH>CHA FCKOC>

D&@ HIH? I@ NB? L?JILN?>>?HMCNC?M =ILL?MJIH>M NI NB? =;F=OF;N?> >?|
NB?H NB? FCKOC> =;HHIN <? OH;G<CAOIOMFS C>?HNC@C?>

Solution:

A1?HMCNS CM G;MM J?L OHCN PIFOG? ;H> CM OMO;FFS L?JILN?> CH AL;GM
=?HNCG?N?L IL AL;GM J?L GCFFCFCN?L <?=,0M?1E) G;MM?M |@ NB?
M;GJF?M ;L? ACP?H CH AL;GM ;H>NB? PIFOG? |I@ ;FF NB? M;GJF?M CM G

=G 1B? >?HMCNS |@ ?;=B M;GJF? CM =;F=0F;N?> <S >CPC>CHA NB? G
CNM PIFO&O;NCIH  1B? >?HMCNS 1@ M;G@® ?R;GJF? CM

DN
INB NB? PIFOG? ;H> NB? G;MM ;L? ACP?H NI @IOL MCAHC@C=;HN @CAOL?N
MCAHC@C=HN @CAOL?M ;L? J?LGCNN?> CH NB? L?MOFNOBARCMM?HNC;F
"MM?HNC:F OECFEML ; >CM=OMMCIH |@ MCAHC@C=;HN @CAOL?M 1B?:>
I@ NB? INB?L M;GJF?M CH AL;GM J?L =O<C==?HNCG?N?L ;L? ;M @IFFIQM
H>

B "R=?JN @IL M;GJFRB? =;F=0OF;N?> >?HMCNC?M ;L? MFCABNFS F?MM NB;H
1BCM G;E?M M?HM? <?=;,0M? NB? G;MM?M CH AL;GM @’N;6JF?M
MFCABNFS F?MM NB;H NB? PIFOG? |@ NB? M;GJF?M G) &H =IHNL;MN NE
|@ M;GJF?CM MFCABNFS AL?;N?L NB;H A MI CNM >?HMCNS GOMN <? MIG?
AL?;N?L NB;H A=G

C IGJ;LCHA NB?M? L?MOFNM QCNB NB? >N<ACP?HBMCNC?M |@

JCKOC>M CH "R;GJMBIQM NB;N M;GJEM JLI<;<FS >C?NBSF ?NB?L

A=G H> A=G :L? HIN MO<MN;HNC;FFS >C@@?L?8N M;GJF?

JLI<;<FS Q;N?L A =G CHNB? N;<F? P?LMOM AGBMOL?>

:H> M:GJF? CM JLI<;<FS ?NBSF?H? AFS=IF CEGNB? N;<F? P?LMOM
A=G G?:MOL?>

DO0;GJF?M ;H> ;L? GIL? >C@@C=0FN NI C>?HNC@S @IL NQI L?;MIHM INI
B;P? MCGCF;L >?HMCNC?M JH> A =K8I NB?S G;S IL G;S HIN <?

=B?GC=;FFS C>?HNC=;F 4CNBCH ?RJ?LCG?HN;F ?LLIL NB? G?;MOL?> >?}
@ ;H> ;L? CH>CMNCHAOCMB;<F? @LIG NB? >?HMCNC?M I@ ?NB;HIF A



B;IJN?L &HNLI>O=NCIH NI B?GCMNLS
G?NB;HIF A=G ;H>CMIJLIJ;HIF A=G 1BOM MIG? JLIJ?LNS
INB?L NB;H >?HMCNS GOMN <? OM?> NI C>?HNC@S ?;=B M;GJF?
"R?L=CM?
$CP?H NB? PIFOG?M ;H> G;MM?M |@ @CP? M;GJF?M 1@ =IGJIOH>M OM?> C}

<F?H>CHA A;MIFCH? NIA?NB?L QCNB NB? >?HMCNC?M I@ M?P?L;F =B?GC=
FCKOC>M C>?HNC@S ;M G;HS |@ NB? M;GJF?M ;M JIMMC<F?

<?PHT?H?

NIFO?H?

7 RSF?H?

CMII=N;H?

G?NBSF<ONSF ?NB?L

><ONSF ;F=IBIF

Answer:  G?NBSKONSF ?NB?ICMII=N;H? ><ONSF ;F=IBIF NIFO?H?
IL 7 RSF?H? <?HT?H?

?M=LCJINCIH 1@ *;NN?L
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Summary

Matter CM ;HSNBCHA NB;N 1==0JC?M MJ;#?a$6>IBMNBL?? MN;N?M 1@

G;NN?L ;L80lid liquid ;H>gas physical change CHPIFP?M NB? =IHP?LMCIH 1@

; MO<MN;H=? @LIG IH? MN;N? 1@ G;NN?L NI ;HINB?L QCNBION =B;HACHA CNN
=IGJIMCNCIH *IMN G;NN?L =IHM@iNKesad@ JOL? MO<MN;H=?M QBC=B =;H
<?homogeneous OHC@ILG CH =IGJIMCNGktetbgeneous >C@@7?L?HN

L?ACIHM JIMM?MM >C@ @7?L?HN =IGJIMCNCIHM ;H> JLIJ?LNC?M -OL? MO<MI
?CNB?L =B?GC=;F =IGJIOH>M IL ?F2GaHpMnds=;H <? <LIE?H >IQH CHNI
?F?G?HNM <S =B?GC=;F L?;=NGieRen@N:;HHIN <? M?J;L;N?> CHNI MCGJF?L
MO<MN;H=?M <S =B?GC=;F G?;HM 1B? JLIJ?LNC?M I@ MO<MN;H=?M =;H <? =]
?CNB?L JBSMC=;F IL =B?GC=;F 0=C?HNCMNMysiedpoherties QCNBION
=B;HACHA NB? =IGJIMCNCIH I@ NB? MO<MN;hen@@PipPoderties

>?M=LC<? NB? N?H>?H=S |@ ; MO<MN;H=Zh¢Didai2trdnges =B?GC=;F
L?;=NCIHM NB;N =B;HA? CNM =B?GC=;F =IGJIMCNCIH -BSMC=;F JLIJ?LNC?M :
CHN?HMCP? IL ?RNPhibtGR2 properties ;L? NB? M;G? @IL ;FF M;GJF?M >|

HIN >?J?H> IH M;GJF? MCT? ;H> CH=FO>? @IL ?R;GJF? =IFIL JBSMC=;F MN;N
G?FNCHA ;H> <ICFCHA HgaehdWe properties >?J?H> IH NB? ;GIOHN 1@
G;N?LC;F ;H> CH=FO>? G;MM ;H> PIFOG? 1B? L;NCI |@ NQI ?RN?HMCP? JLI1J?I
G;MM ;H> PIFOG? CM ;H CGJILN;HN CHN?HMCP? JLJehity =;FF?>

KEY TAKEAWAY

X *NN?L =;H <? =F;MMC@C?> ;==IL>CHA NI JBSMC=;F ;H>=B?GC=;F JLIJ?LN
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CONCEPTUAL PROBLEMS

"6/+=/ ,/ =?</ C9? +</ 0+7363+< A3>2 >2/ >9:3-= .3=-?==/. 38 ==/86/>BB5366=
==/8>3+6 %5366/)9</ :<9-//.381 >9 >2/ 98-/:>?+6 "<9,6/7=

4B;N CM NB? >C@@7?L?H=? <?NQ??H G;MM ;H> Q?CABN &M NB? G;MM |@ ;
";LNB NB? M;G? ;M NB? G;MM I@ NB? M;G? I<D?=N IH 'OJCN?L 4BSILQBSH

&M CN ;==OL:N? NI M;S NB:N ; MO<MN;H=? QCNB ; G:MM |@ EA Q?CABM |
QBS HIN

4B;N @;=NIL GOMN <? =I[HMC>?L?> QB?H L?JILNCHA NB? Q?CABN I@ ;H I<D
[JJIM?> NI CNM G;MM

IHMNLO=N ; N;<F? QCNB NB? B?;>CHAM "0IFC> a )CKOC> a ;H> "$;M a #IL ;I
MO<MN;H=? MN;N? QB;N SIO ?RJ?=N @IL ?;=B |@ NB? @IFFIQCHA

NB? L?F;NCP? >?HMCNC?M I@ NB? NBL?? JB;M?M

NB? JBSMC=;F MB;J?M |@ NB? NBL?? JB;M?M

NB? PIFOG?M @IL NB? M;G? G;MM 1@ =IGJIOH>

NB? M?HMCNCPCNS I@ NB? PIFOG? |@ ?;=B JB;M? NI =B;HA?M CH N?G.
NB? M?HMCNCPCNS I@ NB? PIFOG? NI =B;HA?M CH JL?MMOL?

NNV |1 A

F;MMC@S ?;=B MO<MN;H=? ;M BIGIA?H?IOM IL B?N?LIA?H?IOM ;H> ?RJF;C}
L?;MIHCHA

JF;NCHOG

s = L<IH;N?> <?P?L;A?
<LIHT?

Qll>

? H:NOL:F A:M

@ ONSLI@I;G

DNV oA

F;MMC@S ?;=B MO<MN;H=? ;M BIGIA?H?IOM IL B?N?LIA?H?IOM ;H> ?RJF;Ct
L?;MIHCHA

MHIQ@F;E?M

A;MIFCH?

<F:;=E N?;

JF;MNC=QL;J

? <FlI>

@ Q;N?L =IHN;CHCHA C=? =0<?M

DV oA

F;MMC@S ?;=B MO<MN;H=? ;M ; JOL? MO<MN;H=? IL ; GCRNOL? ;H> ?RJF;C
L?;MIHCHA

i M?;Q;N?L

?M=LCJINCIH 1@ *;NN?L
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l@@??

E:L;:N AIF>
>C;GIH>
>CMNCFF?> Q;N?L

DV 11 A

F;MMC@S ?;=B MO<MN;H=? ;M ; JOL? MO<MN;H=? IL ; GCRNOL?

=;L><I;L>

=, @@?CH?

NCH

; PCN;GCH N;<F?N
B?FCOG A;M

DV |1 A

F;MMC@S ?;=B MO<MN;H=? ;M ;H ?F?G?HN IL ; =IGJIOH>

MOA;L

MCFP?L

LOMN

LO<<CHA ;F=IBIF
=13J?L

DV |1 A

F;MMC@S ?;=B MO<MN;H=? ;M ;H ?F?G?HN IL ; =IGJIOH>

Q;N?L

CLIH
BS>LIA?H A:M
AF;MM

HSFIH

DV |11 A

4B;N N?=BHCKO?M =I0OF> <? OM?> NI M?J;L;N? ?;=B 1@ NB? @IFFIQCHA

7 MOAL ;H> Q;N?L @LIG ;H ;KO?IOM MIFONCIH I@ MOA;L
< ; GCRNOL? I@ MOA;L ;H> M;H>
= ; B?N?LIA?H?IOM GCRNOL? |@ MIFC>M QCNB >C@@?L?HN MIFO<CFCN

4B;N N?=BHCKO?M =I0OF> <? OM?> NI M?J;L;N? ?;=B 1@ NB? @IFFIQCHA

; MIFC> =;F=COG =BFILC>? @LIG ; MIFONCIH |@ =;F=COG =BFILC>? CH Q;
< NB? =IGJIH?HNM I@ ; MIFONCIH I@ PCH?A;L CH Q;N?L
= J;LNC=OF;N?M @LIG Q;N?L CH ; @CMB N;HE

*N=B ?;=B M?J;L;NCIH N?=BHCKO? CH ; QCNB NB? JBSMC=;F =B?GC=;F JLI
NB;N ?;=B N;E?M ;>P;HN;A? I@ CH <

; =LSMN;FFCT;NCIH >CMNCFF;NCIH @CFNL;NCIH
< PIF;NCFCNS JBSMC=;F MN;N? MIFO<CFCNS



B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

1B? @IFFIQCHA @CAOL?M CFFOMNL;N? NB? ;LL;HA?G?HN I@ ;NIGM CH MiI(
G;NN?L 4BC=B @CAOL?M ;L? L?F;N?><S ; IBSMC=;F =B;HA? S ;=B?GC=;F

F,MMC@S ?;=B MN;N?G?HN ;M ;H ?RN?HMCP? JLIJ?LNS IL ;H CHN?HMCP? .

;L<IH CHNB? @ILG I@ >C;GIH> CM IH? I@ NB? B;L>?MN EHIQH G;N?LC
M;GJF? 1@ =LSMN;FFCH? MCFC=IH ; AL;SCMB MIFC> B;M ; G;MM |I@

$?LG;HCOG B;M ; >?HMCNS 1@ A=G

$L;S NCH =IHP?LNM NI QBCN? NCH ;N W

)?;> CM ; <FOCMB QBCN? G?N;F

DV |11 A

F;MMC@S ?;=B MN;N?G?HN ;M ; IBSMC=;F JLIJ?LNS IL ; =B?GC=;F JLIJ?LNS

;  #FOILCH? ?N=B?M AF;MM

BFILCH? CHN?L;=NM QCNB GICMNOL? CH NB? FOHAM NI JLI>O=7?; L?M
CLLCN;HN

LIGCH? CM ; L?>>CMB <LIQH FCKOC>

&I>CH? B;M ; >?HMCNS 1@ A);N W

N

\%

?M=LCJINCIH 1@ *;NN?L
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NUMERICAL PROBLEMS

"6/+=/ ,/ =?</ C9? +</ 0+7363+< A3>2 >2/ >9:3-= .3=-?==/. 38 ==/86/>BB5366=
==/8>3+6 %5366/)9</ :<9-//.381 >9 >2/ ?7/<3-+6 "<9,6/7=

&@ ; J?LMIH Q?CABM  F<IH ";LNB QB;N CM BCM IL B?L G;MM IH *;LM QB~L
@IL=? 1@ AL;PCNS CM 1@ NB;N IH";LNB

&@ ; J?LMIH Q?CABM  F<IH";LNB QB;N CM BCM IL B?L G;MM IH 'OJCN?L (
NB? @IL=? 1@ AL;PCNS CM 1@ NB;N IH";LNB

;F=OF;N? NB? PIFOG? |@ A Il@ ?;=B ?F?G?HN ;H> NB?H ;LL;HA? NB? ?F(
CH IL>?L |@ >?=L?;MCHA PIFOG? 1B? HOG<?LM CH J;L?HNB?M?M ;L? >?HM

=133?L  A=G
=F=COG A=G
NCN;HCOG A=G
CLC>COG A=G

vV i N

$CP?H  AI@ ?;=B ?F?G?HN =;F=OF;N? NB? PIFOG? I@ ?;=B ;H> NB?H ;LL;l
NB? ?F?G?HNM CH IL>?L |@ CH=L?;MCHA PIFOG? 1B? HOG<?LM CH J;L?HN
>?HMCNC?M

Al A =G
< F?> A=G
= CLIH A=G
> MOF@OL A=G

MCFP?L <;L B;M >CG?HMCIHM |@e =G e =G ;H>NB?>?HMCNS |@
MCFP?LCM  A=@B;N CM NB? G;MM I@ NB? <;L

-F;NCHOG B;M ; >?HMCNS |@  A4B3N CM NB? G;MM I@ ; JF;NCHOG <;L
G?,MOLCHA =6 =G e =G

IGJF?N? NB? @IFFIQCHA N;<F?
3)

3) Element

Density (g/cm Mass (g)| Volume (cm

L

-<

7L
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$IF>B;M;>?HMCNS 1@ A =&@ ; J?LMIH QBI Q?CABM EA EA

A Q?L? ACP?HBCM IL B?L Q?CABN CH AIF> QB;N PIFQ&FXNBTAIF>
[==0JS L? Q? DOMNC@C?>CH OMCHA NB? 0& OHCN 1@ G;MM @IL NB? J?|
NBCM =;M?

H CLL?AOF;LFS MB;J?> JC?=? 1@ G;AH?MCOG QCNB ; GGMM 1@ A Q;M>L
CHNI ; AL;>O;N?> =SFCH>?L J;LNC;FFS @CFF?> QCNB Q;N?L 1B? G;AH?MCt
G) l@ Q;N?L 4B;N CM NB? >?HMCNS I@ G;AH?MCOG

1B? >?HMCNS |@ =1JJ?L CM  AR®; A M;GIJF? CM JF;=?>CH ; AL;>O;N?>
=SFCH>?L NB;N =IHN;CHM G) 1@ Q;N?L QB;N CM NB? NIN;F PIFOG? NB;N
==0JC?>

N W NB?>?HMCNS I@ @L?MB Q;N?L CM ;HENE? >?HMCNS 1@ M?;Q;N~L
CM EAG 4CFF; MBCJ @FI;N BCAB?L CH @L?MB Q;N?L IL CH M?;Q;N?L
SIOL L?;MIHCHA

ANSWERS

2HFCE? Q?CABN G;MM >I?M HIN >?J?H> |H FI=;NCIH 1B? G;MM I@ NB? J?LN
NB?L?@IL? NB? M;G? IH ";,LNB ;H>*LM F<c F<EA EA

. 0O =G
< =G

= 1C =G
> &L =G

3IFOG? >?=L?;M?M ; 1C O &L
A

A=G
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1.4 A Brief History of Chemistry

1B? @OH>;G?HN;F CH>CPC3
J;.LNC=F?M |@ QBC=B G;NN?
=1GJIM?>

1B? JLI=?MM 1@ =IHP?LNCHA
?F?G?HN NI ;HINB?L

LEARNING OBJECTIVE

11 OH>?LMN;H> NB? >?P?FIJG?HN I@ NB? ;NIGC= GI>?F

&N Q;M HIN OHNCF NB? ?L; 1@ NB? ;H=C?HN $L?7EM NB;N Q? B;P? ;HS L?=IL> |1@
NLC?> NI ?RJF;CH NB? =B?GC=;F =B;HA?M NB?S I<KM?LP?> ;H> OM?> N NB;N NC
[<D?=NM Q7?L? NBIOABN NI =IHMCMN 1@ IHFS @IOL <;MC=?F?G?HNM ?;LNB ;C
Q;N?L 1B?H CHNB? @IOLNB =?HNOLS NQI $L??E JBCFIMIJB?LM !?GI=LCNOI
)?0=CJJOM MOAA?MN?> NB;N G;NN?L Q;M HIN CH@CHCN?FS >CPCMC<F? CHNM
<ON CHMN?;> =IHMCMN?> 1@ @OH>;G?HN;F CH>CPCM@tdftsJ;LNC=F?M =;FF?>
2H@ILNOH;N?FS NB?M? ?;LFS JBCFIMIJB?LM >C> HIN B;P? NB? N?=BHIFIAS NI |
BSJINB?MCM 1B?S QIOF> B;P? <??H OHFCE?FS NI > MI CH ;HS =;M? <?=,0M? N
$L??EM >C> HIN =IH>0=N ?RJ?LCG?HNM IL OM? NB? M=C?HNC@C= G?NBI> 1B
NB;N NB? H;NOL? |@ NB? OHCP?LM? =I0F> <? >CM=IP?L?> <S L;NCIH;F NBIOABI

,P?L NB? H?RN NQI GCFF?BR2G3=>0BI ?HA;A?> CH ; @ILG |@ =B?GCMNLS ;H>
MJ?=0OF;NCP? JBCFIMIJBS >OLCHA NB? *C>>F? A?M ;H>/?H;CMM;H=? ;=BC?P?:
;>P;H=?M CH =B?GCMNLS 1B?CL G;DIL Al;F Q;M NI =IHP?LN =?LN;CH ?F?G?HNM
INB?LM <S ; JLI=?MM NB?S trfiStrutation  #CAOL? H F=B?GCMN ;N

4ILE = &H J;LNC=0OF;L ;F=B?GCMNM Q;HN?> NI @CH> ; Q;S NI NL;HM@ILG =B?;.
CHNI AIF> FNBIOAB GIMN ;F=B?GCMNM >C> HIN ;JJLI;=B =B?GCMNLS MSMN?G
G;HS ;JJ?;L NI B;P? <??H IONLCABN @L;0>M ;F=B?GCMNM CH BCH; NB? L;< E(
;H> G?>C?P;F "OLIJ? G;>? G;DIL =IHNLC<ONCIHM CH=FO>CHA NB? >CM=IP?LS |
?F?G?HNM MO=B ;M KOC=EMCFP?L G?L=0LS ;H>NB? JL?J;L;NCIH I@ M?P?L;F

>O;F

L

CM

H?
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Modern Chemistry

317</ 8 6-2/73=>+>
1B? NB ;H> NB =?HNOLC?M M;Q NB? <?ACHHCHAM{@ QB;N

Q? HIQ L?=IAHCT? ;M GI>?LH =B?GCMNLS '/OLCHA NBCM

J?LCI> AL?;N ;>P;H=?M Q?L? G;>n&t667<18B?

?RNL;=NCIH 1@ G?N;FM @LIG IL?M ;H>NB? @CLMN MSMN?G;NC=
KO;HNCN;NCP? ?RJ?LCG?HNM Q?L? =,LLC?>ION &H NB?

"HAFCMBG;H /I<?LN ISF? ~ JO<FCMB2#

%-/:>3-+6 2C73@BC=B >?M=LC<?> NB? L?F;NCIHMBCJ

<?NQ??H NB? JL?MMOL? ;H> NB? PIFOG? |@ ;CL *IL?

CGJILN;HN ISF? >?@CH?> ;H ?F?G?HN ;M ; MO<MN;H=? NB;N

=;HHIN <? <LIE?H >IQH CHNI NQI IL GIL? MCGJF?L

MO<MN;H=?M <S =B?GC=;F G?;HM 1BCM F?> NI NB?

C>?HNC@C=,NCIH 1@ ; F;LA? HOG<?L |@ ?F?G?HNB2/GE;HS= @9<7 90 -2/73=><C
QBC=B Q?L? G?N;FM &LIHC=;FFS ISF? BCGM?F@>Rt?f8p?<3=2/..7<381>2/ 3..6/

: ?N: ?2L? ?2F?G? 1/=+8. $/8+3==+8-/ 6>29712
NBIOABN NB;N G?N;FM Q?L? ?F?G?HNM 071 46973 AJ<] et o

9>2/<= 7+./ 7+49< -98><3,?7>398=

-2 =- =
&HNB? NB=?HNOLS NB? "HAFCMB =F?LASG;H 'INf3IR> >2-$~2@/<C 30 ~/@/r6
LC?MNF?S A >CM=IP?L?> IRSA?H AM H> @I1QHg1 +.3.-
NB;N G;HS =;L<IH =IHN;CHCHA G;N?LC;FM <OLH PCAILIOMFS
CH ;H IRSA?H ;NGIMJB?L? ; JLI=?2MM =FF?>
combustion -LC?MNF?S ;FMI >CM=IP?L?> NB;N NB? A;M
JLI>0=?> <S @?LG?HNCHA <??L QBC=B Q? HIQ EHIQ NI <?
=;L<IH >CIRC>? CM NB? M;G? ;M IH? |@ NB? A;M?2I0M JLI>O=NM I@ =IG<OMNCI}
"LC?MNF?SbM MNO>C?M I@ NBCM A;M >C> HIN =IHNCHO? :M B? QIOF> B;P? FC
@N?L B? @?FF CHNI ; P;N 1@ @?LG?HNCHA <?7L <L?Q?LM JLIBC<CN?> BCG @
NB?CL @;=NILC?M FNBIOAB -LC?MNF?S >C> HIN OH>?LMN;H> CNM C>?HNCNS
=;L<IH >CIRC>? >CMMIFP?> CH Q;N?L NI JLI>0=? M?FNT?L Q;N?L &H 2MM?H=?
=IHMC>?L?> NB? @IOH>?L 1@ NB? GOFNC<CFFCIH >IFF;L =;L<IH;N?> MI@N >LC

1B? <OLHCHA |@ ; G;N?LC;F CH ;H
IRSA?H ;NGIMJIB?L?

