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Chapter 1

Introduction to Chemistry
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1.1 Chemistry in the Modern World

LEARNING OBJECTIVE
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NCG?��0=C?HNCMNM�;FMI�=;F=OF;N?�NB;N�NBCM�CGJ;=N�QIOF>
@ILG�;�=L;N?L�;N�F?;MN�����ECFIG?N?LM�����GCF?M��CH
>C;G?N?L��/?=?HNFS
�M;N?FFCN?�CG;A?M�@LIG�;�0J;=?
0BONNF?�GCMMCIH�=IH@CLG?>�NB;N�;�BOA?�;MN?LIC>�IL�=IG?N
=L;MB?>�CHNI�";LNBbM�MOL@;=?�;=LIMM�NB?�6O=;N;HbM
HILNB?LH�NCJ�CH�NB?�$OF@�I@�*?RC=I����GCFFCIH�S?;LM�;AI

F?;PCHA�;�J;LNC;FFS�MO<G?LA?>�=L;N?L�����ECFIG?N?LM�����
GCF?M��CH�>C;G?N?L��#CAOL?�������MN?LIC>�&GJ;=N����1BOM
MCGJF?�=B?GC=;F�G?;MOL?G?HNM�I@�NB?�;<OH>;H=?�I@�IH?
?F?G?HN�CH�LI=EM�F?>�NI�;�H?Q�;H>�>L;G;NC=�?RJF;H;NCIH
@IL�NB?�?RNCH=NCIH�I@�NB?�>CHIM;OLM��1BIOAB�MNCFF
=IHNLIP?LMC;F
�NBCM�?RJF;H;NCIH�CM�MOJJILN?>�<S
;>>CNCIH;F�?PC>?H=?
�GO=B�I@�CN�=B?GC=;F�
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1BCM�CM�IHFS�IH?�?R;GJF?�I@�BIQ�=B?GCMNLS�B;M�<??H�;JJFC?>�NI�;H�CGJILN;HN
M=C?HNC@C=�JLI<F?G��,NB?L�=B?GC=;F�;JJFC=;NCIHM�;H>�?RJF;H;NCIHM�NB;N�Q?�QCFF
>CM=OMM�CH�NBCM�N?RN�CH=FO>?�BIQ�;MNLIHIG?LM�>?N?LGCH?�NB?�>CMN;H=?�I@�A;F;RC?M�;H>
BIQ�@CMB�=;H�MOLPCP?�CH�MO<@L??TCHA�Q;N?L�OH>?L�JIF;L�C=?�MB??NM��4?�QCFF�;FMI
=IHMC>?L�Q;SM�CH�QBC=B�=B?GCMNLS�;@@?=NM�IOL�>;CFS�FCP?M��NB?�;>>CNCIH�I@�CI>CH?�NI
N;<F?�M;FN��NB?�>?P?FIJG?HN�I@�GIL?�?@@?=NCP?�>LOAM�NI�NL?;N�>CM?;M?M�MO=B�;M�=;H=?L

�&!0��;=KOCL?>�CGGOHI>?@C=C?H=S�MSH>LIG?�
�;H>�;LNBLCNCM��NB?�L?NIIFCHA�I@
CH>OMNLS�NI�OM?�HIH=BFILCH?�=IHN;CHCHA�L?@LCA?L;HNM
�JLIJ?FF;HNM
�;H>�INB?L
=B?GC=;FM�NI�JL?M?LP?�";LNBbM�ITIH?�F;S?L��NB?�OM?�I@�GI>?LH�G;N?LC;FM�CH
?HACH??LCHA��=OLL?HN�?@@ILNM�NI�=IHNLIF�NB?�JLI<F?GM�I@�;=C>�L;CH�;H>�AFI<;F
Q;LGCHA��;H>�NB?�;Q;L?H?MM�NB;N�IOL�<I>C?M�L?KOCL?�MG;FF�;GIOHNM�I@�MIG?
=B?GC=;F�MO<MN;H=?M�NB;N�;L?�NIRC=�QB?H�CHA?MN?>�CH�F;LA?L�>IM?M���S�NB?�NCG?�SIO
@CHCMB�NBCM�N?RN
�SIO�QCFF�<?�;<F?�NI�>CM=OMM�NB?M?�ECH>M�I@�NIJC=M�EHIQF?>A?;<FS

?CNB?L�;M�;�<?ACHHCHA�M=C?HNCMN�QBI�CHN?H>M�NI�MJ?H>�SIOL�=;L??L�MNO>SCHA�MO=B
JLI<F?GM�IL�;M�;H�CH@ILG?>�I<M?LP?L�QBI�CM�;<F?�NI�J;LNC=CJ;N?�CH�JO<FC=�>?<;N?M
NB;N�QCFF�=?LN;CHFS�;LCM?�;M�MI=C?NS�AL;JJF?M�QCNB�M=C?HNC@C=�CMMO?M�
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Summary

Chemistry CM�NB?�MNO>S�I@�G;NN?L�;H>�NB?�=B;HA?M�G;N?LC;F�MO<MN;H=?M�OH>?LAI�
&N�CM�?MM?HNC;F�@IL�OH>?LMN;H>CHA�GO=B�I@�NB?�H;NOL;F�QILF>�;H>�=?HNL;F�NI�G;HS
INB?L�M=C?HNC@C=�>CM=CJFCH?M
�CH=FO>CHA�;MNLIHIGS
�A?IFIAS
�J;F?IHNIFIAS

<CIFIAS
�;H>�G?>C=CH?�

KEY TAKEAWAY

X �H�OH>?LMN;H>CHA�I@�=B?GCMNLS�CM�?MM?HNC;F�@IL�OH>?LMN;H>CHA�GO=B�I@
NB?�H;NOL;F�QILF>�;H>�CM�=?HNL;F�NI�G;HS�INB?L�>CM=CJFCH?M�
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1.2 The Scientific Method

LEARNING OBJECTIVE

�� 1I�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?GM�<S�OMCHA�;
JLI=?>OL?�=;FF?>�NB?scientific method � ��1BCM�JLI=?>OL?�=IHMCMNM�I@�G;ECHA
9,=/<@+>398=
�@ILGOF;NCHA2C:9>2/=/=
�;H>�>?MCAHCHA/B:/<37/8>=
�QBC=B�CH�NOLH�F?;>�NI
;>>CNCIH;F�I<M?LP;NCIHM
�BSJINB?M?M
�;H>�?RJ?LCG?HNM�CH�L?J?;N?>�=S=F?M��#CAOL?����
�1B?�0=C?HNC@C=�*?NBI>���
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,<M?LP;NCIHM�=;H�<?�KO;FCN;NCP?�IL�KO;HNCN;NCP?�#?+63>+>3@/�9,=/<@+>398=>?M=LC<?
JLIJ?LNC?M�IL�I==OLL?H=?M�CH�Q;SM�NB;N�>I�HIN�L?FS�IH�HOG<?LM��"R;GJF?M�I@
KO;FCN;NCP?�I<M?LP;NCIHM�CH=FO>?�NB?�@IFFIQCHA��NB?�IONMC>?�;CL�N?GJ?L;NOL?�CM�=IIF?L
>OLCHA�NB?�QCHN?L�M?;MIH
�N;<F?�M;FN�CM�;�=LSMN;FFCH?�MIFC>
�MOF@OL�=LSMN;FM�;L?�S?FFIQ

;H>�>CMMIFPCHA�;�J?HHS�CH�>CFON?�HCNLC=�;=C>�@ILGM�;�<FO?�MIFONCIH�;H>�;�<LIQH�A;M�
#?+8>3>+>3@/�9,=/<@+>398=;L?�G?;MOL?G?HNM
�QBC=B�<S�>?@CHCNCIH�=IHMCMN�I@�<INB�;
8?7,/< ;H>�; ?83>��"R;GJF?M�I@�KO;HNCN;NCP?�I<M?LP;NCIHM�CH=FO>?�NB?�@IFFIQCHA��NB?
G?FNCHA�JICHN�I@�=LSMN;FFCH?�MOF@OL�CM��������>?AL??M� ?FMCOM
�;H>������AL;GM�I@�N;<F?
M;FN_QBIM?�=B?GC=;F�H;G?�CM�MI>COG�=BFILC>?_>CMMIFP?�CH�����AL;GM�I@�Q;N?L�;N���
>?AL??M� ?FMCOM��#IL�NB?�KO?MNCIH�I@�NB?�>CHIM;OLMb�?RNCH=NCIH
�NB?�CHCNC;F
I<M?LP;NCIH�Q;M�KO;HNCN;NCP?��CLC>COG�=IH=?HNL;NCIHM�CH�M?>CG?HNM�>;NCHA�NI���
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@�I<M?LP;NCIHM

M=C?HNCMNM�A?H?L;FFS�<?ACH�;H�CHP?MNCA;NCIH�<S�@ILGCHA�;hypothesis � 
�;�N?HN;NCP?
?RJF;H;NCIH�@IL�NB?�I<M?LP;NCIH�M���1B?�BSJINB?MCM�G;S�HIN�<?�=ILL?=N
�<ON�CN�JONM
NB?�M=C?HNCMNbM�OH>?LMN;H>CHA�I@�NB?�MSMN?G�<?CHA�MNO>C?>�CHNI�;�@ILG�NB;N�=;H�<?
N?MN?>��#IL�?R;GJF?
�NB?�I<M?LP;NCIH�NB;N�Q?�?RJ?LC?H=?�;FN?LH;NCHA�J?LCI>M�I@�FCABN
;H>�>;LEH?MM�=ILL?MJIH>CHA�NI�I<M?LP?>�GIP?G?HNM�I@�NB?�MOH
�GIIH
�=FIO>M
�;H>
MB;>IQM�CM�=IHMCMN?HN�QCNB�?CNB?L�I@�NQI�BSJINB?M?M������";LNB�LIN;N?M�IH�CNM�;RCM
?P?LS����BIOLM
�;FN?LH;N?FS�?RJIMCHA�IH?�MC>?�NI�NB?�MOH
�IL�����NB?�MOH�L?PIFP?M
;LIOH>�";LNB�?P?LS����BIOLM��0OCN;<F?�?RJ?LCG?HNM�=;H�<?�>?MCAH?>�NI�=BIIM?
<?NQ??H�NB?M?�NQI�;FN?LH;NCP?M��#IL�NB?�>CM;JJ?;L;H=?�I@�NB?�>CHIM;OLM
�NB?
BSJINB?MCM�Q;M�NB;N�NB?�CGJ;=N�I@�;�F;LA?�?RNL;N?LL?MNLC;F�I<D?=N�=;OM?>�NB?CL
?RNCH=NCIH��2H@ILNOH;N?FS��IL�J?LB;JM�@ILNOH;N?FS�
�NBCM�BSJINB?MCM�>I?M�HIN�F?H>
CNM?F@�NI�>CL?=N�N?MNCHA�<S�;HS�I<PCIOM�?RJ?LCG?HN
�<ON�M=C?HNCMNM�=;H�=IFF?=N
;>>CNCIH;F�>;N;�NB;N�?CNB?L�MOJJILN�IL�L?@ON?�CN�

�@N?L�;�BSJINB?MCM�B;M�<??H�@ILG?>
�M=C?HNCMNM�=IH>O=N�?RJ?LCG?HNM�NI�N?MN�CNM
P;FC>CNS�Experiments � ;L?�MSMN?G;NC=�I<M?LP;NCIHM�IL�G?;MOL?G?HNM
�JL?@?L;<FS
G;>?�OH>?L-98><966/.=IH>CNCIHM_NB;N�CM
�OH>?L�=IH>CNCIHM�CH�QBC=B�;�MCHAF?
P;LC;<F?�=B;HA?M��#IL�?R;GJF?
�CH�IOL�?RNCH=NCIH�M=?H;LCI
�CLC>COG�=IH=?HNL;NCIHM
Q?L?�G?;MOL?>�QILF>QC>?�;H>�=IGJ;L?>����JLIJ?LFS�>?MCAH?>�;H>�?R?=ON?>
?RJ?LCG?HN�?H;<F?M�;�M=C?HNCMN�NI�>?N?LGCH?�QB?NB?L�NB?�ILCACH;F�BSJINB?MCM�CM
P;FC>��"RJ?LCG?HNM�I@N?H�>?GIHMNL;N?�NB;N�NB?�BSJINB?MCM�CM�CH=ILL?=N�IL�NB;N�CN
GOMN�<?�GI>C@C?>��*IL?�?RJ?LCG?HN;F�>;N;�;L?�NB?H�=IFF?=N?>�;H>�;H;FST?>
�;N
QBC=B�JICHN�;�M=C?HNCMN�G;S�<?ACH�NI�NBCHE�NB;N�NB?�L?MOFNM�;L?�MO@@C=C?HNFS
L?JLI>O=C<F?��C�?�
�>?J?H>;<F?��NI�G?LCN�<?CHA�MOGG;LCT?>�CH�;law� 
�;�P?L<;F�IL
G;NB?G;NC=;F�>?M=LCJNCIH�I@�;�JB?HIG?HIH�NB;N�;FFIQM�@IL�A?H?L;F�JL?>C=NCIHM���
F;Q�MCGJFS�M;SMA2+>B;JJ?HM��CN�>I?M�HIN�;>>L?MM�NB?�KO?MNCIH�I@A2C��,H?�?R;GJF?
I@�;�F;Q
�NB?law of definite proportions � 
�QBC=B�Q;M�>CM=IP?L?>�<S�NB?�#L?H=B
M=C?HNCMN�'IM?JB�-LIOMN������^�����
�MN;N?M�NB;N�;�=B?GC=;F�MO<MN;H=?�;FQ;SM
=IHN;CHM�NB?�M;G?�JLIJILNCIHM�I@�?F?G?HNM�<S�G;MM��1BOM�MI>COG�=BFILC>?��N;<F?

�� ��N?HN;NCP?�?RJF;H;NCIH�@IL
M=C?HNC@C=�I<M?LP;NCIHM�NB;N
JONM�NB?�MSMN?G�<?CHA�MNO>C?>
CHNI�;�@ILG�NB;N�=;H�<?�N?MN?>�

�� ��MSMN?G;NC=�I<M?LP;NCIH�IL
G?;MOL?G?HN
�JL?@?L;<FS�G;>?
OH>?L�=IHNLIFF?>
=IH>CNCIHM_NB;N�CM
�=IH>CNCIHM
CH�QBC=B�NB?�P;LC;<F?�I@
CHN?L?MN�CM�=F?;LFS�>CMNCHAOCMB?>
@LIG�;HS�INB?LM�

�� ��P?L<;F�IL�G;NB?G;NC=;F
>?M=LCJNCIH�I@�;�JB?HIG?HIH
NB;N�;FFIQM�@IL�A?H?L;F
JL?>C=NCIHM�;H>�M;SMA2+>
B;JJ?HM
�HINA2CCN�B;JJ?HM�

�� ��=B?GC=;F�MO<MN;H=?�;FQ;SM
=IHN;CHM�NB?�M;G?�JLIJILNCIHM
I@�?F?G?HNM�<S�G;MM�
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M;FN��;FQ;SM�=IHN;CHM�NB?�M;G?�JLIJILNCIH�<S�G;MM�I@�MI>COG�NI�=BFILCH?
�CH�NBCM
=;M?��������MI>COG�;H>��������=BFILCH?�<S�G;MM
�;H>�MO=LIM?��N;<F?�MOA;L��CM�;FQ;SM
�������=;L<IH
�������BS>LIA?H
�;H>��������IRSA?H�<S�G;MM� 6IO�QCFF�F?;LH�CH
 B;JN?L�����0IFC>M�NB;N�MIG?�MIFC>�=IGJIOH>M�>I�HIN�MNLC=NFS�I<?S�NB?�F;Q�I@
>?@CHCN?�JLIJILNCIHM��#IL�;�L?PC?Q�I@�=IGGIH�OHCNM�I@�G?;MOL?G?HN
�M??�"MM?HNC;F
0ECFFM���CH0?=NCIH������"MM?HNC;F�0ECFFM������1B?�F;Q�I@�>?@CHCN?�JLIJILNCIHM�MBIOF>
M??G�I<PCIOM_Q?�QIOF>�?RJ?=N�NB?�=IGJIMCNCIH�I@�MI>COG�=BFILC>?�NI�<?
=IHMCMN?HN_<ON�NB?�B?;>�I@�NB?�20�-;N?HN�,@@C=?�>C>�HIN�;==?JN�CN�;M�;�@;=N�OHNCF�NB?
?;LFS���NB�=?HNOLS�

4B?L?;M�;�F;Q�MN;N?M�IHFSA2+>B;JJ?HM
�;theory � ;NN?GJNM�NI�?RJF;CHA2CH;NOL?
<?B;P?M�;M�CN�>I?M��);QM�;L?�OHFCE?FS�NI�=B;HA?�AL?;NFS�IP?L�NCG?�OHF?MM�;�G;DIL
?RJ?LCG?HN;F�?LLIL�CM�>CM=IP?L?>��&H�=IHNL;MN
�;�NB?ILS
�<S�>?@CHCNCIH
�CM�CH=IGJF?N?
;H>�CGJ?L@?=N
�?PIFPCHA�QCNB�NCG?�NI�?RJF;CH�H?Q�@;=NM�;M�NB?S�;L?�>CM=IP?L?>��1B?
NB?ILS�>?P?FIJ?>�NI�?RJF;CH�NB?�?RNCH=NCIH�I@�NB?�>CHIM;OLM
�@IL�?R;GJF?
�CM�NB;N
";LNB�I==;MCIH;FFS�?H=IOHN?LM�MG;FF��NI�G?>COG�MCT?>�;MN?LIC>M
�;H>�NB?M?
?H=IOHN?LM�G;S�B;P?�OH@ILNOH;N?�CGJFC=;NCIHM�@IL�NB?�=IHNCHO?>�?RCMN?H=?�I@�GIMN
MJ?=C?M��1BCM�NB?ILS�CM�<S�HI�G?;HM�JLIP?H
�<ON�CN�CM�=IHMCMN?HN�QCNB�NB?�<OFE�I@
?PC>?H=?�;G;MM?>�NI�>;N?�#CAOL?��������0OGG;LS�I@�%IQ�NB?�0=C?HNC@C=�*?NBI>�4;M
2M?>�CH�!?P?FIJCHA�NB?��MN?LIC>�&GJ;=N�1B?ILS�NI�"RJF;CH�NB?�!CM;JJ?;L;H=?�I@�NB?
!CHIM;OLM�@LIG�";LNB�MOGG;LCT?M�NB?�;JJFC=;NCIH�I@�NB?�M=C?HNC@C=�G?NBI>�CH�NBCM
=;M?�

�� ��MN;N?G?HN�NB;N�;NN?GJNM�NI
?RJF;CHA2CH;NOL?�<?B;P?M�NB?
Q;S�CN�>I?M�
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EXAMPLE 1

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

;� &=?�;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�<?=;OM?�NB?�=IGJIH?HNM�I@

BIN�;CL�;L?�GIPCHA�GIL?�L;JC>FS�
>� 4B?H����A�I@�C=?�Q?L?�;>>?>�NI�����G)�I@�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?;FFS�CM

�������JOL?
�;M�;>P?LNCM?>�

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

Asked for: MN;N?G?HN�=F;MMC@C=;NCIH

Strategy:

/?@?L�NI�NB?�>?@CHCNCIHM�CH�NBCM�M?=NCIH�NI�>?N?LGCH?�QBC=B�=;N?AILS�<?MN
>?M=LC<?M�?;=B�MN;N?G?HN�

Solution:

;� 1BCM�CM�;�A?H?L;F�MN;N?G?HN�I@�;�L?F;NCIHMBCJ�<?NQ??H�NB?�JLIJ?LNC?M�I@
FCKOC>�;H>�MIFC>�Q;N?L
�MI�CN�CM�;�F;Q�

<� 1BCM�CM�;�JIMMC<F?�?RJF;H;NCIH�@IL�NB?�ILCACH�I@�<CL>M
�MI�CN�CM�;�BSJINB?MCM�
=� 1BCM�CM�;�MN;N?G?HN�NB;N�NLC?M�NI�?RJF;CH�NB?�L?F;NCIHMBCJ�<?NQ??H�NB?
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1.3 A Description of Matter
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GC=LIM=IJC=�?R;GCH;NCIH��*CFE
�@IL�?R;GJF?
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�CN�=F?;LFS�=IHMCMNM�I@�NCHS�AFI<OF?M�I@�@;N�;H>�JLIN?CH
>CMJ?LM?>�CH�Q;N?L��#CAOL?��������%?N?LIA?H?IOM�*CRNOL?����1B?�=IGJIH?HNM�I@
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QBC=B�=IHMCMNM�I@�J;MMCHA�NB?�GCRNOL?�NBLIOAB�;�<;LLC?L
�MO=B�;M�;�MNL;CH?L
�QCNB
BIF?M�IL�JIL?M�NB;N�;L?�MG;FF?L�NB;H�NB?�MIFC>�J;LNC=F?M��&H�JLCH=CJF?
�GCRNOL?M�I@�NQI
IL�GIL?�MIFC>M
�MO=B�;M�MOA;L�;H>�M;FN
�=;H�<?�M?J;L;N?>�<S�GC=LIM=IJC=�CHMJ?=NCIH
;H>�MILNCHA��*IL?�=IGJF?R�IJ?L;NCIHM�;L?�OMO;FFS�H?=?MM;LS
�NBIOAB
�MO=B�;M�QB?H
M?J;L;NCHA�AIF>�HOAA?NM�@LIG�LCP?L�AL;P?F�<S�J;HHCHA��#CLMN�MIFC>�G;N?LC;F�CM�@CFN?L?>
@LIG�LCP?L�Q;N?L��NB?H�NB?�MIFC>M�;L?�M?J;L;N?>�<S�CHMJ?=NCIH��&@�AIF>�CM�?G<?>>?>�CH
LI=E
�CN�G;S�B;P?�NI�<?�CMIF;N?>�OMCHA�=B?GC=;F�G?NBI>M�

%IGIA?H?IOM�GCRNOL?M��MIFONCIHM��=;H�<?�M?J;L;N?>
CHNI�NB?CL�=IGJIH?HN�MO<MN;H=?M�<S�JBSMC=;F�JLI=?MM?M
NB;N�L?FS�IH�>C@@?L?H=?M�CH�MIG?�JBSMC=;F�JLIJ?LNS
�MO=B
;M�>C@@?L?H=?M�CH�NB?CL�<ICFCHA�JICHNM��1QI�I@�NB?M?
M?J;L;NCIH�G?NBI>M�;L?�>CMNCFF;NCIH�;H>�=LSMN;FFCT;NCIH�
Distillation �� G;E?M�OM?�I@�>C@@?L?H=?M�CH@96+>363>C
�;
G?;MOL?�I@�BIQ�?;MCFS�;�MO<MN;H=?�CM�=IHP?LN?>�NI�;�A;M
;N�;�ACP?H�N?GJ?L;NOL?�#CAOL?������1B?�!CMNCFF;NCIH�I@�;
0IFONCIH�I@�1;<F?�0;FN�CH�4;N?L�MBIQM�;�MCGJF?
>CMNCFF;NCIH�;JJ;L;NOM�@IL�M?J;L;NCHA�;�GCRNOL?�I@
MO<MN;H=?M
�;N�F?;MN�IH?�I@�QBC=B�CM�;�FCKOC>��1B?�GIMN
PIF;NCF?�=IGJIH?HN�<ICFM�@CLMN�;H>�CM�=IH>?HM?>�<;=E�NI�;
FCKOC>�CH�NB?�Q;N?L�=IIF?>�=IH>?HM?L
�@LIG�QBC=B�CN
@FIQM�CHNI�NB?�L?=?CPCHA�@F;ME��&@�;�MIFONCIH�I@�M;FN�;H>
Q;N?L�CM�>CMNCFF?>
�@IL�?R;GJF?
�NB?�GIL?�PIF;NCF?
=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�

��� ��GCRNOL?�CH�QBC=B�;�G;N?LC;F
CM�HIN�=IGJF?N?FS�OHC@ILG
NBLIOABION�

��� ��JBSMC=;F�JLI=?MM�OM?>�NI
M?J;L;N?�BIGIA?H?IOM
GCRNOL?M��MIFONCIHM��CHNI�NB?CL
=IGJIH?HN�MO<MN;H=?M�
!CMNCFF;NCIH�G;E?M�OM?�I@
>C@@?L?H=?M�CH�NB?�PIF;NCFCNC?M�I@
NB?�=IGJIH?HN�MO<MN;H=?M�
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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�I@�;FOGCHOG

;H>�IRSA?H�;NIGM
?� M?F?HCOG

Given: ;�=B?GC=;F�MO<MN;H=?