LC?@ %CMNILS |@ B?GCMNLS
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Joseph Priestley (1733D1804)

-LC?MNF?S Q;M ; JIFCNC=;F NB?ILCMN ;H>; F?;>CHA 2HCN;LC;H GCHCMN?L ¢
;JJICHN?> NI 4;LLCHANIH =;>?GS CH );H=;MBCL? "HAF;H> QB?L? B? >?P?FIJ?
H?Q =IOLM?M IH BCMNILS M=C?H=? ;H>NB? ;LNM !OLCHA PCMCNM NI )IH>I+
G?N NB? F?;>CHA G?H |@ M=C?H=? CH=FO>CHA ?HD;GCH #L;HEFCH QBI ?H
-LC?MNF?SbM CHN?L?MN CH ?F?=NLC=CNS -LC?MNF?SbM QILE IH A;M?M <?,
FCPCHA H?RN NI ; <L?Q?LS CH )??>M QB?L? B? HINC=?>"@CR?> ;CLa <O<<F
P;NM 1@ @?LG?HNCHA <??L ;H> ;F? %CM M=C?HNC@C=>CM=IP?LC?M CH=F
L?F;NCIHMBCJ <?NQ??H ?F?=NLC=CNS ;H>=B?GC=;F =B;HA? H?Q ;CLM a;}
I<M?LP;NCIHM NB;N F?> NI NB? >CM=IP?LS 1@ JBINIMSHNB?MCM !0O? NI BCM

NB? JLCH=CJF?M |@ NB? #L?H=B /?PIFONCIH -LC?MNF?SbM BIOM? FC<L;LS

F;<IL;NILS Q?L? >?MNLIS?> <S ; GI< CH %? ;H>BCM QC@? ?GCAL;N?> NI NE
2HCN?>0N;N?M CH NI DICH NB?CL NBL?? MIHM QBI B;> JL?PCIOMFS ?GCA
-?HHMSFP;HC; -LC?MNF?S H?P?L L?NOLH?> NI "HAF;H> ;H>>C?> CH BCM H
-?HHMSFP;HC;

I?7MJICN? NB? JCIH??LCHA MNO>C?M |@ -LC?MNF?S ;H> INB?LM ; =F?;L OH>?LNM
=IG<OMNCIH L?G;CH?> ?FOMCP? &H NB? F;N? NB =?HNOLS BIQ?P?L NB? #L?
M=C?HNCMN HNICH? );PICMC?L ~ MBIQ?> NB;N =IG<KOMNCIH CM NB? L?;=N
=;L<IH =IHN;CHCHA MO<MN;H=? QCNB IRSA?H NI @ILG =;L<IH >CIRC>? ;H> Q;N~
NB;N FC@? >?J?H>M IH ; MCGCF;L L?;=NCIH QBC=BNIZ3&Q33FHEMC?L ;FMI
QLIN? NB? @CLMN GI>?LH =B?GCMNLS N?RN ;H> CM QC>?FS L?A;L>?> ;M NB? (
GI>?LH =B?GCMNLS %CM GIMN CGJILN;HN =IHNLC<@Ww@itqnseNaton

of mass QBC=B MN;N?M NB;N CH ;HS =B?GC=;F L?;=NCIH NB? G;MM |I@ NB? M(
NB;N L?;=N ?KO;FM NB? G;MM |I@ NB? JLI>O=NM NB;N ;L? @ILG?> 1B;NCM CH;
L?;=NCIH G;MM CM H?CNB?L FIMN HIL >?MNLIS?> 2H@ILNOH;N?FS );PICMC?L
JLCP;N? =ILJIL;NCIH NB;N =IFF?=N?> N;R?M @IL NB? LIQH ;H> LIS;F N;R =IFF?=I
Q?L? HIN JIJOF;L >OLCHA NB? #L?H=B /?PIFONCIH %? Q;M ?R?=0N?>IH NB? AC
N;A? JL?G;NOL?FS N?LGCH;NCHA BCM =IHNLC<ONCIHM NI =B?GCMNLS

The Atomic Theory of Matter

&H NB? "HAFCMB M=BIIFN?;=B?L'IBH!;FNIH ~ ?RJ;H>?>-LIOMNbM
>?P?FIJG?HN |@ NBPof definite proportions 0?=NCIH  1B? 0=C?HNC@C-=
*?NBI>_ ;H>);PICMC?LbM @CH>CHAM IH NB? =IHM?LP;NCIH |@ G;MM CH =B?G(
NI JLIJIM? NB;N ?F?G?HNM =I[HMCMN |@ CH>CPCMC<F? J;LNE=I2NEEMNSB? =;F

&H ;HS =B?GC=;F L?;=NCIH NB?

G;MM I@ NB? MO<MN;H=?M

AB? N?LG @LIG !?GI=LCNOM ;H>)?0=CJIJOM+(FREHERO<C 90 7+=iHN;CHM

L?:=N ?KO;FM NB? G:MM 1@ B@IOL @OH>;G?HN;F BSJINB?M?M

JLI>O=NM NB;N ;L? @ILG?>

LC?@ %CMNILS |@ B?GCMNLS
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FF G;NN?L CM =IGJIM?> |@ NCHS CH>CPCMC<F? J;LNC=F?M =;FF?>
FF ;NIGM |@ ;H ?F?G?HN ;L? C>?HNC=;F CH G;MM ;H> =B?GC=;F JLIJ
QB?L?;M ;NIGM 1@ >C@@7?L?HN ?F?G?HNM >C@@7?L CH G;MM ;H>
=B?GC=;F JLIJ?LNC?M

=B?GC=;F =IGJIOH> CM ; MO<MN;H=? NB;N ;FQ;SM =IHN;CHM NB? M
:NIGM CH NB? M;G? L;NCI
&H =B?GC=;F L?;=NCIHM ;NIGM @LIG IH? IL GIL? =IGJIOH>M IL ?F?G"
L?>CMNLC<ON? IL L?;LL;HA? CH L?F;NCIH NI INB?L ;NIGM NI @ILG IH’
GIL? H?Q =IGJIOH>M>97=>2/7=/6 @/= .9 89> ?8./<19 + -2+81/ 90
3./8>3>C 38 -2/73-+6 </+->398=

1BCM F;MN BSJINB?MCM MOAA?MN?> NB;N NB? ;F=B?GCMNMb Al;F I@ NL;HMG
?F?G?HNM NI AlIF> Q;M CGJIMMC<F? ;N F?;MN NBLIOAB =B?GC=;F L?;=NCIHM 4
NB;N I;FNIHbM ;NIGC= NB?ILS CM ?MM?HNC;FFS =ILL?=N QCNB @IOL GCHIL GI:

+IN ;FF ;NIGM 1@ ;H ?F?G?HN GOMN B;P? JL?=CM?FS NB? M;G? G;MN
NIGM 1@ IH? ?F?G?HN =;H <? NL;HM@ILG?> CHNI ;HINB?L NBLIOAB
HO=F?;L L?;=NCIHM

1B? =IGJIMCNCIHM I@ G;HS MIFC> =IGJIOH>M ;L? MIG?QB;N P;LC;<F’
2H>?L =?LN;CH =CL=0GMN;H=?M MIG? ;NIGM =;H <? >CPC>?> MJFC
MG;FF?L J,LNC=F?M

1B?M? GI>C@C=;NCIHM CFFOMNL;N? NB? ?@@?=NCP?H?MM I@ NB? M=C?HNC
?RJ?LCG?HNM ;H> I<KM?LP;NCIHM Q?L? OM?> NI L?@CH? I;FNIHbM ILCACH;F NB

The Law of Multiple Proportions

I?MJCN? NB? =F;LCNS I@ BCM NBCHECHA !;FNIH =IOF> HIN OM? BCM NB?ILS N
?F?G?HN;F =IGJIMCNCIHM |@ =B?GC=;F =IGJIOH>M <?=;0M? B? B;> HI L?FC;<F?
;NIGC= G;MM?M NB;N CM B?>C> HIN EHIQ NB? L?F;NCP? G;MM?M |I@ ?F?G?HN
=;L<IH ;H> IRSA?H #IL ?R;GJF? B? EH?Q NB;N NB? A;M Q? HIQ =;FF =;L<IH
GIHIRC>? =IHN;CH?> =;L<IH ;H> IRSA?H CH NB? L;NCI <S G;MM ;H>; M?=IH>
=IGJIOH> NB? A;M Q? =;FF =;L<IH >CIRC>? =IHN;CH?> =;L<IH ;H> IRSA?H CH NB
L;NCI <S G;MM ?=,0M? NB? M?=IH> =IGJIOH> =IHN;CH?> NQC="
;M G;HS IRSA?H ;NIGM J?L =;L<IH ;NIG ;M >C> NB? @CLMN ON QB;N Q;M NB? =l
@ILGOF; @IL ?;=B =IGJIOH> &@ NB? @CLMN =IGJIOH> =I[HMCMN?> |@ J;LNC=F
=IHN;CH IH? =;L<IH ;NIG ;H> IH? IRSA?H ;NIG NB? M?=IH> GOMN =IHMCMN 1@ J;1
NB;N =IHN;CH IH? =;L<IH ;NIG ;H> NQI IRSA?H ;NIGM &@ NB? @CLMN =IGJIOH> I
=;L<IH ;NIGM ;H> IH? IRSA?H ;NIG NB? M?=IH> GOMN B;P? NQI =;L<IH ;NIGM ;H>
NQI IRSA?H ;NIGM &@ NB? @CLMN B;> IH? =;L<IH ;NIG ;H> NQI IRSA?H ;NIGM NI
M?=IH> QIOF> B;P? IH? =;L<IH ;NIG ;H> @IOL IRSA?H ;NIGM ;H> MI @ILNB !;FNIH
B;> HI Q;S NI >CMNCHAOCMB ;GIHA NB?M? IL GIL? =IGIJFC=;N?> ;FN?LH;NCP?M

LC?@ %CMNILS |@ B?GCMNLS



B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

4B?H NQI ?F?G?HNM @ILG ;
M?LC?M |@ =IGJIOH>M NB?
I@ NB? G;MM?M 1@ NB? M?=

NB?M? >;N; F?> NI ; A?H?L;F MN;N?G?HN NB;N CM HIQ Eth@HmMItBL

proportions  QB?H NQI ?F?G?HNM @ILG ; M?LC?M I@ =IGJIOH>M NB? L;NCIM I(
G;MM?M I@ NB? M?=IH> ?F?G?HN NB;N ;L? JL?M?HN J?L AL;G |@ NB? @CLMN 7I
;FGIMN ;FQ;SM <? ?RIL?MM?> ;M NB? L;NCIM |@ CHN?A?LM 1B? M;G? F;Q BIF>I
L;NCIM 1@ =IGJIOH>M @ILGCHA ; M?LC?M NB;N =IHN;CHM GIL? NB;H NQI ?F?G?|
"R;GJF? MBIQM BIQ NB? F;Q 1@ GOFNCJF? JLIJILNCIHM =;H <? ;JJFC?> NI >?N?|
NB? C>?HNCNS 1@ ; =IGJIOH>

L:NCIM
H>

?F?G?HN NB;N ;L? JL?M?HN J?L
AL;G I@ NB? @CLMN ?F?G?HN =;H
;FGIMN ;FQ;SM <? ?RIL?MM?> ;M
NB? L;NCIM |@ CHN?A?LM 1B?

M;G? F;,Q BIF>M @IL NB? G;MM

L:NCIM 1@ =IGJIOH>M @ILGCGHA ;
M?LC?M NB;N =IHN;CHM GIL? NB;H

NQI ?F?G?HNM

LC?@ %CMNILS |@ B?GCMNLS
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EXAMPLE 4

=B?GCMN CM MNO>SCHA ; M?LC?M I@ MCGJF? =IGJIOH>M |@ =;L<IH ;H> BS
1B? @IFFIQCHA N;<F? FCMNM NB? G;MM?M |I@ BS>LIA?H NB;N =IG<CH? QCN
=;L<IH NI @ILG ?;=B =IGJIOH>

Compound | Mass of Hydrogen (Q)

I?N?LGCH? QB?NB?L NB?M? >;N; @IFFIQ NB? F;Q |@ GOFNCJF? JLIJILNCI
< ;F=0F;N? NB? G;MM |@ BS>LIA?H NB;N QIOF> =IG<KCH? QCNB A |l@ =;L<lII
NI @ILG NB? @IOLNB =IGJIOH> CH NB? M?LC?M
Given: G;MM 1@ BS>LIA?H J?L AL;G I@ =;L<IH @IL NBL?? =IGJIOH>M
Asked for:

; LiNCIM 1@ G;MM?M |@ BS>LIA?H NI =;L<IH
< G;MMI@ BS>LIA?H J?L AL;G 1@ =;L<IH @IL @IOLNB =IGJIOH> CH M?LC?M

Strategy:

A 0?F?=N NB? FIQ?MN G;MM NI OM? ;M NB? >?HIGCH;NIL ;H> NB?H =;F=0F;N?
L;NCI 1@ ?;=B |@ NB? INB?L G;MM?M NI NB;N G;MM &H=FO>? INB?L L;NCIM C¢
;JILIJLC;N?

B &@ NB? L;NCIM ;L? MG;FF QBIF? CHN?A?LM NB? >;N; @IFFIQ NB? F;,Q 1@ G
JLIJILNCIHM

C!?=C>? QB?NB?L NB? L;NCIM @ILG ; HOG?LC=;F M?LC?M &@ MI NB?H >?N’
NB? H?RN G?G<?L |@ NB;N M?LC?M ;H> JL?>C=N NB? L;NCI =ILL?MJIH>CHA N
H?RN =IGJIOH> CH NB? M?LC?M

D 2M? JLIJILNCIHM NI =;F=0F;N? NB? G;MM 1@ BS>LIA?H J?L AL;G 1@ =;L<IH C
NB;N =IGJIOH>

LC?@ %CMNILS |@ B?GCMNLS
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Solution:

A IGJIOH> B;M NB? FIQ?MN G;MM |I@ BS>LIA?H MI Q? OM? CN ;M NB?
>?HIGCH;NIL 1B? L;NCIM I@ NB? L?G;CHCHA G;MM?M |@S>NBNH
=IG<CH? QCNB A @ =;L<IH ;L? ;M @IFFIQM

I IT'T T X

R—

WO >w >0

H
B 1B? L;NCIM I@ NB? G;MM?M I@ BS>LIA?H NB;N =IG<CH? QCNB A 1@ =;L<IH

CH>?7?> =IGJIM?> 1@ MG;FF QBIF? CHN?A?LM ;M JL?>C=N?><S NB?
F;Q 1@ GOFNCJF? JLIJILNCIHM

C1B? L;NCIM ;H> @ILG NB? M?LC?M MI NB? H?RN G?G<?L |@ NB?
M?LC?M MBIOF> <?

D1BOM C@ =IGJIOFPRCMNM CN QIOF> <? @ILG?> <S =I6<CHCHA
Al1@ BS>LIA?HQCNB A 1@ =;L<IH 00=B ; =IGJIOH> >I?M ?RCMN CN CM
7/>2+8/ NB? G;DIL =IHMNCNO?HN I@ H;NOL;F A;M

"R?L=CM?
#IOL =IGJIOH>M =IHN;CHCHA IHFS MOF@OL ;H> @FOILCH? ;L? EHIQH 1B?

@IFFIQCHA N;<F? FCMNM NB? G;MM?M |@ @FOILCH? NB;N =IG<CH? QCNB
@ILG ?;=B =IGJIOH>

LC?@ %CMNILS |@ B?GCMNLS
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;  1?N?LGCH? NB? L;NCIM I@ NB? G;MM?M |@ @FOILCH? NB;N =IG<CH? QCI
MOF@OL CH NB?M? =IGJIOH>M L? NB?M? >;N; =IHMCMN?HN QCNB NB?
GOFNCJF? JLIJILNCIHM

< ;F=0F;N? NB? G;MM |I@ @FOILCH? NB;N QIOF> =IG<CH? QCNB A |@ MO
@ILG NB? H?RN NQI =IGJIOH>M CH NB?;M?LC?M

Answer:

; IL \ L IL S?M
< IINCIMI@ ;H> ACP? A ;H> AI@ @QFOILCH? AL;G @ MOF@OL
L?MJ?=NCP?FS +?CNB?L |@ NB?M? =IGJIOH>M CM S?N EHIQH

AvogadroOs Hypothesis

&H ; @OLNB?L ;NN?GJN NI ?MN;<FCMB NB? @ILGOF;M I@ =B?GC=;F =IGJIOH>M
=B?GCMN 'M?JB $;S)OMM;= " =,LLC?>ION ; M?LC?M |@ ?RJI?LCG?HNM ON
PIFOG? G?;MOL?G?HNM 2H>?L =|[H>CNCIHM 1@ =IHMN;HN N?GJ?L;NOL? ;H> JL
=, L?@OFFS G?;MOL?> NB? PIFOG?M I@ A;M?M NB;N L?;=N?> NI G;E? ; ACP?H =E
=IGJIOH> NIA?NB?L QCNB NB? PIFOG?M |I@ NB? JLI>O=NM C@ NB?S Q?L? A;M*~
JOMM;= @IOH> @IL ?R;GJF? NB;N IH? PIFOG? I@ =BFILCH? A;M ;FQ;SM L?;=N?>
PIFOG? I@ BS>LIA?H A;M NI JLI>O=? NQI PIFOG?M |@ BS>LIA?H =BFILC>? A;M
OCGCF;LFS IH? PIFOG? I@ IRSA?H A;M ;FQ;SM L?;=N?> QCNB NQI PIFOG?M |@ |
A;M NIJLI>0=? NQI PIFOG?M |@ Q;N?L P;JIL J;LHCAOH?  $:S )OMM;=bM
"RI?LCG?HNM QCNB BFILCH? $;M ;H> %S>LIA?H $;:M

317</ +C ?==+-G= B:/<37/8>= A3>2 269<38/ +=+8. C.<91/8 +=

+ 18/ @967?7/ 90 -269<38/ 1+= </+->/. A3>2 98/ @96?7/ 90 2C.<91/8 1+=>9 :<9.?-/ >A9 @96?7/= 90 2C.<91
-269<3./ 1+= +8. 98/ @96?7/ 90 9BC1/8 1+= </+->/. A3>2 >A9 @96?7/= 90 2C.<91/8 1+=>9 :<9.?-/ >A9 @9
A+>/< @+:9< , =?77+<C 90 @91+.<9G=2C:9>2/=3= A23-2 38>/<:</[>/. +C ?==+-G= </=?6>= 38 >/<7=¢
9>/ >2+> >2/ =37:6/=> A+C 09< >A9 796/-?6/= 90 2C.<91/8 -269<3./ >9 ,/ :<9.?-/. 3= 30 2C.<91/8 +8. -269<3
-98=3=> 90 796/-?6/= >2+> -98>+38 >A9 +>97= 90 >2/ /6/7/8>

LC?@ %CMNILS |@ B?GCMNLS
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$;S )OMM;=bM L?MOFNM >C> HIN <S NB?GM?FP?M L?P?;F NB? @ILGOF;M @IL B
=BFILC>? ;H> Q;N?L 1B? &N;FC;H =B?GCMN G;>?I PIA;>LI N >?P?FIJ?>

NB? E?S CHMCABN NB;N F?> NI NB? ?R;=N @ILGOF;M %? JLIJIM?> NB;N QB?H A
G?;MOL?> ;N NB? M;G? N?GJ?L;NOL? ;H> JU7MB@26?7/= 90 .300/</8> 1+=/=
-98>+38 /;?+6 8?7,/<= 90 1+= :+<>@6/[=+.<9G= 2C:9>2p8=B ?RJF;CH?> $;S
)OMM;=bM L?MOFNM CM MOGG;LCT?> B?L? ;H#CAOLEN <$SHOMM;=bM
"RJI?LCG?HNM QCNB BFILCH? $;M ;H> %S>LIA?H $;M

POWMVNF POWMVNF URWMVNEFET
PQ RS DMF PRSI DRI PQBRSDMGT
| ZBEPH O DMPGF I ZEPH @ M PBSF

&@ ;FNIHbM NB?ILS |@ ;NIGM Q;M =ILL?=N NB?H ?;=B J;LNC=F? |@ BS>LIA?H IL
B;> NI =IHN;Ct#> 6/+=> >A9 +3@VBS>LIA?H IL =BFILCH? <?=;0M? NQI J;LNC=F?M I(
BS>LIA?H =BFILC>? Q?L? JLI>0=?> 1B? MCGJF?MN_<ON HIN NB? IHFS_?RJF;H;
NB;N BS>LIA?H ;H> =BFILCH? =IHN;CH?> NQI ;NIGM ?;=B C ? .J{BEFEIPL>’

NB;N BS>LIA?H =BFILC>? =IHN;CH?> IH? ;NIG ?;=B |@ BS>LIA?H ;H> =BFILCH?
JIFSCHA NBCM L?;MIHCHA NI $;S )OMM;=bM L?MOFNM QCNB BS>LIA?H ;H> IRS
NB? =IH=FOMCIH NB;N Q;N?L =IHN;CHM NQI BS>LIA?H ;NIGM J?L IRSA?H ;NIG
2H@ILNOH;N?FS <?=;,0M? HI >;N; MOJJILN?> PIA;>LIbM BSJINB?MCM NB;N ?KO
PIFOG?M 1@ A;M?M =IHN;CH?> ?KO;F HOG<?LM I@ J;LNC=F?M BCM ?RJF;H;NCI
@ILGOF;M @IL MCGJF? =IGJIOH>M Q?L? HIN A?H?L;FFS ;==?JN?> @IL GIL? NB;}
S?;LM LENIH ;H> G;HS INB?LM =IHNCHO?> NI <?FC?P? NB;N Q;N?L J;LNC=F?M =
IH? BS>LIA?H ;NIG ;H> IH? IRSA?H ;NIG L;NB?L NB;H NQI BS>LIA?H ;NIGM ;H> IH"
IRSA?H ;NIG 1B? BCMNILC=;F >?P?FIJG?HN 1@ NB? =IH=?JN |@ NB? ;NIG CM MC
CHCAOL? 00GG;LS 1@ NB? %CMNILC=;F ?P?FIJG?HN |@ NB? IH=?JN 1@ NI
NIG

LC?@ %CMNILS |@ B?GCMNLS
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317</ %?77+<C 90 >2/ 3=>9<3-+6 /@/69:7/8> 90 >2/ 98-/:>90 >2/ >97

Summary

1B? ;H=C?HN $L??EM @CLMN JLIJIM?> NB;N G;NN?L =IHMCMN?> |@ @OH>;G?
J;LNC=F?M =;BE#tnrs B?GCMNLS NIIE CNM JL?M?HN M=C?HNC@C= @ILG CH N
=?HNOLS QB?H =;L?@OF KO;HNCN;NCP? ?RJ?LCG?HNM <S );PICMC?L -LIOM
:FNIH L?MOFN?> CH NB? F;Q 1@ >?@CHCN? JLiawW NiCibieNB#on of

mass ;H> NB?Paw of multiple proportions QBC=B F;C> NB? ALIOH>QILE @IL
I'ENIHbM ;NIGC= NB?ILS I@ G;NN?L &H J;LNC=0OF;L PIA;>LIbM BSJINB?MCM JI
NB? @CLMN FCHE <?NQ??H NB? G;=LIM=IJC= JLIJ?LNC?M |@ ; MO<MN;H=? C|
NB? PIFOG? @ ; A;M ;H>NB? HOG<?L |@ ;NIGM IL GIF?=0F?M JL?M?HN

LC?@ %CMNILS |@ B?GCMNLS
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KEY TAKEAWAY

X 1B? >?P?FIJG?HN 1@ NB? ;NIGC= GI>?F L?FC?> IH NB? ;JJFC=;NCIH |@ NB
M=C?HNC@C= G?NBI> IP?L M?P?L;F =?HNOLC?M

CONCEPTUAL PROBLEMS

1?7@CH97,?=>398H> >CM=0MM NB? =IHNLC<ONCIHM G;>? <S -LC?MNF?S ;H:
);PICMC?L NIQ;L> OH>?LMN;H>CHA ; =IGKOMNCIH L?;=NCIH

B?GC=;F ?HACH??LM @L?KO?HNFS OM? NB? =IH=?JN |@ "G;MM <;F;H=?a C
=;F=OF;NCIHM CH QBC=B NB? G;MM I@ NB? L?;=N;HNM GOMN ?KO;F NB? G
JLI>O=NM 4B;N F;Q MOJJILNM NBCM JL;=NC=?

?M NB? F;Q 1@ GOFNCJF? JLIJILNCIHM ;JJFS NI <INB G;MM L;NCIM ;H> ;NIG
L;NCIM 4BS IL QBS HIN

4B;N ;L? NB? @IOL BSJINB?M?M |@ NB? ;NIGC= NB?ILS |@ G;NN?L

*O=B |@ NB? ?H?LAS CH #L;H=? CM JLIPC>?> <S HO=F?;L L?;=NCIHM L? MC
L?;=NCIHM =IHMCMN?HN QCNB !;FNIHbM BSJINB?M?M 4BS IL QBS HIN

?M ) 1@ ;CL =IHN;CH NB? M;G? HOG<?L |I@ J;LNC=F?M ;M )@ HCNLIA?H ;
"RJF;CH SIOL ;HMQ?L

LC?@ %CMNILS |@ B?GCMNLS
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NUMERICAL PROBLEMS

"6/+=/ ,/ =?</ C9? +</ 0+7363+< A3>2 >2/ >9:3-= .3=-?==/. 38 ==/86/>BB5366=
==/8>3+6 %5366/)9</ :<9-//.381 >9 >2/ ?7/<3-+6 "<9,6/7=

,H? 1@ NB? GCH?L;FM @IOH> CH MICF B;M ;H FOC , ;NIGC=L;NCI 1@
NBCM =IHMCMN?HN QCNB NB? F;Q 1@ GOFNCJF? JLIJILNCIHM 4BS IL QBS
L;NCI @ ?F?G?HNM =IHMCMN?HN QCNB ;FNIHbM ;NIGC= NB?ILS I@ G;NN?|

+CNLIA?H ;H> IRSA?H L?;=N NI @ILG NBL?? >C@@?L?HN =IGJIOH>M NB;N =
A A ;H> AI@ IRSA?H AL;G I@ HCNLIA?H L?MJ?=NCP?FS &M NBCI
=IHMCMN?HN QCNB NB? F;Q |@ GOFNCJF? JLIJILNCIHM "RJF;CH SIOL ;HMC(

1BL?? <CH;LS =IGJIOH>M 1@ P;H;>COG ;H> IRSA?H ;L? EHIQH 1B? @IFFIQCI
N;<F? ACP?M NB? G;MM?M |@ IRSA?H NB;N =IG<CH? QCNB A 1@ P;H;>CcC
@ILG ?;=B =IGJIOH>

Compound | Mass of Oxygen (g)

I?N?LGCH? NB? L;NCI I@ NB? G;MM?M |@ IRSA?H NB;N =IG<CH? QCNB
P;H;>COG CH =IGJIOH>NH>

< -L?>C=NNB? G;MM I@ IRSA?H NB;N QIOF> =IG<CH? QCNB A 1@ P;H;>
@ILG NB? NBCL> =IGJIOH> CH NB? M?LC?M

1BL?? =IGJIOH>M =IHN;CHCHA NCN;HCOG G;AH?MCOG ;H>IRSA?H ;L? EHI
1B? @IFFIQCHA N;<F? ACP?M NB? G;MM?M I@ NCN;HCOG ;H> G;AH?MCOG
QCNB A 1@ IRSA?H NI @ILG ?;=B =IGJIOH>

Compound | Mass of Titanium (g) | Mass of Magnesium (Q)

I?N?LGCH? NB? L;NCIM |@ NB? G;MM?M I@ NCN;HCOG ;H> G;AH?MCOG
=IGKCH? QCNB A l@ IRSA?H CH NB?M? =IGJIOH>M

< -L?>C=N NB? G;MM?M I@ NCN;HCOG ;H> G;AH?MCOG NB;N QIOF> =IG<(
Al@ IRSA?H NI @ILG ;HINB?L JIMMC<F? =IGJIOH> CH NB? M?LC?M

LC?@ %CMNILS |@ B?GCMNLS
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1.5 The Atom

LEARNING OBJECTIVE

11 <?=I1G? @;GCFC;L QCNB NB? =IGJIH?HNM ;H> MNLO=NOL? I@ NB? ;NIG

1I>;N? ;<ION >C@@7?L?HN ?F?G?HNM B;P? <??H >CM=IP?L?> <S >?@CHCNC
=B?GC=;FFS OHCKO? 11 OH>?LMN;H> QBS NB?S ;L? OHCKO? SIO H??> NI OH>"
MNLO=NOL? I@ NB? ;NIG NB? @OH>;G?HN;F CH>CPC>O;F J;LNC=F? 1@ ;H ?F(
=B;L;=N?LCMNC=M I@ CNM =IGJIH?HNM

NIGM =IHMCMRIé@rons protons ;H>neutrons 1BCM CM ;H
IP?LMCGJFC@C=;NCIH NB;N CAHIL?M NB? INB?L MO<;NIGC= J;LNC=F?M NB;N B
>CM=IP?L?> <ON CN CM MO@@C=C?HN @IL IOL >CM=OMMCMHG@ =B?GC=;F JI
JLIJ?LNC?M |@ NB?M? MO<;NIGC= J;LNC=F?M ;L? MGG ;LCTPI?CNC?M |@
00O<:NIGC= -;LNC=FBC=B CFFOMNL;N?M NBL?? CGJILN;HN JICHNM

"F?=NLIHM ;H> JLINIHM B;P? ?F?=NLC=;F =B;LA?M NB;N ;L? C>?HNC=
G;AHCNO>? <ON 1JJIMCN? CH MCAH 4? OMQ'F-FESEBNGAM |@ d

;H> NI NB? ?F?=NLIH ;H> JLINIH L?MJ?=NCP?FS

+?0ONLIHM B;P? ;JIJLIRCG;N?FS NB? M;G? G;MM ;M JLINIHM <ON HI =B
1B?S ;L? ?F?=NLC=;FFS H?ONL;F

1B? G;MM I@ ; JLINIH IL ; H?ONLIH CM ;<ION  NCG?M AL?;N?L NB;H |
G;MM I@ ;H ?F?=NLIH -LINIHM ;H> H?ONLIHM =IHMNCNON? <S @;L N
NB? G;MM |@ ;NIGM

1B? >CM=IP?LS I@ NB? ?F?=NLIH ;H> NB? JLINIH Q;M =LO=C;F NI NB? >?P?FIJG?
GI>?LH GI>?F 1@ NB? ;NIG ;H> JLIPC>?M ;H ?R=?FF?HN =;M? MNO>S CH NB? ;JJF
I@ NB? M=C?HNC@C= G?NBI> &H @;=N NB? ?FO=C>;NCIH |@ NB? ;NIGbM MNL
AL?;N?MN >?N?=NCP? MNILC?M CH NB? BCMNILS |@ M=C?H=?

MO<;NIGC= J;LNC=F? QCNB};
H?A;NCP? =B;LA? NB;N L?MC>?M
;LIOH> NB? HO=F?OM I@ ;FF
;NIGM

MO<;NIGC= J;LNC=F? QCNB;
JIMCNCP? =B;LA? NB;N L?MJ>?M CH
NB? HO=F?OM I@ ;FF ;NIGM

MO<;NIGC= J;LNC=F? QCNB HI
=B;LA? NB;N L?MC>?M CH NB?
HO=F?0OM I@ ;FGIMN ;FF ;NIGM
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1B? NIG

1;<F? -LIJ?LNC?M 1@ 00O<;NIGC= -;LNC=F?M

Particle Mass (g) Atomic Mass Electrical Charge Relative

g (amu) (coulombs) Charge
2F?=NLIH e ¢ d e d d
JLINIH e d e d
H?ONLIH e ¢

* For a review of using scientific notation and units of measurement, see Essential
Skills 1 (Section 1.9 "Essential Skills 1").

The Electron

)IHA <?@IL? NB? ?H> 1@ NB? NB=?HNOLS CN Q;M Q2FF
EHIQH NB:N ;JJFSCHA : BCAB PIFN:A? NI ; A;M =IHN:CH?>:N

FIQ JL?MMOL? CH ; M?;F?> NO<? =;FF?>; A;M >CM=B;LA?

NO<? =0M?> ?2F?=NLC=CNS NI @FIQ NBLIOAB NB? A;M QBC=B
NB?H ?GCNN?> REO¥EDL?  $;M ICM=B;LA? 10<?

-LI>O=CHA :NBI>? /:SM /?M?;L=B?LM NLSCHA NI

OH>?LMN:H> NBCM JB?HIG?HIH @IOH> NB:N :H OHOMO;F
@ILG I@ ?H?LAS Q;:M ;FMI 2GCNN?> @+2G.NB?

H?A;:NCP?FS =B;LA?> ?F?=NLI>? B?H=? NBCM @ILG I@ ?H?LAS
Q:M =:FF2#>29./<+C&H NB? LCNCMB JBSMC=CMN "
1BIGMIH A JLIP?> NB;N :NIGM Q?L? HIN NB?

OFNCG:N? @ILG I@ G:NN?L %? >?GIHMNL;N?> NBERiBp@96>+1/ 3= +:63/.>9

= .98>+38/. +> 69A :</==7</
L;SM =IOF> <? >?@F?=N?> IL <?HN <S G;AH?NC= U 3R 2ENLGE ooy

1%

@C?F>M QBC=B CH>C=;N?> NB:N =:NBI>? L:SM =Ir{MCMMN d@59A= >2<9712 >2/ 1+=
=B;LA?> J:.LNC=RE0AOL? _ 1?@F?=NCIH |@ :NBI>?+8./8/<1C 3= /73>>/. 38 >2/ 09<7
[:SM <S :H "F?=NLC= #C?E2 CGJILN:HN <S 90 6312>

G?:MOLCHA NB? ?RN?HN I@ NB? >?@F?=NCIH |@ NB? =;NBI>?

L:SM CH G:AH?NC= IL ?F?=NLC= @C?F>M 1@ P;LCIOM MNL?HANBM

1BIGMIH Q;M ;<F? NI =:F=OF;N7NB2>9 -2+<1/ <+k39

NB? J,LNC=F?M 1B?M? J;.LNC=F?M Q?L? ?GCNN?> <S NB? H?A;:NCP?FS =B;LA?>
L?2J?FF?> <S NB? H?A:NCP? N?LGCH;F |@ :H ?F?=NLC= @C?F> ?=:0M? FCE? =E
2:=B INB?L ;H> IJJIMCN? =B:LA?M :NNL;=N 1BIGMIH =IH=FO>?> NB:N NB? J:LNC=
: H?N H?A;NCP? =B;LA? Q? HIQ =:FF NB?M?eldd{Gr&?MN CGJILN;HN @IL
=B?GCMNLS 1BIGMIH @IOH> NB:;N NB? G:MM NI =B:LA? L:NCI I@ =:NBI>? L;SM G
CH>?J?H>?HN I@ NB? H;NOL? 1@ NB? G?N:F ?F?=NLI>?M IL NB? A:M QBC=B MO
?2F?=NLIHM Q?L? @OH>:G?HN:F =IGJIH?HNM 1@ :FF ;NIGM
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317</ /06/->398 90 +>29./ $+C=,C +8 6/-><3- 3/6.

=>2/ -+>29./ <+C=><+@/6 >9A+<. >2/ <312> >2/C +</ ./06/->]. >9A+<., >2/ :9=3>3@/ /6/-><9./  .[798=><-
>2/C +</ 8/1+>3@/6C -2+<1/.

00<M?KO?HNFS NB? G?LC=;H M=C?HNCMN /I<?LN *CFFCE;H ~ =,LLC?>10
M?LC?M 1@ ?RJI?LCG?HNM OMCHA ?F?=NLC=;FFS =B;LA?> ICF >LIJF?NM QBC=
=,F=OF;N? NB? =B;LA? IH ; MCHAF? ?F?=NLIH 4CNB NBCM CH@ILG;NCIH ;H> 1Bl
G;MM NI =B;LA? L;NCI *CFFCE;H >?N?LGCH?> NB? G;MM 1@ ;H ?F?=NLIH

NBTT
M NBTT
}Eﬁaﬁ

&N Q;M ;N NBCM JICHN NB;N NQI M?J;L;N? FCH?M |@ CHP?MNCA;NCIH <?A;H NI
;CG?> ;N >?N?LGCHCHA BIQ ;H> QBS G;NN?L ?GCNM ?H?LAS

Radioactivity

1B? M?=IH> FCH? 1@ CHP?MNCANCIH <?A;HCH  QB?H NB? #L?H=B JBSMC=C
?=KO?L?F A >CM=IP?L?> NB;N =?LN;CH GCH?L;FM MO=B ;M OL;HCOG M;F!
?GCNN?>; H?Q @ILG 1@ ?H?LAS ?=KO?L?FbM QILE Q;M AL?;NFS ?RN?H>?> <S
OLC? ~ ;H>B?LBOM<H> -C?LL? ~ ;FFNBL?? MB;L?> NB? +I<?F
-LCT? CH-BSMC=MCH  *LC? OLC? =ICH?> NERARMEy ~@LIG NB?
);NCH+.32=G?;HCHA "L;Sa NI >?M=LC<? NB? ?GCMMCIH 1@ ?H?LAS L;SM <S G;N
@IOH> NB;N IH? J;LNC=OF;L OL;HCOG IL? JCN=B<F?H>? Q;M MO<MN;HNC;FFS
L;>CI;=NCP? NB;H GIMN QBC=B MOAA?MN?> NB;N CN =IHN;CH?> IH? IL GIL? BC
L;>Cl;=NCP? CGJOLCNC?M ON;LNCHA QCNB M?P?L;F NIHM @ JCN=B<F?H>? N
NQI H?Q L;>CI;=NCP? ?F?G?HNM ;@N?L GIHNBM I@ QILE JIFIHCOG QBC=B Q;V
187 MIHN:H2I0M 2GeMMCHH 1@1L LC?bM HINCP? -IF;H> H> L;>COG QBC=B Q;M H;G?> @IL CNM CHN?HM?
?H?LAS L;SM Li>CINCIH <S | L;>Cl;=NCPCNS -C?LL? OLC? =,LLC?>; PC;F 1@ L;>COG CH BCM =I;N JI=E?N NI :
GINN?L CNM AL??HCMB AFIQ ; B;<CN NB;N =,0M?> BCG NI <?=IG? CFF @LIG L;>C;NCIH

1B? NIG
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1B? NIG

Q?FF <?@IL? B? Q;M LOH IP?L <S ; BILM? >L;QH Q;AIH ;H> ECFF?> CHMN;HNFS C
*1.C? OLC? CHNOLH >C?>1@ QB;N Q;M ;FGIMN =?LN;CHFS L;>C;NCIH JICMIHC

OCF>CHA IH NB? OLC?Mb QILE NB? LCNCMB JBSMC=CMN

"LH?MN /ONB?L@IL> ~ J?L@ILG?>>?=CMCP?

?RJ?LCG?HNM NB;N F?> NI NB? GI>?LH PC?Q 1@ NB?

MNLO=NOL? I@ NB? ;NIG 4BCF? QILECHA CH 1BIGMIHbM

F:<IL:NILS MBILNFS :@N?L 1BIGMIH >CM=IP?L?> NB?

?F?=NLIH /ONB?L@IL> MBIQ?> NB;N =IGJIOH>M |@

OL;HCOG ;H> INB?L ?F?G?HNM ?GCNN?> ;N F?;MN NQI

>CMNCH=N NSJ?M I@ L;>C;NCIH ,H? Q;M L?;>CFS ;<MIL<?> <S

G;NN?L ;H> M??G?> NI =IHMCMN 1@ J;LNC=F?M NB#NdB bromide illuminated

JIMCNCP? =B;LA? ;H> Q?L? G;MMCP? =IGJ;L?> NI by its own radioactive glow.

?F?=NLIHM ?=:0M? CN Q;M NB? @CLMN ECH> |@ $23T;N&ERY Nii=c5/8 38 >2/

SCM=IP?L?> /ONB?L@IL> =:FF?> NB2M? MO<MN:HZSREC 72 7<3/6+.9<+>9<C

+<>3-6/£ONB?L@IL> ;FMI MBIQ?> NB;N NB? J;LNC=F?M CH

NB? M?=IH> NSJ? |@ L;>C;NQH8-6/B;> NB? M;G?

=B;LA? ;H> G;MM NI =B;LA? L;NCI ;M 1BIGMIHbM

?F?=NLIHM NB?S ;L? HIQ EHIQH NI <? BCAB MJ??> ?F?=NLIHM NBCL> NSJ? |@
<+C=Q;M >CM=IP?L?> MIG?QB;N F;N?L ;H> @IOH> NI <? MCGCF;L NI ; FIQ?L ?H"

@ILG 1@ L;>C:NCIH =:FF?> R L;SM HIQ OM?> NI JLI>0=? CG;A?M I@ <IH?M ;H> N

1B?M? NBL?? ECH>M 1@ L;>C;NCIH_ J;LNC=F?M J;LNC=F?M ;H> L;SM_;L? L?;:
>CMNCHAOCMB?> <S NB? Q;S NB?S ;L? >?@F?=N?><S ;H ?F?=NLC= @C?F> ;H>
QBC=B NB?S J?H?NL;N? G;NKCAQU? "@@?=N 1@ ;H"F?=NLC=#C?F> IH
-LNC=F?M__-;.LNC=F?M ;H> CEMOMNL;N?M J;LNC=F?M ;H> J;LNC=F?M ;L?
>?@F?=N?> CH IJJIMCN? >CL?=NCIHM J;LNC=F?M ;L? >?@F?=N?> NI ; GO=B F*
<?=,0M? 1@ NB?CL BCAB?L G;MM NI =B;LA? L;NCI &H =IHNL;MN L;SM B;P? HI =
NB?S ;L? HIN >?@F?=N?> <S ?F?=NLC= IL G;AHCQAOCL R C?PHNCP?
-?H?NL;NCHA -1Q?L I@ NB? 1BL?? 1SJ?M |@ /;MBNBIHNB;N J;LNC=F?M B;P? NB?
F?;MN J?H?NL;NCHA JIQ?L ;H>;L? MNIJJ?><S ; MB??N 1@ J;J?L QB?L?;M J;LNC
=:H J;MM NBLIOAB NBCH MB??NM I@ G?N;F <ON ;L? ;<MIL<?><S F?;> @ICF IL ?F
AF;MM &H =IHNL;MN L;SM =;H L?;>CFS J?H?NL;N? G;NN?L NBC=E <FI=EM 1@ F
=IH=L?N? ;L? H??>?> NI MNIJ NB?G
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The Atomic Model

,H=? M=C?HNCMNM =IH=FO>?> NB;N ;FF G;NN?L =IHN;CHM H?A;NCP?FS =B;LA?:
<?=;G? =F?;L NB;N ;NIGM QBC=B ;L? ?F?=NLC=;FFS H?ONL;F GOMN ;FMI =IHN;C
=B;LA?M NI <;F;H=? NB? H?A;,NCP? IH?M 1BIGMIH JLIJIM?> NB;N NB? ?F?=NLIHM
?G<?>>7>CH ; OHC@ILG MJB?L? NB;N =IHN;CH?> <INB NB? JIMCNCP? =B;LA? ;I

1B? NIG
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1B? NIG

NB? G;MM 1@ NB? ;NIG GO=B FCE? L;,CMCHM CH JFOG JO>>CHA IL =BI=IF;N? =E
=lIIEC? #CAOL? __ 1BIGMIHbM -FOG -O>>CHA IL BI=IF;N? BCJ IIEC? *I>?F |@

NB? NIG

&H ; MCHAF? @;GIOM ?RJ?LCG?HN BIQ?P?L /ONB?L@IL>

MBIQ?> OH;G<CAOIOMFS NB;N 1BIGMIHbM GI>?F I@N\RB?

;NIG Q;M CGJIMMC<F? /ONB?L@IL> ;CG?>; MNL?;G 1@

J;LNC=F?M ;N ; P?LS NBCH AIF> @ICF N;LAH#CAQN? ;°CH
00GG:LS |@ /ONB?L@IL>bM "RI?LCG?HNM

?R;GCH?> BIQ NB? J;LNC=F?M Q?L? M=;NN?L?> <S NB? @ICF

$IF> Q;M =BIM?H <?=;0M? CN =IOF> <? ?;MCFS B;GG?L?>

CHNI ?RNL?G?FS NBCH MB??NM QCNB ; NBC=EH?MM NB;N

GCHCGCT?> NB? HOG<?L I@ ;NIGM CH NB? N;LA?N &@

1BIGMIHbM GI>?F I@ NB? ;NIG Q?L? =ILL?=N NB?

JIMCNCP?FS =B;LA?> J;LNC=F?M MBIOF> =L;MB NBLIOAB NB?

OHC@ILGFS >CMNLC<ON?> G;MM 1@ NB? AIF> N;LAZN-FGED 52/ /6/-><08= +</
=;HHIH<;FFM NBLIOAB NB? MC>? |@ ; QII>?H BIOM?7 1B3&+ 28309<7 =:2/</ 90
GCABN <? GIPCHA ; FCNNF? MFIQ?L QB?H NB?S ?@?BA® -20M

NB?S MBIOF> J;MM ?MM?HNC;FFS MNL;CABN NBLIOAB NB? N;LA?N

JLN < CHCAOL? __ 0OGG:LS I@ /ONB?L@IL>bM

"RJ?LCG?HNMI /ONB?L@IL>bM ;G;T?G?HN ; MG;FF

@L;=NCIH I@ NB? J,LNC=F?M Q?L? >?@F?=N?> ;N F;LA? ;HAF?M ;H> MIG? Q?L"
>CL?=NFS <;=E ;N NB? MIOL=? J;#iCAOCM __ 0OGG:LS I@ /ONB?L@IL>bM
"RJ?LCG?HNM==IL>CHA NI /ONB?L@IL> "&N Q;M ;FGIMN ;M CH=L?>C<F? ;M C@ :
. CH=B MB?FF ;N ; JC?=? 1@ NCMMO? J;J?L ;H> CN =;G? <;=E ;H>BCN SIO a
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1B? =?HNL;F =IL? 1@ ;H ;NIG
QB?L? JLINIHM ;H> ;HS
H?ONLIHM L?MC>?

1B? NIG
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/ONB?L@IL>bM L?MOF88AQTMTMN?HN QCNB ; GI>?F CH QBC=B NB? G;MM ;H>
JIMCNCP? =B;LA? ;L? >CMNLC<ON?> OHC@ILGFS NBLIOABION NB? PIFOG? 1@
&HMN?;> NB?S MNLIHAFS MOAA?MN?> NB;N <INB NB? G;MM ;H> JIMCNCP? =B;l
=IH=?HNL;N?> CH ; NCHS @L;=NCIH I@ NB? PIFOG? I@ ;H ;NIG QBC=B /ONB?L@
NBhucleus &N G;>? M?HM? NB;N ; MG;FF @L;=NCIH |@ NB? J;LNC=F?M =IFFC:
>?HM? JIMCNCP?FS =B;LA?> HO=F?C CH ?CNB?L ; AF;H=CHA @;MBCIH L?MOF|
>?@F?=NCIHM IL ;FGIMN B?;>IH =,0OMCHA NB?G NI <? L?@F?=N?> MNL;CABN <
MIOL=?

FNBIOAB /ONB?L@IL> =IOF> HIN ?RJF;CH QBS L?JOFMCIHM <?NQ??H NB? JIMC
=B;LA?M CH HO=F?C NB;N =IHN;CH?> GIL? NB;H IH? JIMCNCP? =B;LA? >C> HIN =
HO=F?0OM NI >CMCHN?AL;N? B? L?;MIH?> NB;N L?JOFMCIHM <?NQ??H H?A;NCF
?F?=NLIHM QIOF> =;0M? NB? ?F?=NLIHM NI <? OHC@ILGFS >CMNLC<ON?> NBL
;NIGbM PIFO@?P>;S Q? EHIQ NB;N><981 8?-6/+< 09QBC=B ;L? GO=B MNLIHA?L
NB;H ?F?=NLIMN;NC= CHN?L;=NCIHM BIF> NB? JLINIHM ;H> NB? H?ONLIHM NIA’
HO=F?GN. NBCM ;H> INB?L CHMCABNM /ONB?L@IL> Q;M ;Q;L>?7> NB? +I<?F -LC
B?GCMNLS CH 2H@ILNOH;N?FS /ONB?L@IL> QIOF> B;P? JL?@?LL?> NI L?=
+I<?F -LCT? CH -BSMC=M <?=,0M? B? NBIOABN NB;N JBSMC=M Q;M MOJ?LCIL N
&H BCM IJCHCIH ~ FF M=C?H=? CM ?CNB?L JBSMC=M IL MN;GJ =IFF?=NCHA a 1
NBCM N?R3O=NIB;L? /ONB?L@IL>bM PC?Q

00<M?KO?HNFS /ONB?L@IL> ?MN;<FCMB?> NB;N NB? HO=F?OM |@ NB? BS>LI
JIMCNCP?FS =B;LA?> J;LNC=F? @IL QBC=B B? =ICK9>98Br H;3%? ;FMI
MOAA?MN?> NB;N NB? HO=F?C |@ ?F?G?HNM INB?L NB;H BS>LIA?H GOMN =IHN
H?ONL;F J;,LNC=F?M QCNB ;JJLIRCG;N?FS NB? M;G? G;MM ;M NB? JLINIH 1B? H°
BIQ?P?L Q;M HIN >CM=IP?L?>OHNCF QB?H"'G?”M B;>QC=E * ;
MNO>?HN I@ /ONB?L@IL> +I<?F -LCT? CH -BSMC=M >CM=IP?L?>CN M;L?
/ONB?L@IL>bM QILE CN <?=;G? =F?;L NB;N ;H J;LNC=F? =IHN;CHM NQI JLINIHM
H?ONLIHM ;H> CM NB?L?@IL? MCGJFS NB? HO=F?0OM I@ ; B?FCOG ;NIG

1B? BCMNILC=;F >?P?FIJG?HN 1@ NB? >C@@7?L?HN GI>?FM |@ NB? ;NIGbM MNI
MOGG;LCT?>#3AOL? 00GG;LS 1@ NB? %CMNILC=;F 1?P?FIJG?HN 1@ *I>?FM
NB? IGJIH?HNM ;H> ONLO=NOL? I@ NBPONEXL@IL>bM GI>?F |@ NB? ;NIG CM

?MM?HNC;FFS NB? M;G? ;M NB? GI>?LH IH? ?R=?JN NB;N Q? HIQ EHIQ NB;N ?F~
89>OHC@ILGFS >CMNLC<ON?> NBLIOABION ;H ;NIGbM PIFOG? &HMN?;> NB?S
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>CMNLC<ON?> ;==IL>CHA NI ; M?N |@ JLCH=CJFB{IN2U=L1B?6NLKD=NOL? 1@
NIGM #CAOL?  1B? "PIFONCIHI@ NIGC=1B?ILS ;M &FFOMNL;N?> <S *I>?FV
NB? ,RSA?H NIGMBIQM BIQ NB? GI>?F |@ NB? ;NIG B;M ?PIFP?> IP?L NCG? @LIC
NB? CH>CPCMC<F? OHCN 1@ !;FNIH NI NB? GI>?LH PC?Q N;OABN NI>;S
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Summary

NIGM NB? MG;FF?MN J;LNC=F?M |@ ;H ?F?G?HN NB;N ?RBC<CN NB? JLIJ?LN
?F?G?HN =IHMCMN |I@ H?A;NCP?&8ctRIbAIIOH> ; =?HNL fucleus

=IGJIM?> 1@ GIL? G;MMCP? JIMCNCP?F$rBana?H> ?F?=NLC=;FFS H?ONL;F
neutrons Radioactivity CM NB? 2GCMMCIH |@ ?H?LA?NC= J;LNC=F?M ;H> L;SM
L;>C;NCIH <S MIG? MO<MN;H=?M 1BL?? CGJILN;HN ECH>M |@ L;>C;NCIH ;L?
J;LNC=F?M B?FCOG HO=F?C J;LNC=F?M ?F?=NLIHM NL;P?FCHA ;N BCAB M
L;:SM MCGCF;L NI R L;SM <ON BCAB?L CH ?H?LAS

1B? NIG
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1B? NIG

KEY TAKEAWAY

X 1B? ;NIG =IHMCMNM I@ >CM=L?N? J;LNC=F?M NB;N AIP?LH CNM =B?GC-=;
JBSMC=;F <?B;PCIL

CONCEPTUAL PROBLEMS

I?M=LC<? NB? ?RJ?LCG?HN NB;N JLIPC>?> ?PC>?H=7 NB;N NB? JLINIH CM
=B;LA?>

4B;N I<M?LP;NCIH F?> /ONB?L@IL> NI JLIJIM? NB? ?RCMN?H=? |@ NB? H?OI

4B;N CM NB? >C@@?L?H=? <?NQ??H /ONB?L@IL>bM GI>?F |@ NB? ;NIG ;H>
=B?GCMNM OM? NI>;S

&@ =;NBI>? L;SM ;L? HIN >?@F?=N?> QB?H NB?S J;MM NBLIOAB ; L?ACIH 1@
QB;N >I?M NBCM CGJFS ;<ION NB? JL?M?H=7 IL ;<M?H=? 1@ ; G;AH?NC= @C
J?LJ?H>C=0F;L NINB? J;NB I@ NB? L;SM CH NB;N L?ACIH

I?M=LC<? NB? ION=IG? NB;N QIOF> <? ?RJ?=N?> @LIG /ONB?L@IL>bM ?RJ?
NB? =B;LA? IH J;LNC=F?M B;> L?G;CH?>NB? M;G? <ON NB? HO=F?OM Q~L"
H?A;NCP?FS =B;LA?> &@ NB? HO=F?0OM Q?L? H?ONL;F QB;N QIOF> B;P? <
ION=IG?