Asked for: CNM�=F;MMC@C=;NCIH

Strategy:

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

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

Solution:

;� A 1?;�CM�;�MIFONCIH�I@�=IGJIOH>M�CH�Q;N?L
�MI�CN�CM�HIN�=B?GC=;FFS�JOL?��&N
CM�OMO;FFS�M?J;L;N?>�@LIG�N?;�F?;P?M�<S�@CFNL;NCIH�B �?=;OM?�NB?
=IGJIMCNCIH�I@�NB?�MIFONCIH�CM�OHC@ILG�NBLIOABION
�CN�CM�;�BIGIA?H?IOM
GCRNOL?�

<� A ,L;HA?�DOC=?�=IHN;CHM�J;LNC=F?M�I@�MIFC>��JOFJ��;M�Q?FF�;M�FCKOC>��CN�CM�HIN
=B?GC=;FFS�JOL?�B �?=;OM?�CNM�=IGJIMCNCIH�CM�HIN�OHC@ILG�NBLIOABION

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�I@�>C@@?L?HN�=IGJIMCNCIHM�PCMC<F?�;FIHA�CNM�?>A?�
%?H=?�;�=IGJ;=N�>CM=�CM�HIN�=B?GC=;FFS�JOL?�B 1B?�L?ACIHM�I@�>C@@?L?HN
=IGJIMCNCIH�CH>C=;N?�NB;N�;�=IGJ;=N�>CM=�CM�;�B?N?LIA?H?IOM�GCRNOL?�

>� A �FOGCHOG�IRC>?�CM�;�MCHAF?
�=B?GC=;FFS�JOL?�=IGJIOH>�
?� A 0?F?HCOG�CM�IH?�I@�NB?�EHIQH�?F?G?HNM�
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"R?L=CM?

&>?HNC@S�?;=B�MO<MN;H=?�;M�;�=IGJIOH>
�;H�?F?G?HN
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Answer:

;� MIFONCIH
<� ?F?G?HN
=� B?N?LIA?H?IOM�GCRNOL?
>� =IGJIOH>

Properties of Matter

�FF�G;NN?L�B;M�JBSMC=;F�;H>�=B?GC=;F�JLIJ?LNC?M�Physical properties �� ;L?
=B;L;=N?LCMNC=M�NB;N�M=C?HNCMNM�=;H�G?;MOL?�QCNBION�=B;HACHA�NB?�=IGJIMCNCIH�I@�NB?
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�MO=B�;M�G;MM
�=IFIL
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NB?�;GIOHN�I@�NB?�MO<MN;H=?�;H>�CH=FO>?�G;MM
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�;H>�PIFOG?�Intensive
properties �� 
�CH�=IHNL;MN
�>I�HIN�>?J?H>�IH�NB?�;GIOHN�I@�NB?�MO<MN;H=?��NB?S
CH=FO>?�=IFIL
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�;H>�JBSMC=;F
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�NB?CL�L;NCI�CM�;H
CGJILN;HN�CHN?HMCP?�JLIJ?LNS�=;FF?>density (d)�� ��!?HMCNS�CM�>?@CH?>�;M�G;MM�J?L
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1B?�;P?L;A?�>?HMCNC?M�I@�MIG?�=IGGIH�MO<MN;H=?M�;L?�CH1;<F?������!?HMCNC?M�I@
 IGGIH�0O<MN;H=?M���+INC=?�NB;N�=ILH�ICF�B;M�;�FIQ?L�G;MM�NI�PIFOG?�L;NCI�NB;H
Q;N?L��1BCM�G?;HM�NB;N�QB?H�;>>?>�NI�Q;N?L
�=ILH�ICF�QCFF�`@FI;N�a�"R;GJF?���MBIQM
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1;<F?���� !?HMCNC?M�I@� IGGIH�0O<MN;H=?M

Substance Density at 25¡C (g/cm3)
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Substance Density at 25¡C (g/cm3)
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EXAMPLE 3

1B?�>?HMCNC?M�I@�MIG?�=IGGIH�FCKOC>M�;L?�CH1;<F?������!?HMCNC?M�I@�)CKOC>M
CH�"R;GJF?�����&G;ACH?�SIO�B;P?�@CP?�<INNF?M�=IHN;CHCHA�=IFILF?MM�FCKOC>M
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<?;E?LM�I@�EHIQH�G;MM����G)�����=G� ���6IO�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�I@�?;=B
M;GJF?���;M?>�MIF?FS�IH�SIOL�L?MOFNM
�=;H�SIO�OH;G<CAOIOMFS�C>?HNC@S�;FF�@CP?
FCKOC>M�&@�H?=?MM;LS
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Substance Density at 25¡C (g/cm3)