I?M=LC<? NB? >C@@7?L?H=?M <?NQ??H ;H J;LNC=F? ; J;LNC=F? ;H>; L
B;M NB? AL?;N?MN ;<CFCNS NI J?H?NL;N? G;NN?L
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1B? NIG

NUMERICAL PROBLEMS

"6/+=/ ,/ =?</ C9? +</ 0+7363+< A3>2 >2/ >9:3-= .3=-?==/. 38 ==/86/>BB5366=
==/8>3+6 %5366/)9</ :<9-//.381 >9 >2/ ?7/<3-+6 "<9,6/7=

2MCHANB? > N18H? _ -LIJ?LNC?M I@ OO<;NIGC= -;LNC#F’NB?
J?LCI>C=N;<F? BIN?L JI?H>CR % -?LCI>C=1;<F? 1@ "F?G?HNM
=,F=OF;N? NB? J?L=?HN;A? |@ NB? G;MM I@ ; MCFC=IH ;NIG NB;N CM >0? N

; ?F?=NLIHM
< JLINIHM

2MCHANB? >N18H? _ -LIJ?LNC?M I@ OO<;NIGC= -;LNC#F’NB?
J?LCI>C=N;<F? BIN?L JI?H>CR % -?LCI>C=1;<F? 1@ "F?G?HNM
=;F=0OF;N? NB? J?L=?HN;A? |@ NB? G;MM I@ ; B?FCOG ;NIG NB;N CM >0O7? NI

; ?F?=NLIHM
< JLINIHM

1B? L;>COM 1@ ;H ;NIG CM ;JILIRCG;NRESG?M F;LA?L NB;H NB? L;>COM 1@ C
HO=F?0OM &@ NB? L;>COM I@ NB? HO=F?0OM Q?L? =G QB;N QIOF><? NB
NB? ;NIG CH =?HNCG?N?LM CH GCF?M

1B? NIN;F =B;LA? IH ;H ICF >LIJ Q;M @IOH> NI &? d =IOFIG<M 4B;N CM
NB? NIN;F HOG<?L |@ ?F?=NLIHM =IHN;CH?> CH NB? >LIJ
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1.6 Isotopes and Atomic Masses

LEARNING OBJECTIVE

11 EHIQ NB? G?;HCHA |@ CMINIJ?M ;H> ;NIGC= G;MM?M

/ONB?L@IL>bM HO=F?;L GI>?F |@ NB? ;NIG B?FJ?> ?RJF;CH QBS ;NIGM |@ >C@
?F?G?HNM ?RBC<CN >C@@7?L?HN =B?GC=;F <?B;PCIL 1B? C>?HNCNS |I@ ;H ?F
<S CNldmic number (Z2) NB? HOG<?L I@ JLINIHM CH NB? HO=F?OM 1@ ;H ;NIG I
?F?G?H&2/ +>973- 8?7,/< 3= >2/</09</ .300/</8> 09< /+-2 MBP/EHIQH ?F?G?HNM
;L? LL;HA?> CH IL>?L |@ CH=L%Ig¢eHN®p@riodic table  #CAOL? 1B?
-?LCI>C=1:<F? OBIQCHA NB? "F?G?HNM CH ,L>?L |@ &AMINIIBHN?L

JI?H>CR % -?LCI>C=1:<F? 1@ "F?2GHINDCFF ?RJF;CH NB? L;NCIH;F? @IL NB?
J?=0OFC;L @ILG;N |@ NB? J?LCI>C=B&P2.CHB? -?LCI>C=1:<F? :H> -?LCI>C=
1L?H>MCH QBC=B ?;=B ?F?G?HN CM ;MMCAH?> ; OHCKO? IH? NQI IL NBL?? F
MSG<IF 1B? H;G?M I@ NB? ?F?G?HNM ;L? FCMN?> CH NB? J?LCI>C= N;<F? ;FIH
MSG<IFM ;NIGC=HOG<?LM ;H>:NIGC=G;MM?M 1B? =B?GCMNLS |@ ?;=B ?F?C
>?N?LGCH?> <S CNM HOG<?L |@ JLINIHM ;H> ?F?=NLIHM &H ; H?ONL;F ;NIG NE
@ ?F?=NLIHM ?KO;FM NB? HOG<?L |@ JLINIHM
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1B? HOG<?L |I@ JLINIHM CH NB?
HO=F?0M 1@ ;H ;NIG |@ ;H
?F?G?HN

=B;LN |@ NB? =B?GC=;F
?F?G?HNM ;LL;HA?> CH LIQM 1@
CH=L?;MCHA ;NIGC= HOG<?L MI
NB;N NB? ?F?G?HNM CH ?;=E
=IFOGH ALIOJ B;P? MCGCF;L
=B?GC=;F JLIJ?LNC?M
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=./=-<3,/. 38%/->398  8><9.?->398 >9 >2/ "/<39.3- &2/6]/>+6= +</ 98 >2/ ,9>>97 6/0> 38 >2/ :/<39.3-
>+.6/ +8.>2/ 8987/>+6= +</ +>>2/ >9: <312> &2/ =/737/>+6= 63/ +6981 + .3+198+6 638/ =/:+<+>381 >2/ 7/
8987/>+6=

&H GIMN =;M?M NB? MSG<IFM @IL NB? ?F?G?HNM ;L? >?LCP?> >CL?=NFS @LIC
?F?G?HNbM H;G? MO=B ;M @IL =;L<IH 2 @IL OL;HCOG ; @IL =;F=COG ;H>-I @
JIFIHCOG "F?G?HNM B;P? ;FMI <??H H;G?> @IL NB?CL JLIJ?LNC?M 8MO=B ;M L;
@IL CNM L;>Cl;=NCPCNS9 @IL NB? H;NCP? =IOHNLS 1@ NB? M=C?HNCMN M QI
8JIFIHCOG -l @IL -IF;H>9 @IL ?GCH?HN M=C?HNCMNM 8=0OLCOG G @IL NB?
AI>M ;H> AI>>?MM?M 8M?F?HCOG 0? @IL NB? $L??E AI>>?MM 1@ NB? GIIH 0?F
@IL INB?L JI?NC= IL BCMNILC=;F L?;MIHM 0IG? I@ NB? MSG<IFM OM?> @IL ?F?(
B;P? <??H EHIQH MCH=? ;HNCKOCNS ;L? >?LCP?> @LIG BCMNILC=;F H;G?M NB;
FIHA?L CH OM? IHFS NB? MSG<IFM L?G;CH NI L?GCH> OM 1@ NB?CL ILCACH "F
@IL CLIH @LIG NB? PReR7+, @IL MI>COG @LIG NB? §NGE?7H> 4 @IL
NOHAMN?H @LIG NB? $286)kH7R;GIF?M ;L? AKFE?  "F?G?HN 0SG<IFM

;M?> IH +:G?M +1)IHA?L CH 2M?M SIO QILE NBLIOAB NBCM N?RN SIO QCFF
?H=IOHN?L NB? H;G?M ;H> MSG<IFM |I@ NB? ?F?G?HNM L?J?;N?>FS ;H> GO=B;
<?=1G? @;GCFC;L QCNB =B;L;=N?LM CH ; JF;SIL ; @CFG NB?CL H;G?M ;H> MSG
<?=1G? @;GCFC;L

1;<F? "F?G?HN O0SG<IFM ;M?> IH +;G?M +I )IHA?L CH 2M?

;HNCGIHS 0< =>3,3?7 );NCH @IL "G;LEa

@LIGC:<3?7 );NCH H;G? @IL NB? CMF;H> 1@ SJUOM NB

=NJ7L © et G;DIL MIOL=? I@ =13J?L IL? CH NB? /IG;H "GJCL?
AlF> (@] +?2<?7 );NCH @IL "AlF>a

CLIH #7? 0/<<?7 );NCH @IL "CLIHa

F?;> -< 677,77 );NCH @IL "B?;PSa

G?L=0OLS| %A 2C.<+<1C<%9);NCH @IL 'FCKOC> MCFP?La

JIN;MMCOG 5+63?7 @LIG NB? L;<&6 ;363FE;FCa
MCFP?L | A +<1/8>?7 );NCH @IL "MCFP?La
MI>COG | +; 8+><3?77 );NCH @IL "MI>COGa

NCH OH =>+8877 );NCH @IL "NCHa

$?LG;H @IL "QIF@ MNIH?a <?=;0M? CN CHN?L@PL?> QC

P
NOHAMNTH A9BO<+7 MG?FNCHA |@ NCH ;H> Q;M NBIOABN NI >?PIOL NB? NC

&MINII?M ;H> NIGC=*;MM?M
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NIGM NB;N B;P? NB? M;G?
HOG<?LM |@ JLINIHM <ON
>C@@?L?HN HOG<?LM I@ H

1B? HOG<?L I@ JLINIHM ;H>
H?ONLIHM CH NB? HO=F?0ON
NIG 1@ ;H ?F?G?HN

[?=;FF @LIG?=NCIH __1B? NIG NB;N NB? HO=F?C |@ GIMN ;NIGM =IHN;CH H?ON
;M Q?FF ;M JLINIHM 2HFCE? JLINIHM NB? HOG<?L I@ H?ONLIHM CM HIN ;<MIFC
@IL GIMN ?F?G?HNM NIGM NB3Q/B;P7/ 8?7,/< 90 :<9>98H> B?H=? NB? M;G?
;NIGC= HOG<?L <G0D/</8> 8?7,/<= 90 8/?><B8=;FF?isotopes FF CMINIJ?M 1@

;H ?F?G?HN B;P? NB? M;G? HOG<?L I@ JLINIHM ;H> ?F?=NLIHM QBC=B G?;HM N
?RBC<CN NB? M;G? =B?GCMNLS 1B? CMINIJ?M 1@ ;H ?F?G?HN >C@@?L IHFS C
G;MM QBC=B CM ACP?HneSNRimber (A) NB? MOG I@ NB? HOG<?LM I@ JLINIH
;H>H?ONLIHM

1B? ?F?G?HN =;L<IH B;M;H ;NIGC=HOG<?LI@ QBC=B G?;HM NB;N ;FF H?ON
=;L<IH ;NIGM =IHN;CH JLINIHM ;H> ?F?=NLIHM &H ; NSJC=;F M;GJF? |@ =;L<IH
=IHN;CHCHA G;N?LC;F I@ NB? =;L<IH ;NIGM ;FMI =IHN;CH H?ONLIHM MI ?;=
B;M; G;MM HOG<?LI@ H CMINIJ? 1@ ;HS ?F?G?HN =;H <? OHCKO?FS L?JL?M’
é 9 QB?L? 5 CM NB? ;NIGC= MSG<IF |I@ NB? ?F?G?HN 1B? CMINIJ? |@ =;L<IH NE
H?ONLIHM CM NB?L?& l®? MO<M=LCJN CH>C=;NCHA NB? ;NIGC= HOG<?L CM ;
L?>0OH>;HN <?=;0M? NB? ;NIGC= MSG<IF ;FL?;>S OHCKO?FBMPREE RS

$CM GIL? I@N?H QLCNN?BBE@=B CM L?;> ;M '=;L<IH a+?P?LNB?F?MM NB?
P;FO? I®@CM =IGGIHFS CH=FO>?> CH NB? HINRGIH@JIENCIHM <?=;0M? NB?M?
L?;=NCIHM CHPIFP? =B;HAZM EPM=LC<?>BCHN?L +O=F?;L B?GCMNLS

?ONLIHM

@ ;H
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&H ;>>CNCIH NI; NSJC=;F M;GJF? I@ =,L<IH =IHN;CHM $ QCNB

H?ONLIHM ;H> JLINIHM ;H>;NL;=?%» QCNB H?ONLIHM ;H> JLINIHM 1B?

HO=F?0OM I@M HIN MN;<F? BIQ?P?L <ON OH>?LAI?M ; MFIQ L;>CI;=NCP? >?=;S

NB? <;MCM 1@ NB? =;L<IH >;NCHA N?=BHCKO? OM?> CH ;LBRIRAIAS M??
B?GC=;F (CH?NC=MHS ?F?G?HNM INB?L NB;H =;L<IH B;P? GIL? NB;H IH? MN;<F~

CMINIJ? NCH @IL ?R;GJF? B;M CMINIJ?M 1B? JLIJ?LNC?M |@ MIG? =IGGIH CI

;L? CHL<E? _ -LIJ?LNC?M |@ 0?F?=N7?> &MINII?M

1;<F? -LIJ?LNC?M I@ 0?F?=N?> &MINII?M

BS>LIA?H %

<ILIH

>?@CH?¥
=;L<IH

IRSA?H |,

CLIH #?

OL;HCOQg 2

0IOL=?M I@ CMINIJ? >;N; $ O>C Pb/F<"2C=3-= At (INT
JH> ((# -OL=7?FR2/73=><C +8. 2/73-+6 $/+->3@3>C>

&MINII?M ;H> NIGC=*;MM?M



B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

EXAMPLE 5

H ?F?G?HN QCNB NBL?? MN;<F? CMINIJ?M B;M JLINIHM 1B? M?J;L;N? CMIN
=IHN;CH ;H>  H?ONLIHM &>?HNC@S NB? ?F?G?HN ;H> QLCN? MSG<IF
@IL NB? CMINIJ?M

Given: HOG<?L |@ JLINIHM ;H> H?ONLIHM

Asked for: ?F?G?HN ;H> ;NIGC= MSG<IF

Strategy:

A/?@7L NI NB? J?LCI>C= N;<EBB:JM?R  JJ?H>CR % -?LCI>C=1;<F? |@
"E?G?HNMH> OM? NB? HOG<?L |@ JLINIHM NI C>?HNC@S NB? ?F?G?HN

B ;F=OF;N? NB? G;MM HOG<?L |@ ?;=B CMINIJ? <S ;>>CHA NIA?NB?L NB?
HOG<?LM |@ JLINIHM ;H> H?ONLIHM

C$CP? NB? MSG<IF I@ ?;=B CMINIJ? QCNB NB? G;MM HOG<?L ;M NB? MOJ~?LI
;H>NB? HOG<?L |@ JLINIHM ;M NB? MO<M=LCJN <INB QLCNN?H NI NB? F?@
MSG<IF |@ NB? ?F?G?HN
Solution:
A1B? ?F?G?HN QCNB JLINIHM ;NIGC=HOG<?LI@ CMF?;> -<
B#IL NB? @CLMN CMINIJRINIHM H?ONLIHM OCGCF;LFS

H> @IL NB? M?=IH> ;:H> NBCL> CMINIJ?M

L?MJ?=NCP?FS 1B? MSG<IFM @IL NB?M? CMIND?M 1@ ;H> 1C
QBC=B ;L? OMO;FFS ;<<L?PC;N?* ;M -< ;H> <

"R?L=CM?

&>?HNC@S NB? ?F?G?HN QCNB  JLINIHM ;H> QLCN? NB? MSG<IFM @IL CNN
QCNB ;H> H?ONLIHM

Answer: H3H> #3B GIL?=IGGIHFS L:H> L

FNBIOAB NB? G;MM?M 1@ NB? ?F?=NLIH NB? JLINIH ;H>NB? H?ONLIH ;L? EHIQ
BCAB >?AL?? |@ JL?=AMEM __-LIJ?LNC?M 1@ 00<;NIGC= -;LNCEIRBMG;MM

&MINII?M ;H> NIGC=*;MM?M
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B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

=B;LA?> J;LNC=F? JLI>O=?>

QB?H IH? IL GIL? ?F?=NLIHM I\§I=

L?GIP?> @LIG IL ;>>?> NI ;H
;NIG IL GIF?=0OF?

|@ ;HS ACP?H ;NIG CM HIN MCGJFS NB? MOG I@ NB? G;MM?M I@ CNM ?F?=NLI
H?ONLIHM #IL ?R;GJF? NB? L;NCI I@ NB? GMB3NIA&?H ;H>%6 >?0N?LCOG

CM ;=NO;FFS L;NB?L NB;H ;M JL?>C=N7?> @LIG NB? HOG<?LM |@ H?ON
;H>JLINIHM JL?M?HN FNBIOAB NB? >C@@7?L?H=? CH G;MM CM MG;FF CN CM
CGJILN;HN <?=;0M? CN CM NB? MIOL=? 1@ NB? BOA? ;GIOHNM I@ ?H?LAS L?F?
HO=F?;L L?;=NCIBMN?L _+O=F?;L B?GCMNLS

?=:0M? :NIGM ;L? GO=B NIl MG;FF NI G?;MOL? CH>CPC>O;FFS ;H>>|I HIN B;P? ;
=B;LA? NB?L? CM HI =IHP?HC?HN Q;S NI ;==0OL;N?F$=G&¥RIGC= G;MM?M
0=C?HNCMNM =;H G2/4OBMIGC= G;MM?M P?LS ;==0OL;N?FS BIQ?P?L OMCHA ;
CHMNLOG?HN =;FF2= =:/-><97/>/4B? N?=BHCKO? CM =IH=?JNO;FFS MCGCF;L N
IH? 1BIGMIH OM?> NI >?N?LGCH? NB? G;MM NI =B;LA? L;NCI I@ NB? ?F?=NLIH #
?F?=NLIHM ;L? L?GIP?> @LIG IL ;>>?> NI ;NIGM IL GIF?=0F?M NBOM JLI>0O=CHA
=B;LA?> J;LNC=F?M =igtis?> 4B?H ;H ?F?=NLC= @C?F> CM ;JJFC?> NB? CIHM ;L?
;==?F?L;N?> CHNI ; M?J;L;N? =B;G<?L QB?L? NB?S ;L? >?@F?=N?> @LIG NB?CL
NL;D?=NILS <S ; G;AH?NC= @C?F> FCE? NB? ?F?=NLIHM CH 1BIGMIHbM ?RJ?LC
?RN?HN 1@ NB? >?@F?=NCIH >?J?H>M IH NB? G;MM NI =B;LA? L;NCI |@ NB? CIH
G?;MOLCHA NB? L?F;NCP? >?@F?=NCIH |@ CIHM NB;N B;P? NB? M;G? =B;LA? N
>?N?LGCH? NB?CL L?F;NCPZGAOU?M ?N?LGCHCHA /?F:NCP? NIGC=*MM?M
2MCHA ; *:MM 0J?=NLIG?NPBOM CN CM HIN JIMMC<F? NI =;F=0F;N? ;<MIFON? ;N

G;MM?M ;==0L;N?FS <S MCGJFS ;>>CHA NIA?NB?L NB? G;MM?M |@ NB? ?F?=NL
JLINIHM ;H> NB? H?ONLIHM-,#96?>NIGC= G;MM?M =;HHIN <? G?;MOL?> <ON
</[6+>3@MM?M =;H <? G?;MOL?> P?LS ;==0OL;N?FS &N CM ;=NO;FFS L;NB?L =IGC
=B?GCMNLS NI ?H=IOHN?L ; KO;HNCNS QBIM? G;AHCNO>? =;H <? G?;MOL?> IHF
NI MIG? INB?L KO;HNCNS L;NB?L NB;H ;<MIFON?FS 4?7 QCFF ?H=IOHN?L G;HS II
?R;GJF?M F;N?L CH NBCM N?RN &H MO=B =;M?M =B?GCMNM OMO;FFS >?@CF
;L<CNL;LCFS ;MMCAHCHA ; HOG?LC=;F P;FO? NI IH? 1@ NB? KO;HNCNC?M QBC
NI =;F=OF;N? HOG?LC=;F P;FO?M @IL NB? L?MN

317</ [>1<738381 $/6+>3@/ >973- +==/="'=381 + +== %:/-><97/>/<

269<38/-98=3=>=90 >A9 3=%-98= 6 38 +::<9B37+>/6C + <+>39 + (2/8 + =+7:6/90 /6/7/8>+6 -269<38
384/->/. 38>9 >2/ 7+===:/-><97/>/< [/6/-><3-+6 /8/<1C 3= ?=/. >9 .3FIBRPE/~>2B>® -269<38/ +>97=
+8. -98@/<> >2/ -269<38/ +>97-8398=6&2/ 398= +</ >2/8 +--/6/<+>/. 38>9 + 7+18/>3- 03/6. &2//B>/8> >9 A2:
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>2/ 398= +</./06/->/. ,C >2/ 7+18/>3- 03/6. ./:/8.= 98 >2/3< <[6+>3@/ 7+==>9 -2+<1/ <+>39= 9>/ >2+> >2/ ¢

6 398= +</./06/->/. 79</ >2+8 >2/ 2/+@@/398= C 7/+=7<381 >2/ </6+>3@/ ./06/->398= 90 >2/ 398= -2/73
-+8 ./>/<738/ >2/3< 7+==>9 -2+<1/ <+>39= +8. >2?=>2/3< 7+==/= | +-2:/+5 38 >2/ 7+===:/-><?7 -9<</=:(
>0 +8 398 A3>2 + (+<>3-?6+< 7+==>9 -2+<1/ <+>39 &2/ +,78.+8-/ 90 >2/ >A9 3=9>9:/= -+8 ,/ ./>/<738/. 0<9’
2/312>=90 >2/ :/+5=

1B? ;L<CNL;LS MN;H>;L> NB;N B;M <??H ?MN;<FCMB?> @IL >?M=LC<CHA ;NIGC-=
atomic mass unit (amu) >?@CH?> ;M IH? NQ?F@NB |@ NB? G;MM 1@ IH? ;NIG |@
?=:0M? NB? G;MM?M |@ ;FF INB?L ;NIGM ;L? =;F=0F;N?> L?F;NIBEI>NILANB?
CM NB? IHFS ;NIG FCMNZFTH -LIJ?LNC?M 1@ 0?F?=N?> &MDBIPMK ?R;=N
‘NIGC= OIG;MM CM ?KO;F NI NB? G;MM HOG<?L "RJ?LCG?HNM B;P? MBIQH NB;N
e A

*MM MJ?=NLIG?NLC= ?RJ?LCG?HNM ACP? ; P;FO? |@ @IL NB? L;NCI |@ NB
% NINB? G;MM I@MI NB? ;<MIFON? G;MNMblGM

NB P19 \ NBPTG$
m $ m BNV BN
NBPGS

1B? G;MM?M |@ NB? INB?L ?F?G?HNM ;L? >?N?LGCH?> CH ; MCGCF;L Q;S

1B? J?LCI>C= N;<F? BIIR?L  JJ?H>CR % -?LCI>C=1;<F? 1@ "F?G?HDIXNM

NB? ;NIGC= G;MM?M 1@ ;FF NB? ?F?G?HNM &@ SIO =IGJ;L? NB?M? P;FO?M QCH
@IL MIG? |@ NB? CMINIZTXEZH -LIJ?LNC?M |@ 0?F?=N?> &MIRIT?MH M??

NB;N NB? ;NIGC= G;MM?M ACP?H CH NB? J?LCI>C= N;<F? H?P?L =ILL?MJIH> ?R,;
NBIM? |@ ;HS 1@ NB? CMINIJ?M ?=;0M? GIMN ?F?G?HNM ?RCMN ;M GCRNOL?\
MN;<F? CMINIJ?MathiBz mass 1@ ;H ?F?G?HN CM >?@CH?> ;M NB? Q?CABN?> ;P
@ NB? G;MM?M |@ NB? CMINIJ?M #IL ?R;GJF? H;NOL;FFS I==OLLCHA =;L<IH CI
GCRNOL? 1@ NQICMINIJ?M  G;MM ;GO <S >?@CHCNCIH ;H>

G;MM ;GO 1B? J?L=7HN ;<OH>H=?1@ CM MI FIQ NB;N CN =;H <?
CAHIL?> CH NBCM =;F=OF;N@1BAGC= G;MM |@ =;L<IH CM NB?H =;F=0OF;N?>

e GO e :GO :GO

;L<IH CM JL?>IGCH;HNFSMI CNM ;P?L;A? ;NIGC= G;MM MBIOF> <? =FIM? NI ;GC
QBC=B CM CH ;AL??G?HN QCNB IOL =;F=0F;NCIH

H? NO?F@NB 1@ NB? G:MM |@lf3 PiFO? 1@  CM MBIQH OH>?L NB? MSG<IF @IL CH NB? J?LCI>C= N;<F? M
NGI@ $ B.JN?L  JJ?H>CR % -?LCI>C= 1:<F? |@ "F?G?HMMIOAB QCNBION NB?
BNV m 1 | <<L?PC;NCH#i? QBC=B CM =OMNIG;LCFS IGCNN?> 1BOM NBBRE<DEIEr>
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B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

=,L<IH IL ;HS INB?L ?F?G?HN CM NB? Q?CABN?> ;P?L;A? |@ NB? G;MM?M 1@ NB’
==OLLCHA CMINIJ?M
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EXAMPLE 6

+;NOL;FFS |==OLLCHA <LIGCH? =IHMCMNM I@ NB? NQI CMINIJ?M FCMN?> ClI
@IFFIQCHA N;<F?

Isotope | Exact Mass (amu)| Percent Abundance (%)

L

L

;F=0OF;N? NB? ;NIGC= G;MM 1@ <LIGCH?
Given: ?R;=N G;MM :H> J?L=?HN ;<OH>:H="?
Asked for: ;NIGC= G;MM

Strategy:

A IHP?LN NB? J?L=7?HN ;<OH>;H=?M NI >?=CG;F @ILG NI I<N;CH NB? G;MM
@L;=NCIH I@ ?;=B CMINIJ?

B *OFNCJFS NB? ?R;=N G;MM I@ ?;=B CMINIJ? <S CNM =ILL?MJIH>CHA G;MM
J?L=?HN ;<OH>;H=?c NI I<N;CH CNM Q?CABN?> G;MM

C >> NIA?NB?L NB? Q?CABN?> G;MM?M NI I<N;CH NB? ;NIGC= G;MM |@ NB?
?F?G?HN

D B?=E NI G;E? MOL? NB;N SIOL ;HMQ?L G;E?M M?HM?
Solution:

A 1B? :NIGC= G:MM CM NB? Q?CABN?> :P?L:A? I@ NB? G:MM?M |@ NB? CMIN
A?H?L;F Q? =;H QLCN?

;NIGC=G;MM I@ ?F?G?HN 8 G;MM I@ CMINIJ? CH ;GO G;MM @L;=NCIH 1@ CN
9 8G,MMI@ CMINIJ? G;MM @L;=NCIH 1@ CMINIJ? 9

LIGCH? B;M IHFS NQI CMINIJ?M IHP?LNCHA NB? J?L=?HN ;<OH>;H=?M NI G;
@L;=NCIHM ACP?M
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#S ——
#S ——

B*OFNCJFSCHA NB? ?R;=N G;MM I@ ?;=B CMINIJ? <S NB? =ILL?MJIH>CHA G;|
@L;=NCIH ACP?M NB? CMINIJ?bM Q?CABN?> G;MM

C1B? MOG I@ NB? Q?CABN?> G;MM?M CM NB? ;NIGC= G;MM |I@ <LIGCH? CM

:GO :GO :GO

D 1BCM P;FO? CM ;<ION B;F@Q;S <?NQ??H NB? G;MM?M I@ NB? NQI CMINIJ?
CM ?RJ?=N?> <?=;0M? NB? J?L=?HN ;<OH>;H=? |@ ?;=B CM ;JJLIRCG;N?FS

"R?L=CM?

*AH?MCOG B;M NB? NBL?? CMINIJ?M FCMN?> CH NB? @IFFIQCHA N;<F?

*A

*A

*A

2M? NB?M? >;N; NI =;F=0OF;N? NB? ;NIGC= G;MM |@ G;AH?MCOG

Answer: :GO
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Summary

"=B ;NIG 1@ ;H ?F?G?HN =IHN;CHM NB? M;G? HOG<?L |@ JLINIHM QBC=B CM !
atomic number * +?0ONL;F ;NIGM B;P? NB? M;G? HOG<?L |@ ?F?=NLIHM ;H>
JLINIHM NIGM I@ ;H ?F?G?HN NB;N =IHN;CH >C@@?L?HN HOG<?LM I@ H?ON
=;FF?isotopes ";=B CMINIJ? |@ ; ACP?H ?F?G?HN B;M NB? M;G? ;NIGC= HOG<?I
<ON ; >C@ @ phzdsNhumber QBC=B CM NB? MOG I@ NB? HOG<?LM I@ JLINIH
;H>H?ONLIHM 1B? L?F;NCP? G;MM?M I@ ;NIGM ;L? L?JILNoraiM@BigsNB?

unit amu QBC=B CM >?@CH?> ;M IH? NQ?F@NB |@ NB? G;MM |@ IH? ;NIG |1@
=L<IH QCNB JLINIHM H?ONLIHM ;H> ?F?=NLIRWriB"mass @ ;H
?F?G?HN CM NB? Q?CABN?> ;P?L;A? |@ NB? G;MM?M I@ NB? H;NOL;FES I1==0|
CMINIJ?M 4B7?H IH? IL GIL? ?F?=NLIHM ;L? ;>>?> NI IL L?GIP?> @LIG ;H ;NIG IL
GIF?=0F? ; =B;LA?> J;LNC=F? =;Fe#>CM JLI>O=7?> QBIM? =B;LA? CM
CH>C=;N?> <S ; MOJ?LM=LCJIN ;@N?L NB? MSG<IF

KEY TAKEAWAY

X 1B? G;MM I@ ;H ;NIG CM ; Q?CABN?> ;P?L;A? NB;N CM F;LA?FS >?N?LGCH
NB? HOG<?L I@ CNM JLINIHM ;H> H?ONLIHM QB?L?;M NB? HOG<?L 1@ JL
;H> ?F?=NLIHM >?N?LGCH?M CNM =B;LA?
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CONCEPTUAL PROBLEMS

IGIJF?N? NB? @IFFIQCHA N;<F? @IL NB? GCMMCHA ?F?G?HNM MSG<IFM
|@ ?F?=NLIHM

Element | Symbol | Number of Electrons

GIFS<>?HOG

NCN;HCOG

0G

B?FCOG

IGJF?N? NB? @IFFIQCHA N;<F? @IL NB? GCMMCHA ?F?G?HNM MSG<IFM
|@ ?F?=NLIHM

Element | Symbol | Number of Electrons

F:HNB;HO

[7p)

&L

;FOGCHO(

V)

MI>COG

0C

?

&M NB? G;MM I@ ;H CIH NB? M;G? ;M NB? G;MM I@ CNM J;L?HN ;NIG "RJF;C
"HMQ?L

4B;N CMINIJC= MN;H>;L> CM OM?> @IL >?N?LGCHCHA NB? G;MM 1@ ;H ;NIG
$CP? NB? MSC%I@@IL NB?M? ?F?G?HNM ;FF I@ QBC=B ?RCMN ;M ; MCHAF

; <?LSFFCOG
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LONB?HCOG
JBIMIBILOM
;FOGCHOG

? =?MCOG

@ JL;M?I1>SGCOG
A =I<sEN

B SNNLCOG

C ;LM?HC=

VNV 11 A

$CP? NB? MSC%I@@IL NB?M? ?F?G?HNM ;FF |@ QBC=B ?RCMN ;M ; MCHAF

@FOILCH?
B?FCOG
N?L<COG
CI>CH?

? AlF>

@ M=H>COG
A MI>COG
B HCI<COG
C G;HA;H?M?

N VoA

&>?HNC@S ?;=B ?F?G?HN L?JL?M?HN?><S5 NB;N B;P? NB? ACP?H MSG<|

A
©

NV
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NUMERICAL PROBLEMS

"6/+=/ ,/ =?</ C9? +</ 0+7363+< A3>2 >2/ >9:3-= .3=-?==/. 38 ==/86/>BB5366=
==/8>3+6 %5366/)9</ :<9-//.381 >9 >2/ ?7/<3-+6 "<9,6/7=

1B? CMINII?M & ;H> | ;L? =IGGIHFS OM?> CH G?>C=CH? [?N?LGCH? NB?
HOG<?L |@ H?ONLIHM JLINIHM ;H> ?F?=NLIHM CH ; H?ONL;F ;NIG |@ ?;=B

I?N?LGCH? NB? HOG<?L I@ JLINIHM H?ONLIHM ;H> ?F?=NLIHM CH ; H?ONL

?;=B CMINIJ?
; =

< &H

= +C

> #?

INB N?=BH?NCOG ;H>;G?LC=COG ;L?JLI>0O=?>CH HO=F?;L L?;=NILM
I?N?LGCH? NB? HOG<?L I@ JLINIHM H?ONLIHM ;H> ?F?=NLIHM CH NB? H?
;NIGM |@ ?;=B

1B? @IFFIQCHA CMINIJ?M ;L? CGJILN;HN CH ;L=B;?IFIAC=;F L?M?;L=B %IQ «
JLINIHM H?ONLIHM ;H> ?F?=NLIHM >I?M ; H?ONL;F ;NIG |@ ?;=B =IHN;CH

[JJ?L ;H ?R=?FF?HN =IH>O=NIL I@ B?;N B;M NQI CMI\jB2M O 2M?
NB? @IFFIQCHA CH@ILG;NCIH NI =;F=0OF;N? NB? ;P?L;A? ;NIGC= G;MM |@ =

Isotope | Percent Abundance (%)| Atomic Mass (amu)

@)

(@)
OCFC=IH =IHMCMNM I@ NBL?? CMINIJ?M QCNB NB? @IFFIQCHA J?L=7?HN ;<

Isotope | Percent Abundance (%)| Atomic Mass (amu)

0oC

0oC

0C

;F=OF;N? NB? ;P?L;A? ;NIGC= G;MM |I@ MCFC=IH
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&MINII?M ;H> NIGC=*;MM?M

IGIJF?N? NB? @IFFIQCHA N;<F? @IL H?IH 1B? ;P?L;A? ;NIGC= G;MM 1@ H?IF

;GO
Isotope | Percent Abundance (%)| Atomic Mass (amu)
+?
+?
+?
L?  9;H> 9CMINIJ?M I@ NB? M;G? ?F?G?HN "RJF;CH SIOL ;HMQ?L

IGJF?N? NB? @IFFIQCHA N;<F?

Number of Number of Number of
Isotope
Protons Neutrons Electrons
5
2
IGIJF?N? NB? @IFFIQCHA N;<F?
Isotone Number of Number of Number of
P Protons Neutrons Electrons
#?
5
0

2MCHA ; G;MM MJ?=NLIG?N?L ; M=C?HNCMN >?N?LGCH?> NB? J?L=?HN ;<(
NB? CMINIJ?M |@ MOF@OL NI<? 0 @Il@IL 0 ;H> @IL 0 2M?
NB? ;NIGC= G;MM |@ MOF@OL @LIG NB? J?LCIBINRI<F?JIPF>CR %
2LCI>C=1<F? 1@ "F?2G?HNIMNB? @IFFIQCHA ;NIGC= G;MM?M NI >?N?LGCH
QB?NB?L NB?M? >;N; ;L? ;==OL;N? ;MMOGCHA NB;N NB?M? ;L? NB? IHFS CN\
MOF@OL GO @IL O GO @IL 0 :H> GO @IL

0

1B? J?L=7?HN ;<OH>;H=?M |@ NQI I@ NB? NBL?? CMINIJ?M |@ IRSA?H ;L?

, H> @IL , 2M? NB? ;NIGC= G;MM |@ IRSA?H ACP?H CH NB? J?LCI
N;<F? MB.JIN?L  JJ?H>CR % -?LCI>C=1;<F? I@ "F?G?HNMIB?
@IFFIQCHA >;N; NI >?N?LGCH? NB? G;MM 1@G0 @IL , H>

;GO @IL ,

4BC=B ?F?G?HN B;M NB? BCAB?L JLIJILNCIH <S G;MM CH +;&
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4BC=B ?F?G?HN B;M NB? BCAB?L JLIJILNCIH <S G;MM CH (L

&MINII?M ;H> NIGC=*;MM?M



B;IJN?L &HNLI>O=NCIH NI

B?GCMNLS

1.7 Introduction to the Periodic Table

LIQ I@ ?F?G?HNM CH NB?
J?LCI>C= N;<F?

P?LNC=;F =IFOGH |@ ?F?G7
CH NB? J?LCI>C= N;<F? "F?G
QCNB MCGCF;L =B?GC=;F
JLIJ?LNC?M L?MC>? CH NB?
ALIOJ

HS ?F?G?HN CH ALIOJM

A CHNB? J?LCI>C= N;<F?
1B?M? ALIOJIM =IHN;CH G?N;
M?GCG?N;FM ;H> HIHG?N;F

HS ?F?G?HN CH ALIOJM ~ (
NB? J?LCI>C=N;<F? FFI1@ N
NL;HMCNCIH ?F?G?HNM ;L?

HS ?F?G?HN NI NB? F?@N I
TCAT;AFCH? CHNB? J?LCI>
NB;N LOHM @LIG <ILIH NI

;MN;NCH? FF G?N;FM ?R=2?J
G?L=0LS ;L? MIFC>M ;N LIIG
N?GJ?L;NOL? ;H> JL?MMOL?

HS ?F?G?HN NI NB? LCABN |
TCAT;AFCH? CHNB? J?LCI>
NB;N LOHM @LIG <ILIH NI

;MN;NCH? +IHG?N;FM G;S <7
MIFC>M FCKOC>M IL A;M?M
N?GJ?L;NOL? ;H> JL?MMOL?

HS ?F?G?HN NB;N FC?M ;>D
NI NB? TCAT;A FCH? CH NB?
J?LCI>C= N;<F? NB;N LOHM ¢
<ILIH NI ;MN;NCH? 0?GCG?N
;FMI =, FF?> G?N;FFIC>M ?R
JLIJ?LNC?M CHN?LG?>C;N?
<?NQ??H NBIM? 1@ G?N;FM ;
HIHG?N;FM

1B? ;<CFCNS NI <? JOFF?>C
QCL?M *?N;FM ;L? >O=NCF?
QB?L?;M HIHG?N;FM ;L? OM(
<LCNNF?

1B? ;<CFCNS NI <? B;GG?L?>|
JL?MM?> CHNI NBCH MB??N
@ICFM *?N;FM ;L? G;FF?;<F7
QB?L?;M HIHG?N;FM ;L? OM(
<LCNNF?

%;PCHA ; MBCHS ;JJ?;L;H="
*?N;FM ;L? FOMNLIOM QB~?L
HIHG?N;FM ;L? HIN

F\dBI

v

I~
I

" LEARNING OBJECTIVE

?HNM

" 11 <?=I1G? @;GCFC;L QCNB NB? ILA;HCT;NCIH I@ NB? J?LCI>C= N;<F?

H>

1B? ?F?G?HNM ;L? ;LL;HA?>pE€Hodic table #CAOL?  1B? -?LCI>C=1;<F?
QCHA NB? "F?G?HNM CH ,L>?L |@ &HSERMMCPBSIN?L ~ JJ?H>CR %
2LCI>C=1:<F? 1@ "F?G?HRRC=B CM JLI<;<FS NB? MCHAF? GIMN CGJILN;HN F?;

CHC> CH =B?GCMNLS &N MOGG;LCT?M BOA? ;GIOHNM I@ CH@ILG;NCIH ;<ION N

B’)’? ;S NB;N J?LGCNM SIO NI JL?>C=N G;HS |@ NB?CL JLIJ?LNC?M ;H> =B?GC=;F |

MPHE2G2HNM L2 :LL:HA?> CH M?P?H BILCTIHN:F LIQM CH IL>?L |@ CH=L?;MC

D MEIG<?L @LIG F?@N NI LCABN ;H> NIJ NI <INNIG 1B? LIQperidls;FER>

CNBYS ;L? HOG<?L?> @LIG NI 1B? ?F?G?HNM ;L? MN;=E?> CH MO=B ; Q;S NB;N

N ?F?G?HNM QCNB MCGCF;L =B?GC=;F JLIJ?LNC?M @ILG P?LNGgnsup-OGHM =;
HOG<?L?> @LIG NI IF>?L J?LCI>C= N;<F?M OM? ; MSMN?G <;M?> IH LIG;H
HOG?L;FM $LIOJIM ;H> 7 :L? NBRain group elements FCMN?> GH

o'f32L Ni<F?M S$LIOJM ~ ;L? CH NB? GC>>F? |@ NB? J?LCI>C= N;<F? ;H>;L? NB?

c-trargition elements  FCMN?> OH IF>?L N;<F?M 1B? NQILIQM I@ ?F?G?HNM ;N
NB? <INNIG I@ NB? J?LCI>C= N;<FB+22833./H> NB*->383./0BIM?

_'\.Pll\l/l’ksgNCIHM CH NB? J?LCI>C= N;<F? ;L? CH>C=N?>CH ALIOJ  GIL? =IGJL?B?H]

N PM=LCINCIH @ NB? J?LCI>C= N:<F? BMNRIOHEB2H?LCI>C= 1;<F? ;H>

-?2LCI>C= 1L?H>M
=?HN

petals, Nonmetals, and Semimetals

‘FM

BC<CN

1B? B?;PS IL;HA? TCAT;A FCH? LOHHCHA >C;AIH:FFS @LIG NB? 0JJ?L F?@N NI

H3 CABN NBLIOAB ALIOIJM "%CQAODL? 1B? -?LCI>C= 1:<F? O0BIQCHA NB?

"F?G?HNM CH ,L>?L |@ &H=L2NPER’M NB? ?F?G?HMNBa$INICH <FO? <?FIQ

HNH> NI NB? F?@N 1@ NB? Fadittngtils CH <LIHT? ;<IP? ;H> NI NB? LCABN I@ NB
FCH? M SIO GCABN ?RJ?=N ?F?G?HNM =IFIL?> CH AIF> NB;N FC? ;FIHA NB? >(

FRBC<CN JLIJ?LNC?M CHN?LG?>C;N? <?NQ??H G?N;FM ;H> HIHG?N;FM NB?S ;|
semimetals

IL

M IL
1B? >CMNCH=NCIH <?NQ??H G?N;FM ;H> HIHG?N;FM CM IH? |@ NB? GIMN @OH

FE3?GCMNLS *?N;FM_MO=B ;M =13J?L IL AIF>_;L? All> =IH>O=NILM |@ ?F?=NLC=(
B?;N NB?S =;H <? JOFF?> CHNI QCL?M <?=;OM®NB?SNE?S =;H <?
B;GG?L?> IL JL?MM?> CHNI NBCH MB??NM IL @ICFM <malé4bNB? 3t ?

"NSIMN B;P? ; MBCHS ;JJ?;L;H=? MINBRSttdus 1B? P;MN G;DILCNS I@ NB?
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B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

EHIQH ?F?G?HNM ;L? G?N;FM ,@ NB? G?N;FM IHFS G?L=0LS CM ; FCKOC> ;N L
N?GJ?L;NOL? ;H>JL?MMOL? ;FF NB? L?MN ;L? MIFC>M

+IHG?N;FM CH =IHNL;MN ;L? A?H?L;FFS JIIL =IH>O=NILM 1@ B?;N ;H> ?F?=NLC=
;L? HIN FOMNLIOM +IHG?N;FM =;H <? A;M?M MO=B ;M =BFILCH? FCKOC>M MC
<LIGCH? IL MIFC>M MO=B ;M CI>CH? ;N LIIG N?GJ?L;NOL? ;H> JL?MMOL? *IMN
HIHG?N;FM ;L.23>>aVll NB?S <L?;E CHNI MG;FF JC?=?M QB?H BCN QCNB ; B;GG?I
JOFF?> CHNI ; QCL? M ?RJ?=N?> M?GCG?N;FM ?RBC<CN JLIJ?LNC?M CHN?LG
<?NQ7??H G?N;FM ;H> HIHG?N;FM

&HNLI>O=NCIH NI NB? -?LCI>C= 1;<F?



B;IJN?L &HNLI>O=NCIH NI

HS ?F?G?HN CH ALIOJ 1@ N
J?LCI>C= N;<F?

HS ?F?G?HN CH ALIOJ 1@ N
J?LCI>C= N;<F?

I?LCP?> @LIG NB? $L?7E @IL

"M;FN @ILGCHA a ;H ?F?G?H
ALIOJ 1@ NB? J?LCI>C=N;<
HS ?F?G?HN CH ALIOJ 1@ |
J?LCI>C=N;<F? FF;L?

OHL?;=NCP? GIH;NIGC= A;M7M

LIIG N?GJ?L;NOL? ;H>
JL?MMOL?

B?GCMNLS

EXAMPLE 7

;M?> |H CNM JIMCNCIH CH NB? J?LCI>C= N;<F? >I SIO ?RJ?=N M?F?HCOG NI
G?N;F ; HIHG?N;F IL ; M?GCG?N;F

Given: ?F?G?HN

Asked for: =F;MMC@C=;NCIH

Strategy:

#CH> M?F?HCOG CH NB? J?LCI>C= N;<ECMBILQH CiB? -?LCI>C= 1;<F?

OBIQCHA NB? "F?G?HNM CH ,L>?L 1@ &HF2;NEHA=F;,MMC@S NB? ?F?G?HN
;==IL>CHA NI CNM FI=;NCIH

Solution:

1B? ;NIGC= HOG<?L |@ M?F?HCOG CM QBC=B JF;=?M CN CH J?LCI> ;H> Al

&H#CAOL?  1B? -?LCI>C=1:<F? OBIQCHA NB? "F?G?HNM CH ,L>?L |@
&H=L?;:MCHM?F?HCOG FC?M ;<IP? ;H> NI NB? LCABN I@ NB? >C;AlH;F FCH?
G;LECHA NB? <IOH>;LS <?NQ??H G?N;FM ;H> HIHG?N;FM MI CN MBIOF> <?;
HIHG?N;F +IN? BIQ?P?L NB;N <?=;0M? M?F?HCOG CM =FIM? NI NB? G?N;F
HIHG?N;F >CPC>CHA FCH? CN QIOF> HIN <? MOLJLCMCHA C@ M?F?HCOG (
NI ; M?GCG?N;F CH MIG? |@ CNM JLIJ?LNC?M

"R?L=CM?

:M?>|H CNM FI=;NCIH CH NB? J?LCI>C= N;<F? >| SIO ?RJ?=N CH>COG NI <?;
HIHG?N:F ;: G?N;F IL; M?GCG?N;F

Answer: G?N;F
B?

BDescriptive Names

M Q? HIN?> NB? J?LCI>C= N;<F? CM ;LL;HA?> MI NB;N ?F?G?HNM QCNB MCGCEF

E‘OQ?B;PCILM :L? CHNB? M;G? ALIOJ B?GCMNM I@N?H G;E? A?H?L;F MN;N?G?HN
‘JLIJ?LNC?M I@ NB? ?F?G?HNM CH ; ALIOJ OMCHA >?M=LCJNCP? H;G?M QCNB |

NBE.CACHM #IL ?R;GJF? NB? ?F?G?HNM 1@ ALIOJ ;L? EHilligadi e

ALIOJ ;L? NBalkaline earth metals  ALIOJ ;L? NBhalogens ;H> ALIOJ

Il\JJ’ NBPoble gases

&HNLI>O=NCIH NI NB? -?

LCI>C= 1;<F?
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The Alkali Metals

1B? ;FE;FC G?N;FM ;L? FCNBCOG MI>COG JIN;MMCOG LO<C>COG =?MCOG ;!
%S>LIA?H CM OHCKO? CH NB;N CN CM A?H?L;FFS JF;=7?> CH ALIOJ <ON CN CI

1B? =IGJIOH>M |I@ NB? ;FE;FC G?N;FM ;L? =IGGIH CH H;NOL? ;H>>,CFS FC@? ,}
?R;GJF? CM N;<F? M;FN MI>COG =BFILC>? FCNBCOG =IGJIOH>M ;L? OM?> CH
<;NN?LC?M ;H>;M >LOAM NI NL?;N J;NC?HNM QBI ?RBC<CN G;HC=>?JL?MMCP
<?B;PCIL FNBIOAB FCNBCOG LO<C>COG ;H>=?MCOG ;L? L?F;NCP?FS L;L? Ct
@L;H=COG CM MI OHMN;<F? ;H> BCABFS L;>Cl;=NCP? NB;N CN ?RCMNM CH IHF
MI>COG ;H> JIN;MMCOG ;L? NB? M?P?HNB ;H> ?CABNB GIMN ;<OH>;HN ?F?G?H|
";LNBbM =LOMN L?MJ?=NCP?FS

The Alkaline Earth Metals

1B? ;FE;FCH? ?;LNB G?N;FM ;L? <?LSFFCOG G;AH?MCOG =;F=COG MNLIHNCO
‘H>L;>COG ?LSFFCOG MNLIHNCOG ;H><;LCOG ;L? L;NB?LL;L? ;H>L;>COG C
OHMN;<F? ;H> BCABFS L;>Cl;=NCP? &H =IHNL;MN =;F=COG ;H> G;AH?MCOG ;L"
:H>MCRNB GIMN ;<OH>;HN ?F?G?HNM IH ";LNB L?MJ?=NCP?FS NB?S ;L? @IOF
>?JIMCNM |@ FCG?MNIH? ;H> INB?L GCH?L;FM

The Halogens

1B? B;FIA?HM ;L? @FOILCH? =BFILCH? <LIGCH? CI>CH? ;H>:MN;NCH? 1B? H;!
2+691/&M >?LCP?> @LIG NB? $L??E @IL "M;FN @ILGCHA a QBC=B L?@F?=NM N
B;FIA?HM L?;=N L?;>CFS QCNB G?N;FM NI @ILG =IGJIOH>M MO=B ;M MI>COG =|
=F=COG =BFILC>? OM?>CH MIG? ;L?;M :M LI;> M;FN

IGJIOH>M NB;N =IHN;CH NB? @FOILC>? CIH ;L? ;>>?> NI NIINBJ;MN? ;H> NB? Q;I
MOJJFS NI JL?P?HN >?HN;F =;PCNC?M #FOILCH? CM ;FMI @IOH> CH 1?@FIH =I.
ECN=B?H ON?HMCFM FNBIOAB =BFILI@FOILI=;L<IH JLIJ?FF;HNM ;H> L?@LCA?
<?FC?P?> NI F?;> NI NB? >?JF?NCIH 1@ ";LNBbM ITIH? F;S?L ;H> =IHN;CH <INB @
;H>=BFILCH? NB? F;NN?L CM L?MJIHMC<F? @IL NB? ;>P?LM? ?@@?=N IH NB? |
LIGCH? ;H> CI>CH? ;L? F?MM ;<OH>;HN NB;H =BFILCH? ;H> ;MN;NCH? CM MI L;>
NB;N CN ?RCMNM CH IHFS H?AFCAC<F? ;GIOHNM CH H;NOL?

The Noble Gases

1B? HI<F? A;M?M ;L? B?FCOG H?IH ;LAIH ELSJINIH R?HIH ;H>L;>IH ?=0M? NE
HI<F? A;M?M ;L? =IGJIM?> 1@ IHFS MCHAF? ;NIGMndIE2&mi® N LIIG
N?GJ?L;NOL? ;H>JL?MMOL? NB?S ;L? OHL?;=NCP? A;M?M ?=;0M? |@ NB?CL F

?2=C?M = : . ?
mCTMARNCHCHA: MCRARS _NCPCNS @IL G;HS S?;LM NB?S QL2 =;FF?> CH2LN A;M?M IL LiL? A;M?M %

&HNLI>O=NCIH NI NB? -?LCI>C= 1;<F?
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@CLMN =B?GC=;F =IGJIOH>M =IHN;CHCHA NB? HI<F? A;M?M Q?L? JL?J;L?> CH
FNBIOAB NB? HI<F? A;M?M ;L? L?F;NCP?FS GCHIL =IHMNCNO?HNM I@ NB? ;NG
H;NOL;F A;M =IHN;CHM MO<MN;HNC;F ;GIOHNM |I@ B?FCOG ?=;0M? |@ CNM FI
;LAIH CM I@N?H OM?> ;M ;H OHL3BAKNGEIMIB?L? @IL Q?F>CHA ;H> CH FCABN
<OF<M 1B? L?> FCABN ?GCNN?> <S H?IH CH ; A;M >CM=B;LA? NO<? CM OM?> C

Note the Pattern

1B? HI<F? A;M?M ;L? OHL?;=NCP? ;N LIIG N?GJ?L;NOL? ;H> JL?MMOL?

Summary

1B? J?LCI>C= N;<F? CM ;H ;LL;HA?G?HN |I@ NB? ?F?G?HNM CH IL>?L |@ CH=L"
‘NIGC=HOG<?L "F?G?HNM NB;N ?RBC<CN MCGCF;L =B?GCMNLS ;JJ?;L CH P~
=IFOGHM =;FgrPoups HOG<?L?> » @LIG F?@N NI LCABN NB? M?P?H BILCTIH
LIQM ;L? =;FFperiods 0IG? |@ NB? ALIOJM B;P? QC>?FS OM?> =IGGIH H;G?M
CH=FO>CHAaMBIPmetals ALIOJ ;H> NBalkaline earth metals ALIOJ

IHNB? @;L F?@N ;HwNBeéns ALIOJ ;H>NB?noble gases ALIOJ IH

NB? @;L LCABN 1B? ?F?G?HNM =;H <? <LI;>FS >@&@as?rdrietals ;H>
semimetals 0?GCG?N;FM ?RBC<CN JLIJ?LNC?M CHN?LG?>C;N? <?NQ??H NBIN
G?N;FM ;H> HIHG?N;FM *?N;FM ;L? FI=;N?>IH NB? F?@N 1@ NB? J?LCI>C= N;<
HIHG?N;FM ;L? FI=;N?> IH NB? OJJ?L LCABN 1B?S ;L? M?J;L;N?><S ; >C;AlH;F
<:H> 1@ M?GCG?N;FM *?N;kMtrb2s All>=IH>O=NILM I@ ?F?=NLC=CNS ;H>
L?;>CFS MB;J?> NB?3Iictile ;H>malleable QB?L?;M MIFC> HIHG?N;FM ;L?
A?H?L;FFS <LCNNF? ;H> JIIL ?F?=NLC=;F =IH>O=NILM ,NB?L CGJILN;HN ALIOJ
?F?G?HNM CH NB? J?LCI>C= N;<RPajbgNBp elements NB?ransition

metals NB? F;HNB;HC>?M ;H> NB? ;=NCHC>?M

KEY TAKEAWAY

X 1B? J?LCI>C= N;<F? CM OM?> ;M ; JL?>C=NCP? NIIF

&HNLI>O=NCIH NI NB? -?LCI>C= 1;<F?
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CONCEPTUAL PROBLEMS

F,MMC@S ?;=B ?F?G?HN CH IH=?JNO;F QP<RKO3H &MINII?M ;H>
NIGC=*MM?MM ; G?N;F ; HIHG?N;F IL ; M?GCG?N;F &@ ; G?N;F MN;N?
QB?NB?L CN CM ;H ;FE;FC G?N;F ;H ;FE;FCH? ?;LNB G?N;F IL ; NL;HMCNCIH

F;MMC@S ?;=B ?F?G?HN CH IH=?JNO;F QP <RKG3H &MINIJ?M ;H>
NIGC=*MM?MM ; G?N;F ; HIHG?N;F IL ; M?GCG?N;F &@ ; G?N;F MN;N?
QB?NB?L CN CM ;H ;FE;FC G?N;F ;H;FE;FCH? ?;LNB G?N;F IL ; NL;HMCNCIH

FMMC@S ?;=B ?F?G?HN ;M ; G?N;F ; M?GCG?N;F IL ; HIHG?N;F &@ ; G?N;}
QB?NB?L CN CM ;H ;FE;FC G?N;F ;H ;FE;FCH? ?;LNB G?N;F IL ; NL;HMCNCIH

CLIH
N;HN;FOG
MOF@OL
MCFC=IH

? =BFILCH?
@ HC=E?F

A JIN;MMCOG
B L:>IH

C TCL=IHCOG

DV oA

4BC=B |@ NB?M? M?NM |I@ ?F?G?HNM ;L? ;FF CH NB? M;G? J?LCI>

JIN;MMCOG P;H;>COG ;H>LONB?HCOG
FCNBCOG =;L<IH ;H>=BFILCH?
MI>COG G;AH?MCOG ;H> MOF@OL
=BLIGCOG HC=E?F ;H> ELSJNIH

AV | DA

4BC=B |@ NB?M? M?NM |I@ ?F?G?HNM ;L? ;FF CH NB? M;G? J?LCI>

<;LCOG NOHAMN?H ;H>;LAIH
SNNLCOG TCL=IHCOG ;H> M?F?HCOG
JIN;MMCOG =;F=COG ;H>TCH=
M=;H>COG <LIGCH? ;H> G;HA;H?M?

V i N

4BC=B |@ NB?M? M?NM |@ ?F?G?HNM ;L? ;FF CH NB? M;G? ALIOJ

MI>COG LO<C>COG ;H><;LCOG
HCNLIA?H JBIMJBILOM ;H><CMGONB
=[JJ?L MCFP?L ;H> AIF>

G;AH?MCOG MNLIHNCOG ;H> M;G;LCOG

AV | A

4BC=B |@ NB?M? M?NM |@ ?F?G?HNM ;L? ;FF CH NB? M;G? ALIOJ
; CLIH LONB?HCOG ;H>IMGCOG

&HNLI>O=NCIH NI NB? -?LCI>C= 1;<F?
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< HC=E?F J;FF;>COG ;H>F?;>
= CI>CH? @FOILCH? ;H>IRSA?H
> <|LIH ;FOGCHOG :;H> A;FFCOG

&H>C=;N? QB?NB~?L ?;=B ?F?G?HN CM ; NL;HMCNCIH G?N;F ; B;FIA?H IL ; HI

G:HA;H?M?
CLC>COG
@FOILCH?
R?HIH
FCNBCOG
@ =;L<IH

A TCH=

B MI>COG
C N;HN;FOG
D B;@HCOG
E ;HNCGIHS
F =>GCOG

NNV |1 A -

4BC=B |@ NB? ?F?G?HNM CH>C=;N?> CH =IFIL CH NB? J?LCI>C= N;<F? MBIC
GIMN FCE?FS NI ?RCMN ;M ; GIHI;NIGC=A;M M ; >C;NIGC=A;M 4BC=B CM C
FCE?FS NI <?; M?GCG?N;F L?;=NCP? G?N;F

;M?> |H NB?CL FI=;NCIHM CH NB? J?LCI>C= N;<F? QIOF> SIO ?RJ?=N NB?M
NI <? G;FF?;<F? 4BS IL QBS HIN

JBIMJBILOM
=BLIGCOG
LO<C>COG
=1JJ?L

? ;FOGCHOG
@ <CMGONB
A H?I>SGCOG

DNV oA

;M?> I|H NB?CL FI=;NCIHM CH NB? J?LCI>C= N;<F? QIOF> SIO ?RJ?=N NB?M
NI <? FOMNLIOM 4BS IL QBS HIN

MOF@OL
P;H;>COG
HC=E?F
;LM?HC=

vV i A

&HNLI>O=NCIH NI NB? -?LCI>C= 1;<F?
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? MNLIHNCOG
@ =?LCOG
A MI>COG

Symbol Type

#? G?N;F NL;HMCNCIH G?N;F
1; G?N;F NL;HMCNCIH G?N;F
0 HIHG?N;F

oC M?GCG?N;F

F HIHG?N;F B;FIA?H

O G?N;F NL;HMCNCIH G?N;F
( G?N;F ;FE;FC G?N;F

H HIHG?N;F HI<F? A;M

7L G?N;F NL;HMCNCIH G?N;F

&HNLI>O=NCIH NI NB? -?LCI>C= 1;<F?
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1.8 Essential Elements for Life

LEARNING OBJECTIVE

11 OH>?LMN;H> NB? CGJILN;H=? |@ ?F?G?HNM NI HONLCNCIH

,@ NB?;JILIRCG;N?FS ?F?G?HNM EHIQH IHFS NB? BCABFCABN?>CH JOLJI
#CAOL?  1B? "MM?HNC;F "F?G?HNM CH NB? -?LCL2C<=MIRBRN?FS L?KOCL?> C}
NB? BOG;H >C?N 1B?M? ?F?G?HNMsseRi&Pelements _;L? L?MNLC=N?> NI NB?
@CLMN @IOL LIQM 1@ NB? J?LCI>CB;INRQE? MII?H>CR % -?LCI>C=1;<F? @
"F?G?HNMQCNB IHFS NQI IL NBL?? ?R=?JNCIHM GIFS<>?HOG CI>CH? ;H> JIMN
NCH CH NB? @C@NB LIQ 0IG? INB?L ?F?G?HNM ;L? ?2MM?HNC;F @IL MJ?=C@C
?R;GJF? <ILIH CM L?KOCL?> @IL NB? ALIQNB 1@ =?LN;CH JF;HNM <LIGCH? CM
>CMNLC<ON?> CH G;LCH? ILA;HCMGM ;H> NOHAMN?H CM H?=?MM;LS @IL MIC
GC=LIILA;HCMGM

317</ &2/ ==/8>3+6 6/7/8>= 38 >2/"/<39.3- &+,6/

6/7/8>= >2+> +</ 589A8 >9 ,/ /==/8>3+6 09< 2?7+8 630/ +</ =29A8 38 :?<:6/ /6/7/8>= >2+> +</ =?11/=>/. >
[==/8>3+6 +</ =29A8 38 1<//8 6/7/8>= 89> 589A8 >9 ,/ /==/8>3+6 +</ =29A8 38 1<+C

HS I@ NB? ?F?G?HNM NB;N ;L?
<MIFON?FS L?KOCL?> CH N3’7
BOG;H>C?N @IL MOLPCP:F W E; N G:E?M :H ?F?G?HN “?MM?HNC:Fa S >?@CHCNCIH :H ?MM?HNC:F ?F?G?H

:>>CNCIH;F M?P?H ?F?G?HN
NBIOABN NI <? 2MM?HNC:F @”gM L?KOCL?> @”_ FC@') ‘H> QB|M7 <M?H=? L?MOFNM CH >?; ‘NB ?= OM7 |@ NI

BOG;HM >C@@C=0FNC?M CHPIFP?> CH JLI>O=CHA >?@C=C?H=C?M M?P?L? ?HIOAB N
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?MJ?=C;FFS @IL ?F?G?HNM NB;N ;L? L?KOCL?> CH P?LS FIQ =IH=?HNL;NCIHM C
MIG?QB;N <LI;>?L >?@CHCNCIH CM A?H?L;FFS OM?> H ?F?G?HN CM =IHMC>?|
?MM?HNC;F C@ ; >?@C=C?H=S =IHMCMN?HNFS =,0M?M ;<HILG;F >?P?FIJG?HN
;H>C@ >C?N;LS MOJIF?G?HN;NCIH |@ NBH8.Z8BE?HN-> /6/7/8?P?HNM NBCM
>P?LM? ?2@@7?=N 0=C?HNCMNM >?N?LGCH? QB?NB~?L ;H ?F?G?HN CM ?MM?H
=BC=EM ;H>INB?L ;HCG;FM IH ; MSHNB?NC=>C?N NB;N B;M <??H =;L?@OFFS ;|
MOJJF?G?HN?> QCNB ;==?JN;<F? F?P?FM 1@ /I 2 REZ?PRIG ?HN 1@ CHN?L?MN
" 2FNL;=F?;H ?HPCLIHG?HNM CH QBC=B JF;MNC= =;A?M ;L? OM?> ;H> >0OMN (
CM =,L?@OFFS L?GIP?> GCHCGCT? CH;>P?LN?HN =IHN;GCH;NCIH &@ NB? ;HC
HILG;FFS IH ; >C?N NB;N CM ;M FIQ ;M JIMMC<H32/&'QVBAIN ;H ?MM?HNC;F
?F?G?HIKNB? >C?N CM HIN S?N <?FIQ NB? GCHCGOG L?KOCL?> =IH=?HNL;NCI|
;HCG;FM >| HIN ALIQ HILG;FFS IH ; FIQ ">C?N NB?H NB?CL >C?NM ;L? MOJJF?G’
QCNB " OHNCF ; F?P?F CM L?;=B?> ;N QBC=B NB? ;HCG;FM ALIQ HILG;FFS 1BCN\
73837?7 </;?3</. 38>+E@ ?F?G?HN "

Classification of the Essential Elements

1B? ;JILIRCG;N? ?F?G?HN;F =IGJIMCNCIH |@ ; B?;FNBS EA F< ;>OFN BOG;
FCMN?418H?  JILIRCG;N? "F?G?HN;F IGJIMCNCIH I@ ; 1SJC=;F EA %OG;H
+IN? NB;N GIMN FCPCHA G;NN?L =IHMCMNM JLCG;LCF& 68 /BNt =;FF?>
IRSA?H =;L<IH BS>LIA?H HCNLIA?H ;H> MOF@OL_NB? <OCF>CHA <FI=EM 1@ |
=IGJIOH>M NB;N =IHMNCNON? IOL ILA;HM ;H> GOM=F?M 1B?M? @CP? ?F?G?HN
=IHMNCNON? NB? <OFE |@ IOL >C?N N?HM I@ AL;GM J?L >;S ;L? L?KOCL?> @IL
INB?L ?F?G?HNM_MI>COG G;AH?MCOG JIN;MMCOG =;F=COG =BFILCH? ;H>
JBIMJBILOM_;L? I@N?H L?@?LL7A+NIQKB8/<+6-2=;0M? NB?S JLIPC>? ?MM?HNC;F
CIHM CH <I>S @FOC>M ;H> @ILG NB? G;DIL MNLO=NOL;F =IGJIH?HNM I@ NB? <
;>>CNCIH JBIMJBILOM CM ; E?S =IHMNCNO?HN I@ <INB !+ ;H>/+ NB? A?H?NC-
<OCF>CHA <FI=EM |@ FCPCHA ILA;HCMGM 1B? MCR G;=LIGCH?L;FM ;L? JL?M?
CH MIG?QB;N MG;FF?L ;GIOHNM NB;H NB? <OFE ?F?G?HNM MI =ILL?MJIH>CHAI
F?P?FM ;L? L?KOCL?> CH NB? >C?N 1B? L?G;CHCHA ?MM?HNCGE&E?2F?G?HNM_=.
16/7/8>=;L? JL?M?HN CH P?LS MG;FF ;GIOHNM L;HACHA @LIG ; @?Q AL;GM NI ;
GCFFCAL;GM CH ;H ;>OFN BOG;H #CH;FFS G?;MOL;<F? F?P?FM I@ MIG? ?F?G"
@IOH> CH BOG;HM <@SL7ZKOCL?> @IL ALIQNB IL All> B?;FNB "R;GJF?M ;L?
LO<C>COG ;H> MNLIHNCOG QBIM? =B?GCMNLS CM MCGCF;L NI NB;N I@ NB? ?
CGG?>C;N?FS ;<IP? NB?G CH NB? J?LCI>C= N;<F? JIN;MMCOG ;H> =;F=COG L7
QBC=B ;L? ?MM?HNC;F ?F?G?HNM ?=;0M? NB? <I>SbM G?=B;HCMGM @IL ?RN
JIN;MMCOG ;H> =;F=COG @LIG @II>M ;L? HIN M?F?=NCP? MG;FF ;GIOHNM I@
LO<C>COG ;H> MNLIHNCOG QBC=B B;P? HI EHIQH <CIFIAC=;F @OH=NCIH ;L?;

1;<F?  JILIRCG;N? "F?G?HN;F IGJIMCNCIH 1@ ; 1SJC=;F EA %OG;H

Bulk Elements (kg) | Macrominerals (g)

"MM?HNC;F "F?G?HNM @IL )C@?
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IRSA?H =F=COG
=;L<IH JBIMJBILOM
BS>LIA?H JIN;MMCOG
HCNLIA?H =BFILCH?
MOF@OL MI>COG
G;AH?MCOQ

Trace Elements (mg)

CLIH F?2:>
MCFC=IH <LCOG

TCH= GIFS<>?HOG
LO<C>COG <ILIH

=13J7L :LM?HC= Vv
MNLIHNCOG =I<;FN Vv
<LIGCH? =BLIGCOG | V
NCH HC=E?F Vv
G;HA;H?M? M?F?HCOG | V
CI>CH? FCNBCOG | V
:FOGCHOG P;H;>COG | V

The Trace Elements

?=,0M? CN CM >C@@C=0OFN NI >?N?=N FIQ F?P?FM I@ MIG? ?MM?HNC;F ?F?G
?F?G?HNM Q?L7? L?F;NCP?FS MFIQ NI <? L?=IAHCT?> ;M ?MM?HNC;F &LIH Q;M |

NB =?HNOLS ;H?GC; Q;M JLIP?> NI <? =,0M?> <S ;H CLIH >?@C=C?H=S ;H> |@N
=0L?> <S MOJJF?G?HNCHA NB? >C?N QCNB ?RNL;=NM 1@ LOMNS H;CFM &N Q

NB =?HNOLS BIQ?P?L NB;N NL;=? ;GIOHNM I@ CI>CH? Q?L? @IOH> NI ?FCGC}
;H ?HF;LA?> NBSLIC> AF;H> 1BCM CM QBS =IGGIH N;<F? M;FN CM "CI>CT?>a ;
;GIOHN 1@ CI>CH? CM ;>>?> |JJ?L Q;M MBIQH NI <? ?MM?HNC;F @IL BOG;HM C
;H> G;HA;H?M? TCH= ;H> =I<;FN MIIH ;@N?L NB;N *IFS<>?HOG Q;M HIN EHIQH I
;H?MM?HNC;F ?F?G?HN OHNCF ;H>NB? H??> @IL =BLIGCOG M?F?HCOG P
@FOILCH? ;H> MCFC=IH Q;M >?GIHMNL;N?> I[HFS CH NB? F;MN S?;,LM &N M??
CH NB? @ONOL? INB?L ?F?G?HNM JIMMC<FS CH=FO>CHA NCH QCFF <? @IOF
P?LS FIQ F?P?FM

"MM?HNC;F "F?G?HNM @IL )C@?
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*HS =IGJIOH>M I@ NL;=? ?F?G?HNM MO=B ;M ;LM?HC= M?F?HCOG ;H> =BLIGC
NIRC= ;H> =;H ?P?H =;,0M? =;H=?L S?N NB?M? ?F?G?HNM ;L? C>?HNC@C?> ;M *
?F?G?HNMECAOL?  1B? "MM?HNC:F "F?G?HNM CH NB? -?LGFC@L&FRB?L?
CM MIG? ?PC>?H=? NB;N IH? <;=N?LCOG B;M L?JF;=7> JBIMJBILOM QCNB ;LM?H
;FNBIOAB NB? @CH>CHA CM =IHNLIP?LMC;F 1BCM B;M IJ?H?> OJ NB? JIMMC<C
"MB;>IQ <CIMJB?L?a IH ";LNB CH QBC=B FC@? ?PIFP?> @LIG ;H ;M S?N OH>?N?:
=IGGIH ;H=?MNIL %IQ =;H ?F?G?HNM NIRC= NI FC@? <? ?MM?HNC;F #CLMN NI
H ?F?G?HN I@N?H >?J?H>M IH CNM =B?GC=;F @ILG_@IL ?R;GJF? IHFS =?LN;C
=IGJIOH>M 1@ =BLIGCOG ;L? NIRC= QB?L?;M INB?LM ;L? OM?> CH GCH?L;F
MOJJIF?G?HNM 0?=IH> ;M MB#QAQGL?  -IMMC<F? [H=?HNL;NCIHM |@ ;H
"MM?HNC;F "E?G?HN CH NBPPC3NPF?G?HN B;M NBL?? JIMMC<F? F?P?FM |@ >C°
CHN;E703-3/8> 9:>37?7H>>9B3:H IL>?L |@ CH=L?;MCHA =IH=?HNL;NCIH CH NB?
3?LS FIQ CHN;E? F?P?FM F?;> NI MSGJNIGM 1@ >?@C=C?H=S ,P?L MIG? L;HA? |
CHN;E? F?P?FM ;H ILA;HCMG CM ;<F? NI G;CHN;CH CNM NCMMO? =IH=?HNL;NC
?F?G?HN ;N ; F?P?F NB;N IINCGCT?M <CIFIAC=;F @OH=NCIHM #CH;FFS ;N MIG
F?P?F NB? HILG;F L?AOF;NILS G?=B;HCMGM ;L? IP?LFI;>?> =;OMCHA NIRC= MS
NI;JJ?;L ;=B ?F?G?HN B;M CNM IQH =B;L;=N?LCMNC= =0OLP? INB NB? QC>NB |
JF;N?;0 ;H> NB? MJ?=C@C= =IH=?HNL;NCIH =ILL?MJIH>CHA NI NB? =?HN?L 1@ N
L?ACIH >C@@?L <S ;M GO=B ;M M?P?L;F IL>?LM 1@ G;AHCNO>? @IL >C@@?L"?!
NB? ;>OFN BOG;H @IL ?R;GJF? NB? L?=IGG?H>?>>;CFS >C?N;LS CHN;E? CM
CLIH » GA1@ =13J?L ;H>F?MM NB;H GA @ =BLIGCOG ;H> M?F?HCOG

Amplification
317</  "9==36/

%IQ =;H ?F?G?HNM NB;N ;L? JL?M?HN CH MO=B GCHOM=0F23- 90 +8
:GIOHNM B;P? MO=B F;LA? 2@ @?=NM IH ;H ILA;HCMGb®3+6 6/7/8>38>2/ 3/>
B?;FNB ,OL EHIQF?>A? |@ NB? J;NBQ;SM <S QBC=B ?;=B
I@ NB? EHIQH NL;=? ?F?G?HNM ;@ @?=NM B?;FNB CM @;L @LIG
=IGJF?N? <ON =?LN;CH A?H?L;F @?;NOL?M ;L? =F?;L 1B?
NL;=? ?F?G?HNM J;LNC=CJ;N7:68D34+>398
G?=B;HCMG NB;N CM NB?S ;L? ?MM?HNC;F =IGJIH?HNM |@
F;LA?L <CIFIAC=;F GIF?=0OF?M NB;N ;L? =;J;<F? 1@
CHN?L;=NCHA QCNB IL L?AOF;NCHA NB? F?P?FM |@, L E;NCRB2ED7 +a.
F:LA? ;:GIOHNM I@ INB?L GIF?=0F?M #IL ?R;GJF? P{EX;GE&I><+>398= +</.300/</8>

=IHN;CHM ; MCHAF? ;NIG 1@ =I<;FN QBC=B CM Mo /F/7/8>=
@IL CNM <CIFIAC=;F @OH=NCIH &@ NB? GIF?=0F? QBIM? F?P?F CM
=IHNLIFF?><S NB? NL;=? ?F?G?HN =;H L?AOF;N? NB? F?P?F |@
:HINB?L GIF?=0F? ;H> GIL? ;H> GIL? GIF?=0F?M NB?H
NB? JIN?HNC;F ?RCMNM @IL ?RNL?G? ;GIJFC@C=;NCIH |@ MG;FF P;LC;NCIHM C
NL;=? ?F?G?HN ,H? Al;F |@ GI>?LH =B?GC=;F L?M?;L=B CM NI ?FO=C>;N? CH >?
LIF?M I@ NB? ?MM?HNC;F ?F?G?HNM &H MO<M?KO?HN =B;JN?LM Q? QCFF CF
L?MOFNM 1@ NBCM L?M?;L=B NI >?GIHMNL;N? NB? <CIFIAC=;F CGJILN;H=? 1@ C
?F?G?HNM ;H> NB?CL =IGJIOH>M

"MM?HNC;F "F?G?HNM @IL )C@?
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Summary

<ION @ NB?;JJLIRCG;N?FS EHIQH ?F?G?HNM ;L? ?MM?HNC;F @IL BOG;H
H essential element CM IH? QBIM? ;<M?H=? L?MOFNM CH ;<HILG;F <CIFIAC=;F
@OH=NCIH IL >?P?FIJG?HN NB;N CM JL?P?HN?> <S >C?N;LS MOJJF?G?HN;NC
NB;N ?F?G?HN )CPCHA ILA;HCMGM =IHN;CH L?F;NCP?FS F;LA? ;GIOHNM 1@ II
=;L<IH BS>LIA?H HCNLIA?H ;H> MOF@OL NB?M? @CP? ?F?G?HNM ;L? EHIQI
<OFE ?F?G?HNM ;FIHA QCNB MI>COG G;AH?MCOG JIN;MMCOG =;F=COG =
;H>JBIMJIBILOM NB?M? MCR ?F?G?HNM ;L? EHIQH ;M G;=LIGCH?L;FM 1B? IN
?MM?HNC;F ?F?G?HNM ;L? NB? NL;=? ?F?G?HNM QBC=B ;L? JL?M?HN CH P?L
KO;HNCNC?M IC?N;LS CHN;E?M |@ ?F?G?HNM L;HA? @LIG >?@C=C?HN NI IJI
NIRC= QCNB CH=L?;MCHA KO;HNCNC?M NB? IINCGOG F?P?FM >C@@~?L AL?
?MM?HNC;F ?F?G?HNM

KEY TAKEAWAY

X 1B? ;<M?H=? |@ MIG? ?F?G?HNM =;H L?MOFN CH ;<HILG;F <CIFIAC=;F @C
IL >?P?FIJG?HN

"MM?HNC;F "F?G?HNM @IL )C@?
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1.9 Essential Skills 1

TOPICS

X *?;MOL?G?HN

X 0=C?HNC@C-= +IN;NCIH
X 0CAHC@C=;HN #CAOL?M
X ==0L;=S ;H>-L?=CMCIH

1BCM M?=NCIH >?M=LC<?M MIG? |@ NB? @OH>;G?HN;F G;NB?G;NC=;F MECFFN\
=IGJIF?N? NB? KO?MNCIHM ;H> JLI<KF?GM CH NBCM N?RN #IL MIG? 1@ SIO NBC]
QCFF M?LP? ;M ; L?PC?Q QB?L?;M INB?LM G;S <? ?H=IOHN?LCHA ;N F?;MN MIG
C>?;M ;H> N?=BHCKO?M @IL NB? @CLMN NCG? 4? QCFF CHNLI>O=? INB?L G;N
CH MO<M?KO?HN "MM?HNC;F OECFFM M?=NCIHM ;M NB? H??> ;LCM?M ? MOL"
QCNB NB? NIJC=M >CM=0OMM?> B?L? <?@ILBINMNMN;&NNIH2O=NCIH NI
B?GCMNLSE I<F?GM

Measurement
Instruments of Measurement



B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

Graduated glasswarg= ?=/. >9 ./63@/< @+<3+,6/ @96?7/= 90 63;?3.

Volumetric glasswarg= ?=/. >9 ./63@/< :3:/>>/ 9<-98>+38 @96?7/><3- 06+=5 + =3816/ @967?7/ +--?<+>/€
0366/. >9 >2/ -+63,<+>398 7+<5

"MM?HNC;F OECFFM
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1B? ;GIOHN I@ MJ;=? 1==0JC
<S: M;GJIF? 1@ G;NN?L

MSMN?G |@ OHCNM <;M?>
G?NLC= OHCNM NB;N L?KOQ
G?;MOL?G?HNM NI <? ?RJL?
CH >?=CG;F @ILG 1B?L?;L?
M?P?H <;M? OHCNM CH NB?
MSMN?G

"MM?HNC;F OECFFM

B?GCMNLS

balance3= ?=/. >9 7/+=?</ 7+==

P;LC?NS |@ CHMNLOG?HNM ;L? ;P;CF;<F? @IL G;ECHA >CL?=N G?;MOL?G?HNI
G;=LIM=1JC=JLIJ?LNC?M 1@ ; =B?GC=;F MO<MN;H=? #IL ?R;GJF? Q? OMO;FFS (
NB%olume 1@ ; FCKOC> M;GJF? QCNB JCI?NN?M <OL?NM AL;>O;N?>=SFCH>'
PIFOG?NLC= @F;MEM QB?L?;M Q? OMO;FFST&X@IRB2 IL FCKOC>
MO<MN;H=? QCNB ; <;F;H=? *?;MOL?G?HNM IH ;H ;NIGC= IL GIF?=0F;L M=;F? C}
=IHNL;MN L?KOCL? MJ?=C;FCT?> CHMNLOG?HN;NCIH MO=B ;M NB? G;MM MJ?:
>?M=LC<?>0CENCIH _ &MINIJ?M ;H> NIGC= *;MM?M

S| Units

FF L?JILN?> G?;MOL?G?HNM GOMN CH=FO>? ;H ;JJLIJLC;N? OHCN I@ G?;MOL?
<?=:0M? NI M;S NB:;N ; MO<MN;H=? B:M ; GIMM I@ a @IL ?R;GJF? >I?M HIN N?F
QB?NB?L NB? G;MM Q;M G?;MOL?> CH AL;GM JIOH>M NIHM IL MIG? INB?L OHC

?>?MN;<FCMB QILF>QC>? MN;H>;L>M @IL NB? =IHMCMN?HN G?;MOL?G?HN 1@ C(
JBSMC=;F ;H> =B?GC=;F JLIJ?LNC?M ;H CHN?LH;NCIH;F <I>S =;FF?> NB? $?H?L;

H IH@?L?H=2 IH 4?CABNM ;H> *?:MOL?M >?PSjsétrmieRternationale dOunitZs

L7gr SI)  1B? &HN?LH;NCIH:F 0SMN?G 1@ 2HCNM CM <;M?> [H G?NLC= OHCNM :+

MNFB:N G?2:MOL?G?HNM <? ?RIL?MM?> CH >?4GGF @085 :M? 2HCNFMCMNM NB?

0 M?P?H <;M? OHCNM |@ NB? 0& MSMN?G ;FF INB?L 0& OHCNM I@ G?;MOL?G?H
@LIG NB?G
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"MM?HNC;F OECFFM

S ;NN;=BCHA JL?@CR?M NI NB? <;M? OHCN NB? G;AHCNO>? |@ NB? OHCN CM
JL?@CR CH>C=;N?M NB;N NB? <;M? OHCN CM GOFNCJFC?> <S ; MJ?=C@C?> JI
JL?@CR?M NB?CL MSG<IFM ;H>NB?CL HOG?LC=;F MCAHCI&E2;H="7;L? ACP?}
-L?@CR?M 2M?> QCNB 0&I2NMCNMS =B?GCMNLS SIO H??> NI EHIQ NB?
CH@ILG;NCIH JL?M?HLXFEH 0& ;M? 2HCNMi> 1;<F? -L?@CR?M 2M?> QCNB
0& 2HCNM

1,<F? 0& ;M? 2HCNM

G;MM ECFIAL;G | EA
F?HANB G?N7?L
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B;IJN?L &HNLI>O=NCIH NI

MSMN?G NB:N ?RIL?MM?M
HOG<?LM CH NB? @ILG?+ e
QB?L? CM AL?;N?L NB;H IL
2KO:F NI :H> F?MM NB:H

‘H> 8CM :H CHN?A?L N
=:H <? ?CNB?L JIMCNCP? IL
H?A:NCP? 1B? JOLJIM?
1@ M=C?HNC@C= HIN;NCIH (
MCGJFC@S NB? G;HCJOF;N(
HOG<?LM QCNB F;LA? IL MG
G;AHCNO>?M

B?GCMNLS

Prefix | Symbol Value Power of 10| Meaning
JC=1 |J d NLCFFCIHNB
@?6N| @ d KO;>LCFFCIHNB

Units of Mass, Volume, and Length

1B? OHCNM I@ G?;MOL?G?HN SIO QCFF ?H=IOHN?L GIMN @L?KO?HNFS CH =B
NBIM? @IL G;MM PIFOG? ;H>F?HANB 1B? <;MC=0& OHCN @IL G;MM CM NB? E
<ON CH NB? F;<IL;NILS G;MM CM OMO;FFS ?RJL?MM?> CH ?CNB?L AL;GM A IL
GA A EA GA A H> GA EA 2HCNM @IL PIFOG? ;L?

>?LCP?> @LIG NB? =0<? 1@ NB? 0& OHCN @IL F?HANB QBC=B CM NB? G?N?L
<;MC= 0& OHCN @IL PIFOG? CM =0<C= GeRZMEBATANBB G&H =B?GCMNLS
BIQ?P?L PIFOG?M ;L? OMO;FFS L?JILN?> CH =0O<C= =?HNEG& 204 =G
>?=CG?N?LM >IG GCFFCFCN?LM G) ;H>FCN?LM ) ;FNBIOAB NB? FCN?L CM H
@ G?;MOL?G?HN 1B? L?F;NCIHMBCJM <?NQ??H NB?M? OHCNM ;L? ;M @IFFIQI

Scientific Notation

B?GCMNM I@N?H QILE QCNB HOG<?LM NB;N ;L? ?R=??>CHAFS F;LA? IL MG;FF
?R;GJF? ?HN?LCHA NB? G;MM CH AL;GM I@ ; BS>LIA?H ;NIG CHNI ; =;F=0OF;NIL L
; >CMJF;S QCNB ;N F?;MN  >?=CG;F JF;=?M MSN&ieaifichittation

;PIC>M GO=B I@ NB? N?>COG ;H>;QEQ;L>H?MM 1@ G;HCJOF;NCHA HOG<?LM Q
IL MG;FF G;AHCNO>?M &H M=C?HNC@C= HIN;NCIH NB?M? HOG<?LM ;L? ?RJL"
@ILG

e 8

QB?L? CM AL?;N?L NB;H IL ?KO;F NI ;H>F?MM NB;H ;&> 8CM ; JIMCNCP?
IL H?A;NCP? CHN?A?L 1B? HOG<?L CM =;FF?> NBP<?=,0M? CN CM NBCM
HOG<?L NB;N CM L;CM?> NI NB®? HRBLOAB ; <;M? HOG<?L G;S B;P? P;FO?M

7 INB?LNB;H NB? <;M? HOG<?L CH M=C?HNC@&6AHENCIH CM

B:N

MCGJF? Q;S NI =IHP?LN HOG<?LM NI M=C?HNC@C= HIN:NCIH CM NI GIP? NB?
EMIMIG;HS JF;=?M NI NB? F?@N IL LCABN ;M H??>?> NI ACP? ; HOG<?L @2G NI
*F'é“;',@HCNOﬂa@M NB?H >?N?LGCH?> ;M @IFFIQM

"MM?HNC;F OECFFM
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X &@ NB? >?=CG;F JICHN CM GIP@®ONBNB?M8 CM JIMCNCP?
X &@ NB? >?=CG;F JICHN CM GIP2312bNB2?M8 CM H?A;NCP?

HINB?L Q;S NI L?G?G<?L NBCM CM NI L?=IAHCT? NB;N ;M NEZHOGHILCH
G;AHCNO>? NB? ?RJIH?HN CH=L?;M?M ;H> PC=? P?LM; 1B? ;JJFC=;NCIH I@ NB
CFFOMNL;N?> CH OECFF OCF>?7L"0

"MM?HNC;F OECFFM
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SKILL BUILDER ES1

IHP?LN ?;=B HOG<?L NI M=C?HNC@C= HIN;NCIH

UJ)>®-\JVII/\“'

OIFONCIH

;11 =IHP?LN NI ; HOG<?L @LIG NI Q? GIP? NB? >?=CG;F
JICHN NQI JF;=?M NIGIB=2

o
=1

?=,0M? NB? >?=CG;F JICHN Q;M GIP?> NQI JF;=?M N8NB? F?@N
&H M=C?HNC@C=HIN;NCIH e

< 1l =IHP?LN NI ; HOG<?L @LIG NI Q? GIP? NB? >?=CG;F
JICHN NQI JF;=?M NI<sg2>

00

?=,0M? NB? >?=CG;F JICHN Q;M GIP?> NQI JF;=?M NI BIB? LCABN
d &H M=C?HNC@C=HIN;NCIH e

e NBCM CM OMO;FFS ?RIL?MM?> MCGJFS ;M 1?=;FF NB;N
€ <?=;,0M? NB? >?=CG;F JICHN Q;M GIP?> @IOL JF;=?M NI NB?

\Y

F?@8\

? e d <?=;0M? NB? >?=CG;F JICHN Q;M GIP?> @IOL JF;=?M NI NB? LCA
8 d

@ e NBCM CM OMO;FFS ?RJL?MM@> :M

A e

B e d

"MM?HNC;F OECFFM
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Addition and Subtraction

?@IL? HOG<?LM ?RIL?MM?> CH M=C?HNC@C= HIN;NCIH =;H <? ;>>?> |[L MO<NI
GOMN <? =|[HP?LN?> NI ; @ILG CH QBC=B ;FF NB? ?RJIH?HNM B;P? NB? M;G? P;F
;JILIJLC;N? 13?L;NCIH CM NB?H =;LLC?> ION IH NB? PETHF I@CF>?L "0
CFFOMNL;N?M BIQ NI > NBCM

SKILL BUILDER ES2

;LLS ION NB? ;JJLIJLC;N? 13?L;NCIH IH ?7;=B HOG<?L ;H> NB?H ?RJL?MM NB?
;HMQ?L CH M=C?HNC@C= HIN;NCIH

D
D

OIFONCIH

; INB ?RJIH?HNM GOMN B;P? NB? M;G? P;FO? MINB?M? HOG<?LM ;L?
=IHP?LN?> NI ?CNB~?Le e IL
g ® BIIMCHA ?CNB?L ;FN?LH;NCP? ACP?M NB?
M;G? ;HMQ?L L?JILN?> NI NQI >?=CG;F JF;=?M

&H =IHP?LNCHA e NI M=C?HNC@C= HBNBNCH1=1G?
GIL? JIMCNCP? <S <7?=;0M? NB? P;B)9 K®=L?;M?>

< |HP?LNCHA NB? ?RJIH?HNM NI NB? M;G? P;FO? ACP?M ?CNB~?L
e 94 e 9 1L e 94 e d
IGJF?NCHA NB? =;F=OF;NCIHM ACP?M NB? M;G? ;HMQ?L ?RJL?MM?>
NBL?? >?=CG;F JF;=?M

"MM?HNC;F OECFFM
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Multiplication and Division

4B?H GOFNCJFSCHA HOG<?LM ?RJIL?MM?> CH M=C?HNC@C= HIN;NCIH Q? GO
I@ ;H>;>>NIA?NB?L NB? P;FOMHR?LM?FS QB?H >CPC>CHA Q? CERE?
>CPC>?H> NB? HOG<?L <?CHA >CPCH+XNBS>CPCMIL NB? HOG<?L <S QBC=B Q
;L? >CPC>CHA ;H> NB?H MGNLNBP >CPCMILS@HGIB? >CPC>?H> &H =IHNL;MN
NI ;>>CNCIH ;H> MO<NL;=NCIH NB? ?RJIBZBNN NI <? NB? M;G? CH
GOFNCJFC=;NCIH ;H>>CPCMCIH "R;GJF?M |@ JLI<F?GM CHPIFPCHA GOFNCJF
>CPCMCIH ;L? MBIQH CH OECFF OCF>?L "0

SKILL BUILDER ES3

-?L@ILG NB? ;JJLIIJLC;N? 1J?L;NCIH IH ?;=B ?RIL?MMCIH ;H> ?RJL?MM SIOL
;HMQ?L CH M=C?HNC@C= HIN;NCIH

OIFONCIH

; &H GOFNCJFC=;NCIH Q? ;>> NB? ?RJIH?HNM

m m 1 < 1 >

< &H>CPCMCIH Q? MO<NL;=N NB? ?RJIH?HNM

m 1

m 1

1BCM JLI<F?G B;M <INB GOFNCJF8=KCIEMCIH

1

m m 4 11 > 1

m 1

"MM?HNC;F OECFFM



B;IJN?L &HNLI>O=NCIH NI

1B? ?MNCG;N?> >?AL?? 1@ ?
CH ; G?;MOL?G?HN 1B? >?Al
|@ OH=7?LN;CHNS CH;

G?;MOL?G?HN =;H <? CH>C=
<S L?JILNCHA ;FF MCAHC@(
@CAOL?M JFOM IH?

+OG<?LM NB;N >?M=LC<? NBE
P;FO? QCNBION ?R;AA?L;NC
>?AL?? NI QBC=B CN CM EHI
<?;==0L;N?

H CHN?A?L I<N;CH?> ?CNB?
=IOHNCHA I<D?=NM IL @LIG
>?@CHCNCIHM ? A CH

=G "R;=N HOG<?LM B;P?
CH@CHCN?FS G;HS MCAHC
@CAOL?M

LLIL

"MM?HNC;F OECFFM

B?GCMNLS

Significant Figures

+| G?;MOL?G?HN CM @L?? @LIG ?LLIL "LLIL CM CHNLI>O=?><S NB? FCGCN;!
CHMNLOG?HNM ;H> G?;MOLCHA >?PC=?M MO=B ;M NB? MCT? |@ NB? >CPCMC
=SFCH>?L ;H> NB? CGJ?L@7?=NCIHI|@ BOG;H M?HM?M FNBIOAB ?LLILM CH
=;H <? ?HILGIOM NB?S89=IHNLC<ON? NI OH=?LN;CHNS CH G?;MOL?G?HNM B
>?M=LC<? NB? ?MNCG;N?> >?AL?7? |@ ?LLIL CH ; G?;MOuAcE tatv NIEED

NB? G?;MOL?G?HN ;H>NB?S ;L? =L?@OF NI L?JILN ;FF G?;MOL?> P;FO?M OMC
significant figures  HOG<?LM NB;N >?M=LC<? NB? P;FO? QCNBION ?R;AA?L;NC}
>?AL?? NI QBC=B CN CM EHIQH NI <? ;==0OL;N? B?GCMNM L?JILN ;M MCAHC@C
HOG<?LM EHIQH QCNB ;<MIFON? =?LN;CHNS JFOM IH? GIL? >CACN NB;NCM O
=IHN;CH MIG? OH=?LN;CHNS 1B? OH=?LN;CHNS CH NB? @CH;F >CACN CM OM(
<?Y OHF?MM INB?LQCM? MN;N?>

1B? @IFFIQCHA LOF?M B;P? <??H >?P?FI1J?> @IL =IOHNCHA NB? HOG<?L I@ MC
@CAOL?M CH ; G?;MOL?G?HN IL =;F=0OF;NCIH

HS HIHT?LI >CACN CM MCAHC@C=;HN
HS T?LIM <?NQ??H HIHT?LI >CACNM ;L? MCAHC@C=;HN 1B? HOG<"
?R;GJF? B;M @IOL MCAHC@C=;HN @CAOL?M
HS T?LIM OM?> ;M ; JF;=?BIF>?L JL?=?>CHA NB? @CLMN HIHT?LI >C,
HIN MCAHC@C=;HN 0l B;M IH? MCAHC@C=;HN @CAOL? <?=;,0M?
OM?> NI CH>C=;N? NB? JF;=?G?HN |@ NB? >CACN &H =IHNL;MN
MCAHC@C=;HN @CAOL?M <?=;0M? NB? F;MN NQI >CACNM =ILL?MJI
HOG<?L NB?F,MN T?LI CM HIN ; JF;,=?BIF>?L M ;H ;>>CNCIH;F ?R;(
B;M NQI MCAHC@C=;HN @CAOL?M <?=;0M? NB? T?LI CM OM?> HII
<ON NI CH>C=;N?
4B?H ; HOG<?L >I?M HIN =IHN;CH ; >?=CG;F JICHN T?LIM ;>>?> ;@N?|
HIHT?LI HOG<?L G;S IL G;S HIN <? MCAHC@C=;HN H ?R;GJF? CM NE
HOG<?L QBC=B G;S <? CHN?LJL?N?> ;M B;PCHA IH? NQI IL NBL??
MCAHC@C=;HN @CAOL?M +IN? NL?;N ;FF NL;CFCHA T?LIM CH ?R?
JLI<KF?GM CH NBCM N?RN ;M MCAHC@C=;HN OHF?MM SIO ;L? MJ?=C
INB?LQCM?

?7?

N?>

N &HN?A?LM I<N;CH?> ?CNB?L <S =IOHNCHA I<D?=NM IL @LIG >?@CH
exact numbers QBC=B ;L? =IHMC>?L?> NI B;P? CH@CHCN?FS G;HS

g MCAHC@C=;HN @CAOL?M &@ Q? B;P? =IOHN?> @IOL I<D?=NM @lIL

SH NI NB? HOG<?L B;M ;H CH@CHCN? HOG<?L I@ MCAHC@C=;HN @CAO
L?JL?M?HNM ] OCGCF,LFS @IIN @N CM >?@CH?> NI =IHN;CH

o CH MINB? HOG<?L CH NB? @IFFIQCHA ?KO;NCIH B;M CH@CHCN
MCAHC@C=;HN @CAOL?M

2c@N, CH



B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

H?@@7?=NCP? G?NBI> @IL >?N?LGCHCHA NB? HOG<?L |@ MCAHC@C=;HN @(
NB? G?;MOL?> IL =;F=0F;N?> P;FO? NI M=C?HNC@C= HIN;NCIH <?=;,0M? ;HS T2l
JF,=?BIF>?L CM ?FCGCH;N?> CH NB? =IHP?LMCIH 4B?H CM ?RIL?MM?> CH
HIN;NCIH ;M e d CNCMGIL? L?;>CFS ;JJ;L?HN NB;N NB? HOG<?L B;M NBL??
MCAHC@C=;HN @CAOL?M L;NB?L NB;H @CP? CH M=C?HNC@C=HIN;NCIH NB
?RJIIH?HNC;F C ?>?N?LGCH?M NB? HOG<?L |@ MCAHC@C=;HN @CAOL?M OEC
JLIPC>?M JL;=NC=? QCNB NB?M? LOF?M

SKILL BUILDER ES4

$CP? NB? HOG<?L |@ MCAHC@C=;HN @CAOL?M CH ?;=B &>?HNC@S NB? L(

N VoA

@ ;NIGM
OIFONCIH

NBL?? LOF?
< NQI LOF? CH M=C?HNC@C= HIN;NCIH NBCM HOG<?L CM L?JL?M?HN?
e d MBIQCHA NB;N CN B;M NQI MCAHC@C=;HN @CAOL?M

= @IOL LOF?
@IOL LOF? NBCM HOG<?L MY CH M=C?HNC@C= HIN;NCIH MBIQCHA
NB;N CN B;M @IOL MCAHC@C=;HN @CAOL?M

? IH? NQI IL NBL?? LOF?

@ CH@CHCN? LOF?

"MM?HNC;F OECFFM
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SKILL BUILDER ES5

4BC=B G?;MOLCHA ;JJ;L;NOM QIOF> SIO OM? NI >?FCP?L G) @ Q;N?L ;M
;==0OL;N?FS ;M JIMMC<F? 1l BIQ G;HS MCAHC@C=;HN @CAOL?M =;H SIO G?;
NB;N PIFOG? I@ Q;N?L QCNB NB? ;JJ;L;NOM SIO M?F?=N?>

N2V

50
omL

R 40 -

@—/ 100 mL
90

20— i

S o .
40
30

3 > = =1

OIFONCIH

2M? NB? G) AL;>O;N?>=SFCH>?L QBC=B QCFF <? ;==0L;N? NI NQI MCAHC
@CAOL?M

*NB?G;NC=;F [J?L;NCIHM ;L? =,LLC?> |ION OMCHA ;FF NB? >CACNM ACP?H ;H> N
LIOH>CHA NB? @CH;F L?MOFN NI NB? =ILL?=N HOG<?L |@ MCAHC@C=;HN @C/
L?;MIH;<F? ;HMQ?L 1BCM G?NBI> ;PIC>M =IGJIOH>CHA CH;==0L;=C?M <S MO-==
LIOH>CHA CHN?LG?>C;N? =;F=OF;NCIHM @N?L SIO =IGJF?N? ; =;F=0OF;NCIH S
NI LIOH> NB? F;MN MCAHC@C=;HN @CAOL? OJ IL >IQH >?J?H>CHA IH NB? P;FO
NB;N @IFFIQM CN &@ NB? >CACN CM IL AL?;N?L NB?H NB? HOG<?L CM LIOH:
?R;GJF? QB?H LIOH>?> NI NBL?? MCAHC@C=;HN @CAOL?M CM QB?L?;N

OCGCF;LFS NINBL?? MCAHC@C=;HN @CAOL?M EA<?=IG?M EA QB?L
EA<?=IG?M EA 1B? JLI=?>0L?M @IL >?;FCHA QCNB MCAHC@C=;HN @CAOL
>C@@7?L?HN @IL ;>>CNCIH ;H> MO<NL;=NCIH P?LMOM GOFNCJFC=;NCIH ;H> >(
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4B?H Q? ;>> IL MO<NL;=N G?;MOL?> P;FO?M NB? P;FO? QCNB NB? @?Q?MN MC
@CAOL?M NI NB? LCABN I@ NB? >?=CG;F JICHN >?N?LGCH?M NB? HOG<?L |@
@CAOL?M NI NB? LCABN I@ NB? >?=CG:F JICHN CH NB? ;HMQ?L !L;QCHA : P2LI
LCABN I@ NB? =IFOGH =ILL?MJIH>CHA NI NB? MG;FF?MN HOG<?L |@ MCAHC@
MCGJF? G?NBI> I@ >?N?LGCHCHA NB? JLIJ?L HOG<?L @ MCAHC@C=;HN @CA
"HMQ?L

1B? FCH? CH>C=;N?M NB;N NB? >CACNM ;H> ;L? HIN MCAHC@C=;HN CH NB?
>CACNM ;L? HIN MCAHC@C=;HN <?=;0M? NB? P;FO?M @IL NB? =ILL?MJIH>CHA
INB?L G?;MOL?G?HN ;L? OHEHIQH IHM?KO?HNFS NB? ;HMQ?L CM ?RJL?
M QCNB @CP? MCAHC@C=;HN @CAOL?M A;CH HOG<?LM AL?;N?L NB;H |
;L? LIOH>?> 0J &@ IOL M?=IH> HOG<?L CH NB? =;F=0OF;NCIH B;> <??H NB?F
QIOF> B;P? LIOH>?> NI NI =IGIF?N? IOL =;F=OF;NCIH

4B?H Q? GOFNCJFS IL >CPC>? G?;MOL?> P;FO?M NB? ;HMQ?L CM FCGCN?> NI
HOG<?L |@ MCAHC@C=;HN @CAOL?M CH NB? =;FeOF;NCIH NBOM

FNBIOAB NB? M?=IH> HOG<?L CH NB? =;F=OF;NCIH B;M @IOL MCAHC@C=;HN ¢
DOMNC@C?> CH L?JILNCHA NB? ;HMQ?L NI IHFS NBL?? MCAHC@C=;HN @CAO
HOG<?L CH NB? =;F=OF;NCIH B;M IHFS NBL?? MCAHC@C=;HN @CAOL?M H ?R:
LOF? |I==OLM QB?H GOFNCJFSCHA ; HOG<?L <S ;H CHN?A®?L &4 NBCM =;M?
NB? HOG<?L |@ MCAHC@C=;HN @CAOL?M CH NB? ;HMQ?L CM >?N?LGCH?> <&
<?=,0M? Q? ;L? CH ?MM?H=? ;>>CHA NI CNM?F@ NCG?M 1B? =ILL?=N ;HM
NB?L?@IL? ;H CH=L?;M? 1@ IH? MCAHC@C=;HN @CAOL? HIN

4B?H SIO OM? ; =;F=0OF;NIL CN CM CGJILN;HN NI L?G?G<?L NB;N NB? HOG<?L M
NB? =;F=0OF;NIL >CMJF;S I@N?H MBIQM GIL? >CACNM NB;H =;H <? L?JILN?> ;M M
SIOL ;HMQ?L 4B?H ; G?;MOL?G?HN L?JILN?>;M EACM>CPC>?><S ) @IL
?R;GJF? NB? >CMJF;S G;S MBIQ ;M NB? ;HMQ?L 4?;L? DOMNC@C?>CH
L?JILNCHA NB? ;HMQ?L NI IHFS NQI MCAHC@C=;HN @CAOL?M ACPCHA EA)
QCNB NB? F;MN >CACN OH>?LMNII> NI B;P? MIG? OH=7LN;CHNS

&H =;F=0OF;NCIHM CHPIFPCHA M?P?L;F MN?JM MFCABNFS >C@@?L?HN ;HMQ"
>?J?H>CHA IH BIQ LIOH>CHA CM B;H>F?> MJ?=C@C=;FFS QB?NB?L LIOH>CHA
IH CHN?LG?>C;N? L?MOFNM IL JIMNJIH?> OHNCF NB? F;MN MN?J /IOH>CHA NI |
HOG<?L |@ MCAHC@C=;HN @CAGAPG+MBIOBH.G?> ;N NB? ?H> @ ; M?LC?M 1@
=,F=OF;NCIHM <?=;,0M? LIOH>CHA |@ CHN?LG?>C;N? L?MOFNM =;H MIG?NCG?I
;HMQ?L NI <? MCAHC@C=;HNFS CH ?LLIL



B;IJN?L &HNLI>O=NCIH NI B?GCMNLS
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&H JL;=NC=? =B?GCMNM A?H?L;FFS QILE QCNB ; =;F=OF;NIL ;H> =;LLS ;FF >CAC
NBLIOAB MO<M?KO?HN =;F=OF;NCIHM 4B?H QILECHA IH J;J?L BIQ?P?L Q? @I
NI GCHCGCT? NB? HOG<?L I@ >CACNM Q? B;P? NI QLCN? ION ?=;0M? MO==?\
=;H =IGJIOH> CH;==0L;=C?M CHN?LG?>C;N? LIOH>CHAM H??> NI <? B;H>F?> =I
4B?H QILECHA IH J;J?L ;FQ;SM LIOH> ;H CHN?LG?>C;N? L?MOFN MI ;M NI L?N;CI
IH? GIL? >CACN NB;H =;H <? DOMNC@C?> ;H> =;LLS NBCM HOG<?L CHNI NB? H'
=,F=OF;NCIH 1B? @CH;F ;HMQ?L CM NB?H LIOH>?> NI NB? =ILL?=N HOG<?L |@
@CAOL?M ;N NB? P?LS ?H>

&H NB? QILE?> ?R;GJF?M CH NBCM N?RN Q? QCFF I@N?H MBIQ NB? L?MOFNM
MN?JIM CH ; =;F=OF;NCIH &H >ICHA MI Q? QCFF MBIQ NB? L?MOFNM NI IHFS NE
HOG<?L |@ MCAHC@C=;HN @CAOL?M ;FFIQ?> @IL NB;N MN?J CH?@@7?=N NL
M?J;L;N? =;F=OF;NCIH 1BCM JLI=?>0OL? CM CHN?H>?> NI L?CH@IL=? NB? LOF?I
>?N?LGCHCHA NB? HOG<?L |@ MCAHC@C=;HN @CAOL?M <ON CH MIG? =;M?\
;HMQ?L NB;N >C@@7?LM CH NB? F;MN >CACN @LIG NB;N I<N;CH?> OMCHA ; =;F
>CACNM ;L? =,LLC?> NBLIOAB NI NB? F;MN MN?J OECFF OCF>?L "0 JLIPC>?MJ
=;F=0OF;NCIHM OMCHA MCAHC@C=;HN @CAOL?M
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IGIF?N? NB? =;F=OF;NCIHM ;H> L?JILN SIOL ;HMQ?LM OMCHA NB? =ILL?=N
HOG<?L |@ MCAHC@C=;HN @CAOL?M

; G) G)

< A A

= e

> A A

2

@ — H1 H
A H1— H
B —— 1

c— 1

D e
OIFONCIH

; G)

< A

= 0?? LOF? OH>?L '0OCAHC@C=;HN #CAOL?M a
> A A A A A
2

@ A d A A
A A d A A
B d

C d

D

Accuracy and Precision

*?2:MOL?G?HNM G;Saccurate G?;HCHA NB;N NB? G?:MOL?> P;FO? CM NB? M;G’
NB? NLO? P;FO? NB?S Qy®eci8e G7?;HCHA NB;N GOFNCJF? G?;MOL?G?HNM AC
H?:LFS C>?HNC=;F P;FORNKZ 23,6/ </=?6>NB?S G;S <? <INB ;==0OL;N? ;H>
JL?=CM? IL NB?S G;S <? H?CNB?L ;==0OL;N? HIL JL?=CM? 1B? Al;F I@ M=C?HNC
I<N;CH G?;MOL?> P;FO?M NB;N ;L? <INB ;==0OL;N? ;H> JL?=CM?

1B? G?;:MOL?> P;FO? CM NB7
MiGZMNB? NLO?PIFO? | 503JIM? @IL ?R;GIF? NB:N NB? G:MM 1@ ; M;GJF? 1@ AIF> Q:M G?;MOL?> IH IH?
*OFNCJF? G?;MOL?G?HNM ACRZF;H=? ;H> @IOH>NI<? A H;>C@@7?L?HN <;F;H=? NB? M;G? M;GJF? Q;M (
H?,LFS C>?HNC=F P;FO?M | NIB:P?:G:MMI@ A 4BC=B Q:M =ILL?=N :L?@OF :H> L?J?:N?> G?:MOL?G?HI

"MM?HNC;F OECFFM
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CH=FO>CHA G?;MOL?G?HNM IH ; =;FC<L;N?> NBCL> <;F;H=? MBIQ?> NB? M;GJF
GMMI@ A 1B? G;MM?M I<N;CH?> @LIG NB? NBL?? <;F;H=?M ;L? CH NB? @IF
N;<F?

Balance 1| Balance 2| Balance 3

A A A
A A A
A A A

4B?L?;:M NB? G?;MOL?G?HNM I<N;CH?> @QLIG <;F;H=?M ;H> ;L? L?JLI>O=C<F?

JL?=CM? :H>:L? =FIM? NI NB? ;==?2JN?> P;FO? ;==0OL;N? NBIM? I<N;CH?> @LIC
<;F;H=? ;L? H?CNB?L "P?H C@ NB? G?;MOL?G?HNM I<N;CH?> @LIG <;F;H=? B
JL?=CM? C@ @IL ?R;GJF? NB?S B;><??H ‘H> NB?S MNCFF QIOF> F
B;P? <??H ;==0OL;N? 4? =;H ;MM?MM NB? JL?=CMCIH |@ ; M?N |@ G?;MOL?G?HN
=;F=OF;NCHAMNN®B/Z+1/ ./@3+*@D8IB? G?;MOL?G?HNM ;M @IFFIQM

;F=0OF;N? NB? ;P?L;A? P;FO? |@ ;FF NB? G?;MOL?G?HNM

TVRGAFBFWEFOUT

BFEH OVNE®RBFB FWEFOUT

;F=OF;N? NB@3+>38® ?;=B G?;MOL?G?HN QBC=B CM NB? ;<MIFON?
P;FO? 1@ NB? >C@@7?L?H=? <?NQ??H ?;=B G?;MOL?G?HN ;H> NB? ;P
P;FO?

>?PC;NCIH UG?;MOL?GRM;A?U

QB?L? U U G?;HM ;<MIFON? P;FO? C? =IHP?LN ;HS H?A;NCP? HOG:=
JIMCNCP? HOG<?L

>>;FF NB? >?PC;NCIHM ;H> >CPC>? <S NB? HOG<?L |@ G?;MOL?G?!
I<N;CH NB? ;P?L;A? >?PC;NCIH

TVRGEWJIBUJPOT

BFER OVN@®RBFBFWEFOUT

1B?H Q? =;H ?RIL?MM NB? JL?=CMCIH ;M ; J?L=?HN;A? <S >CPC>CHA NB? ;P?L;,
>?PC;NCIH <S NB? ;P?L;A? P;FO? 1@ NB? G?;MOL?G?HNM ;H> GOFNCJFSCHA NI
&H NB? =M? 1@ <;F;H=? NB? ;P?L;A? P;FO? CM
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1B? >?PC;NCIHM ;L? A A A A d A A H>U
Ad AU A OINB? ;P?L;A? >?PC;NCIH CM

H H H
H

1B? JL?=CMCIH I@ NBCM M?N 1@ G?;MOL?G?HNM CM NB?L?@IL?

4B?H ; M?LC?M 1@ G?;MOL?G?HNM CM JL?=CM? <ON HIN ;==0OL;N? NB? ?LLIL C
MSMN?G;NC= 0SMN?G;NC=?LLILM =;H <? =;,0M?> <S @;OFNS CHMNLOG?HN;N

N?=BHCKO? 1B? >C@@?L?H=? <?NQ??H ;==0L;=S ;H> JL?=CMCIH CM >?GIHMN
OCF>?L"0

m
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1B? @IFFIQCHA ;L=B?LS N;LA?NM MBIQ G;LEM NB;N L?JL?M?HN NB? L?MOFN
M?NM 1@ G?;MOL?G?HNM 4BC=B N;LA?N MBIQM

; JL?=CM? <ON CH;==0L;N? M?N |@ G?;MOL?G?HNM

< ;H;==0L;N? <ON CGJL?=CM? M?N I@ G?;MOL?G?HNM

= ;M?N @ G?;MOL?G?HNM NB;N CM <INB JL?=CM? ;H> ;==OL;N?

> ; M?N 1@ G?;MOL?G?HNM NB;N CM H?CNB?L JL?=CM? HIL ;==OL;N?
(a) (b) (c) (d)

OIFONCIH

<

= <

> >

"MM?HNC;F OECFFM
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SKILL BUILDER ESS8

=L;N>C;GIH>B;M ; G;MM 1@ GA 4B?H ; D?Q?F?L L?J?;N?>FS
Q?CAB?>; =;L;N>C;GIH> B? I<N;CH?>G?;MOL?G?HNM 1@ GA

GA ;H>  GA 4?L? NB? D?Q?F?LbM G?;MOL?G?HNM ;==0L;N?
4?L.? NB?S JL?=CM?

MCHAF? =13J?L J?HHS Q;M N?MN?> NBL?? NCG?M NI >?N?LGCH? CNM

=IGJIMCNCIH 1B? @CLMN ;H;FSMCM A;P? ; =IGJIMCNCIH |@ TCH=;H>

=13J?L NB? M?=IH>A;P?  TCH=;H> =13J7L ;H>NB? NBCL>
A;P?  TCH=;H> =13J?L 1B?;=NO;F =IGJIMCNCIH I@ NB? J?HHS
Q:M  TCH=;H> =13J7L 4?L? NB? L?MOFNM ;==0L;N? 4?L? NB?S
JL?=CM?

OIFONCIH

7 1B? ?RJI?=N?>G,MM 1@ ; =;L;N >C;GIHe CMGA
GA 1B? ;P?L;A? 1@ NB? NBL?? G?;MOL?G?HNM CM  GA ;<ION
AL?;N?L NB;H NB? NLO? G;MM 1B?M? G?;MOL?G?HNM ;L? HIN
J;LNC=0F;LFS ;==0L;N?

1B? >?PC;NCIHM |I@ NB? G?;MOL?G?HNM ;L? GA GA ;H>

GA L?MJ?=NCP?FS QBC=B ACP? ;H ;P?L;A? >?PC;NCIHI@ GA ;H>;
JL?=CMCIH |@

A
/N/FI

1B?M? G?;MOL?G?HNM ;L? L;NB?L JL?=CM?

m

< 1B?:P?L:A? P;FO?M I@ NB? G?;MOL?G?HNM ;L?  TCH=;H>

=13J?L P?LMOM NB? NLO? P;FO?M @  TCH=;H> =13J7L

1BOM NB?M? G?;MOL?G?HNM ;L? HIN P?LS ;==OL;N? QCNB ?LLILM 1@

d ;H> @IL TCH=;H>=13J?L L?MJ?=NCP?FS 1B? MOG I@

NB? G?;MOL?> TCH=;H>=13J?L =IHN?HNM CM IHFS  L;NB?L NB;H
QBC=B N?FFM OM BBDNB?L? CM ; MCAHC@C=;HN ?LLIL CH IH?

IL <INB G?;MOL?G?HNMIG? INB?L ?F?G?HN CM JL?M?HN

1B? >?PC;NCIHM I@ NB? G?;MOL?G?HNM ;L? H>  @IL
<INB TCH=;H>=13J?L QBC=B ACP? ;H ;P?L;A? >?PC;NCIHI@ @IL
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<INB G?N;FM 4? GCABN NB?L?@IL? =IH=FO>? NB;N NB?
G?;MOL?G?HNM ;L? ?KO;FFS JL?=CM? <ON NB;N CM HIN NB? =;M? /?=
NB;N JL?=CMCIH CM NB? ;P?L;A? >?PC;NCIH >CPC>?> <S NB? ;P?L;A?
P;FO? NCG?M ?=,0M? NB? ;P?L;A? P;FO? |@ NB? TCH=
G?;MOL?G?HNM CM GO=B AL?;N?L NB;H NB? ;P?L;A? P;FO? |@ NB?
=133?L G?;MOL?G?HNM P?LMOM NB? =13J7L

G?;MOL?G?HNM ;L? GO=B F?MM JL?=CM?

QlEDJTIBO —— m

QBDJT$IRO — m
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APPLICATION PROBLEMS

"6/+=/,/ =7</ C9? +</ 0+7363+< A3>2 >2/ >9:3-= .3=-?==/. 38 ==/86/3*FBH5366=

==/8>3+6 %5366/)9</ :<9-//.381 >9 >2/ ::63-+>398 "<9,6/7= "<9,6/7=

7+<5/. A3>2 + 38@96@/ 7?6>3:6/ -98-/:>=

&H G?M 4;NMIH ;H> #L;H=CM LC=E MJ?HN NBL?? >;SM ;H;FSTCHA >;N; I
>?P?FIJ ; GI>?F NB;N Q;M =IHMCMN?HN QCNB NB? EHIQH @;=NM ;<ION NB?
@ '+ NB?=B?GC=;F MO<MN;H=? NB;N CM NB? <;MCM @IL FC@? 1B7?S Q7L
NB? +I<?F -LCT? CH -BSMCIFIAS IL *?>C=CH? @IL NB?CL QILE ;M?>IH NBCI
CH@ILG;NCIH QIOF> SIO =F;MMC@S NB?CL JLIJIM?> GI>?F @IL NB? MNLO:
;M ;;H ?RJ?LCG?HN ; F;Q ; BSJINB?MCM IL ; NB?ILS "RJF;CH SIOL L?;MIHCH

&H ?;=B M=7H;LCI MN;N? NB? I<M?LP;NCIH ;H> NB? BSJINB?MCM

L?=?HNFS >CM=IP?L?> +?;H>?LNB;F NBLI;N <IH? B;M <??H @IOH> NI <?
MCGCF;L CH >CG?HMCIHM ;H>;JJ?;L;H=? NI NB;N 1@ GI>?LH BOG;HM
NB?L?@IL? MIG? M=C?HNCMNM <?FC?P? NB;N +?;H>?LNB;FM =I0F> N;}

< ?=,0M? 1+ JLI@CF?M @LIG M;GJF?M I@ BOG;H NCMMO? ;L? QC>?FS Ol
=LCGCH;F NLC;FM '+ M?KO?H=?M @LIG JF;HN L?MC>0? IH =FINBCHA =
NI JF;=?; J?LMIH ;N NB? M=?H? 1@ ; =LCG?

0G;FF KO;HNCNC?M |I@ AIF> @LIG @;L OH>?LALIOH> ;L? =;LLC?> NI NB? MC
ALIOH>Q;N?L QB?L? NB? AIF> =;H <? N;E?H OJ <S =?LN;CH JF;HNM ;H> MNII
NB?CL F?;P?M S C>?HNC@SCHA NB? ECH>M I@ JF;HNM NB;N ALIQ ;LIOH>
>?JIMCNM [H? MBIOF> <? ;<F? NI OM? NBCM CH@ILG;NCIH NI >CM=IP?L JIN
AlIF> >?JIMCNM

7 ON;N? NB? I<KM?LP;NCIH
< ON;N? NB? BSJINB?MCM
= 1?PCM? ;H ?RJ?LCG?HN NI N?MN NB? BSJINB?MCM

);LA? ;GIOHNM I@ HCNLIA?H ;L? OM?> <S NB? ?F?=NLIHC=M CH>OMNLS NI .
<F;HE?N IP?L ; =IGJIH?HN >OLCHA JLI>O=NCIH 1BCM ?HMOL?M NB;N OH>?
L?;=NCIHM QCNB IRSA?H QCFF HIN I==OL F;MMC@S ?;=B MN;N?G?HN ;M ;|
JLIJ?LNS IL ;H CHN?HMCP? JLIJ?LNS |@ HCNLIA?H

+CNLIA?H CM ; =IFILF?MM A:M

PIFOG?1@ )I@ HCNLIA?H A;M Q?CABM A :N W
)CKOC> HCNLIA?H <ICFM ;N (
+CNLIA?H A;/M B;M ; >?HMCNS 1@ A);N W

AV | A

,RSA?H CM NB? NBCL> GIMN ;<OH>;HN ?F?G?HN CH NB? OHCP?LM? ;H> G;|
;<ION NQI NBCL>M I@ NB? BOG;H <I>S F;MMC@S ?;=B MN;N?G?HN ;M ;H ?F
JLIJ?LNS IL ;H CHN?HMCP? JLIJ?LNS |@ IRSA?H
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)CKOC> IRSA?H <ICFM N (
)CKOC> IRSA?H CM J;F? <FO?

PIFOG? 1@ )I@ IRSA?HA;M Q?CABM AN W
RSA?HB:M; >?HMCNS 1@ A):N W

AV | A

,H? 1@ NB? @CLMN BCAB N?GJ?L;NOL? MOJ?L=IH>O=NILM Q;M @IOH> NI =|
?F?G?HNM CHNB?L;NCI 6 ; O , G;N?LC;F NB;N =IHN;CHM ?F?G?HNM C
L;NCI 6 ; O, BIQ?P?L Q;M HIN ; BCAB N?GJ?L;NOL? MOJ?L=IH>O=NIL !l

NB?M? G;N?LC;FM I<?S NB? F;Q |@ GOFNCJF? JLIJILNCIHM &M NB? L;NCI I
CH ?;=B =IGJIOH> =IHMCMN?HN QCNB !;FNIHbM F;Q |@ CH>CPCMC<F? ;NIG

1B?L? B;M <??H CH=L?;M?> ?PC>7H=7? NB;N BOG;H ;=NCPCNC?M ;L? =,0MC
CH ";LNBbM ;NGIMJB?LC= =B?GCMNLS /?=?HN L?M?;L=B ?@@ILNM B;P? @|
;NGIMJIB?LC=ITIH? ,=IH=?HNL;NCIHM 1B? ;GIOHN I@ ITIH? CH NB?
;NGIMJIB?L? CM CH@FO?H=?> <S =IH=?HNL;NCIHM I@ A;M?M NB;N =IHN;CH
;H>IRSA?H ;GIHA INB?LM 1B? @IFFIQCHA N;<F? ACP?M NB? G;MM?M |@ H
NB;N =IG<CH? QCNB A 1@ IRSA?H NI @ILG NBL?? |I@ NB?M? =IGJIOH>M

Compound | Mass of Nitrogen (g)

I?N?LGCH? NB? L;NCIM |@ NB? G;MM?M |@ HCNLIA?H NB;N =IG<CH? QC
IRSA?H CH NB?M? =IGJIOH>M L? NB?M? >;N; =IHMCMN?HN QCNB NB? [
GOFNCJF? JLIJILNCIHM

< -L?>C=NNB? G;MM I@ HCNLIA?H NB;N QIOF>=IG<CH? QCNB A I@ IRS
@ILG ;HINB?L JIMMC<F? =IGJIOH> CH NB? M?LC?M

&H>COG B;M ;H ;P?L;A? ;NIGC=G;MM |@ ;GO ,H? I@ CNM NQI CMINIJ?M
;H ;NIGC=G;MM 1@ ;GO QCNB ; J?L=?HN ;<OH>H=? 1@ 4B;N CM NB?
G;MM I@ NB? INB?L CMINIJ?

";LNBbM =IL? CM F;LA?FS =IGJIM?> |@ CLIH ;H ?F?G?HN NB;N CM ;FMI ; G;DI
=IGJIH?HN 1@ <F;=E M;H>M IH <?;=B?M &LIH B;M @IOL MN;<F? CMINIJ?M 2\
>;N; NI =;F=0F;N? NB? ;P?L;A? ;NIGC= G;MM |@ CLIH

Isotope | Percent Abundance (%)| Atomic Mass (amu)

#7?

#?

#?

#?
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?=;0M? IL?M ;L? >?JIMCN?> >OLCHA >C@@?L?HN A?IFIAC=J?LCI>M F?;>
>C@@7?L?HN GCHCHA L?ACIHM 1@ NB? QILF> =;H =IHN;CH >C@@7?L?HN L;!
L=B;?IFIACMNM OM? NB?M? >C@@?L?H=?M NI >?N?LGCH? NB? ILCACH |@
#IL ?R;GJF? NB? @IFFIQCHA N;<F? FCMNM NB? J?L=?HN ;<OH>;H=?M |@ NI
CMINII?M @LIG IH? ;LNC@;=N L?=IP?L?> @LIG /CI 1CHNI CH 0J;CH

Isotope | Percent Abundance (%)| Atomic mass (amu)

<

&@ NB? IHFS INB?L F?;> CMINIJ? CH NB? ;LNC@B:MMCWCNM J?L=?HN
;<OH>H="?
< 4B;N CM NB? ;P?L;A? ;NIGC=G;MM I@ F?;> C@ NB? IHFS INB?L CMINIJ? (
'LNC@;=N CM
= H;,LNC@;=N @LIG );OLCIH $L??=? Q;M @IOH> NIB;P? :<L;NCl |@
#LIG NB? >;N; ACP?H =;H SIO >?N?LGCH? QB?NB?L NB? F?;> CH NB’
LNC@;=N @LIG /CI 1CHNI =;G? @LIG NB? M;G? MIOL=? ;M NB? F?;> CH N
;LNC@;=N @LIG );OLCIH $L??="

1B? G;=LIGCH?L;FM MI>COG G;AH?MCOG JIN;MMCOG =;F=COG =BFILCH?
JBIMJBILOM ;L? QC>?FS >CMNLC<ON?> CH <CIFIAC=;F MO<MN;H=?M ;FNBI
>CMNLC<ONCIHM ;L? @;L @LIG OHC@ILG F;MMC@S NB?M? ?F?G?HNM <
J?LCI>M ;H> NB?CL ALIOJM ;H> NB?H MN;N? QB?NB?L ?;=B CM ; G?N;F ; HIH
IL; M?GCG?N;F &@ ; G?N;F CM NB? ?F?G?HN ; NL;HMCNCIH G?N;F

1B? =IGJIMCNCIH |@ @CHA?LH;CFM CM M?HMCNCP? NI ?RJIMOL? NI =?LN;
CH=FO>CHA MI>COG G;AH?MCOG ;FOGCHOG =BFILCH? JIN;MMCOG =;F-
M?F?HCOG P;H;>COG =BLIGCOG G;HA;H?M? CLIH =I<;FN =13J?L TCH=
M=;H>COG ;LM?HC= ;H>;HNCGIHS F,MMC@S NB?M? ?F?G?HNM <S <INB |
;H>NB?CL ALIOJIM ;H> NB?H >?N?LGCH? QB?NB?L ?;=B CM ; G?N;F ; HIHG?I
M?GCG?N;F ,@ NB? G?N;FM QBC=B ;L? NL;HMCNCIH G?N;FM ;M?> IH SIOL
=F;MMC@C=;NCIHM JL?>C=N INB?L ?F?G?HNM NB;N =I0OF> JLIP? NI <? >?N-
@CHA?LH;CFM

*?L=0LS F?P?FM CH B;CL B;P? <??H OM?> NI C>?HNC@S CH>CPC>0;FM QE
2RJIM?> NI NIRC= F?P?FM I@ G?L=0LS &M G?L=0LS ;H ?MM?HNC;F ?F?G?}
2F?G?HN

1L;=? ?F?G?HNM ;L? OMO;FFS JL?M?HN ;N F?P?FM |@ F?MM NB;H GA EA I
Q?CABN F;MMC@S NB? ?MM?HNC;F NL;=? ?F?G?HNM <S NB?CL ALIOJM ;I



B;IJN?L &HNLI>O=NCIH NI B?GCMNLS

J?LCI>C=N;<F? ;M?>IH SIOL =F;MMC@C=;NCIHM QIOF> SIO JL?>C=N NB;N
=>GCOG ;H>F?;>;L? JIN?HNC;F ?MM?HNC;F NL;=? ?F?G?HNM
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