Q;N?L �����

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

G?NB;HIF��QII>�;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�I@�?;=B�FCKOC>�@LIG�NB?�PIFOG?M�;H>�G;MM?M�ACP?H�

B  B?=E�NI�G;E?�MOL?�NB;N�SIOL�;HMQ?L�G;E?M�M?HM?�
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C IGJ;L?�?;=B�=;F=OF;N?>�>?HMCNS�QCNB�NBIM?�ACP?H�CH1;<F?������!?HMCNC?M
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MCAHC@C=;HNFS�>C@@?L?HN�@LIG�NB;N�I@�IH?�I@�NB?�FCKOC>M�ACP?H�CH�NB?�N;<F?
�NB?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?>�>?HMCNS

NB?H�NB?�FCKOC>�=;HHIN�<?�OH;G<CAOIOMFS�C>?HNC@C?>�

Solution:

A !?HMCNS�CM�G;MM�J?L�OHCN�PIFOG?�;H>�CM�OMO;FFS�L?JILN?>�CH�AL;GM�J?L�=O<C=
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$CP?H�NB?�PIFOG?M�;H>�G;MM?M�I@�@CP?�M;GJF?M�I@�=IGJIOH>M�OM?>�CH
<F?H>CHA�A;MIFCH?
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Sample Volume (mL) Mass (g)
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� ��� �����
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� ��� �����

� ��� �����

Substance Density (g/cm 3)
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7 �RSF?H? ������

CMII=N;H? ������

G?NBSF>�<ONSF�?NB?L ������
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Answer: � 
�G?NBSF>�<ONSF�?NB?L�� 
�CMII=N;H?�� 
 >�<ONSF�;F=IBIF�� 
�NIFO?H?
IL 7 �RSF?H?�� 
�<?HT?H?
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Summary

Matter CM�;HSNBCHA�NB;N�I==OJC?M�MJ;=?�;H>�B;Mmass��1B?�NBL??�MN;N?M�I@
G;NN?L�;L?solid
 liquid 
�;H> gas��� physical change CHPIFP?M�NB?�=IHP?LMCIH�I@
;�MO<MN;H=?�@LIG�IH?�MN;N?�I@�G;NN?L�NI�;HINB?L
�QCNBION�=B;HACHA�CNM�=B?GC=;F
=IGJIMCNCIH��*IMN�G;NN?L�=IHMCMNM�I@mixtures I@�JOL?�MO<MN;H=?M
�QBC=B�=;H
<?homogeneous�OHC@ILG�CH�=IGJIMCNCIH��ILheterogeneous �>C@@?L?HN
L?ACIHM�JIMM?MM�>C@@?L?HN�=IGJIMCNCIHM�;H>�JLIJ?LNC?M���-OL?�MO<MN;H=?M�=;H�<?
?CNB?L�=B?GC=;F�=IGJIOH>M�IL�?F?G?HNM�Compounds=;H�<?�<LIE?H�>IQH�CHNI
?F?G?HNM�<S�=B?GC=;F�L?;=NCIHM
�<ONelements =;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�<?�=F;MMC@C?>�;M
?CNB?L�JBSMC=;F�IL�=B?GC=;F��0=C?HNCMNM�=;H�I<M?LP?physical properties QCNBION
=B;HACHA�NB?�=IGJIMCNCIH�I@�NB?�MO<MN;H=?
�QB?L?;Mchemical properties
>?M=LC<?�NB?�N?H>?H=S�I@�;�MO<MN;H=?�NI�OH>?LAIchemical changes�=B?GC=;F
L?;=NCIHM��NB;N�=B;HA?�CNM�=B?GC=;F�=IGJIMCNCIH��-BSMC=;F�JLIJ?LNC?M�=;H�<?
CHN?HMCP?�IL�?RN?HMCP?�Intensive properties ;L?�NB?�M;G?�@IL�;FF�M;GJF?M��>I
HIN�>?J?H>�IH�M;GJF?�MCT?��;H>�CH=FO>?
�@IL�?R;GJF?
�=IFIL
�JBSMC=;F�MN;N?
�;H>
G?FNCHA�;H>�<ICFCHA�JICHNM�Extensive properties >?J?H>�IH�NB?�;GIOHN�I@
G;N?LC;F�;H>�CH=FO>?�G;MM�;H>�PIFOG?��1B?�L;NCI�I@�NQI�?RN?HMCP?�JLIJ?LNC?M

G;MM�;H>�PIFOG?
�CM�;H�CGJILN;HN�CHN?HMCP?�JLIJ?LNS�=;FF?>density �

KEY TAKEAWAY
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CONCEPTUAL PROBLEMS
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NUMERICAL PROBLEMS
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1.4 A Brief History of Chemistry
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Modern Chemistry
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Joseph Priestley (1733Ð1804)
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The Atomic Theory of Matter
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The Law of Multiple Proportions
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EXAMPLE 4
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Compound Mass of Hydrogen (g)
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Given: G;MM�I@�BS>LIA?H�J?L�AL;G�I@�=;L<IH�@IL�NBL??�=IGJIOH>M

Asked for:

;� L;NCIM�I@�G;MM?M�I@�BS>LIA?H�NI�=;L<IH
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Solution:
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Compound Mass of Fluorine (g)
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MOF@OL�CH�NB?M?�=IGJIOH>M���L?�NB?M?�>;N;�=IHMCMN?HN�QCNB�NB?�F;Q�I@
GOFNCJF?�JLIJILNCIHM�

<�  ;F=OF;N?�NB?�G;MM�I@�@FOILCH?�NB;N�QIOF>�=IG<CH?�QCNB���A�I@�MOF@OL�NI
@ILG�NB?�H?RN�NQI�=IGJIOH>M�CH�NB?�M?LC?M�� ;H> � �

Answer:

;� � 
 � ������IL��
�� � 
 � \����
�IL��
�� � 
 � �����
�IL��
���S?M
<� /;NCIM�I@�����;H>�����ACP?�����A�;H>�����A�I@�@FOILCH?
AL;G�I@�MOF@OL


L?MJ?=NCP?FS���+?CNB?L�I@�NB?M?�=IGJIOH>M�CM�S?N�EHIQH��

AvogadroÕs Hypothesis
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-98>+38�/;?+6�8?7,/<=�90�1+=�:+<>3-6/=� �@91+.<9G=�2C:9>2/=3=
�QBC=B�?RJF;CH?>�$;S�
)OMM;=bM�L?MOFNM
�CM�MOGG;LCT?>�B?L?�;H>�CH�J;LN��<��CH#CAOL?�������$;S�)OMM;=bM
"RJ?LCG?HNM�QCNB� BFILCH?�$;M�;H>�%S>LIA?H�$;M��

&@�!;FNIHbM�NB?ILS�I@�;NIGM�Q;M�=ILL?=N
�NB?H�?;=B�J;LNC=F?�I@�BS>LIA?H�IL�=BFILCH?
B;>�NI�=IHN;CH+>�6/+=>�>A9�+>97=I@�BS>LIA?H�IL�=BFILCH?�<?=;OM?�NQI�J;LNC=F?M�I@
BS>LIA?H�=BFILC>?�Q?L?�JLI>O=?>��1B?�MCGJF?MN_<ON�HIN�NB?�IHFS_?RJF;H;NCIH�Q;M
NB;N�BS>LIA?H�;H>�=BFILCH?�=IHN;CH?>�NQI�;NIGM�?;=B��C�?�
�NB?S�Q?L?.3+>973-��;H>
NB;N�BS>LIA?H�=BFILC>?�=IHN;CH?>�IH?�;NIG�?;=B�I@�BS>LIA?H�;H>�=BFILCH?�
�JJFSCHA�NBCM�L?;MIHCHA�NI�$;S�)OMM;=bM�L?MOFNM�QCNB�BS>LIA?H�;H>�IRSA?H�F?;>M�NI
NB?�=IH=FOMCIH�NB;N�Q;N?L�=IHN;CHM�NQI�BS>LIA?H�;NIGM�J?L�IRSA?H�;NIG�
2H@ILNOH;N?FS
�<?=;OM?�HI�>;N;�MOJJILN?>��PIA;>LIbM�BSJINB?MCM�NB;N�?KO;F
PIFOG?M�I@�A;M?M�=IHN;CH?>�?KO;F�HOG<?LM�I@�J;LNC=F?M
�BCM�?RJF;H;NCIHM�;H>
@ILGOF;M�@IL�MCGJF?�=IGJIOH>M�Q?L?�HIN�A?H?L;FFS�;==?JN?>�@IL�GIL?�NB;H���
S?;LM��!;FNIH�;H>�G;HS�INB?LM�=IHNCHO?>�NI�<?FC?P?�NB;N�Q;N?L�J;LNC=F?M�=IHN;CH?>
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�I@�NB?�=IH=?JN�I@�NB?�;NIG�CM�MOGG;LCT?>
CH#CAOL?���������0OGG;LS�I@�NB?�%CMNILC=;F�!?P?FIJG?HN�I@�NB?� IH=?JN�I@�NB?
�NIG� �

�P�O�F�W�P�M�V�N�F

�	�P�S�Q�B�S�U�J�D�M�F�
�P�G

�I�Z�E�S�P�H�F�O

��
�P�O�F�W�P�M�V�N�F

�	�P�S�Q�B�S�U�J�D�M�F�
�P�G

�D�I�M�P�S�J�O�F

�í

�U�X�P�W�P�M�V�N�F�T

�	�P�S�Q�B�S�U�J�D�M�F�T�
�P�G

�I�Z�E�S�P�H�F�O�D�I�M�P�S�J�E�F
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Summary

1B?�;H=C?HN�$L??EM�@CLMN�JLIJIM?>�NB;N�G;NN?L�=IHMCMN?>�I@�@OH>;G?HN;F
J;LNC=F?M�=;FF?>atoms�� B?GCMNLS�NIIE�CNM�JL?M?HN�M=C?HNC@C=�@ILG�CH�NB?���NB
=?HNOLS
�QB?H�=;L?@OF�KO;HNCN;NCP?�?RJ?LCG?HNM�<S�);PICMC?L
�-LIOMN
�;H>
!;FNIH�L?MOFN?>�CH�NB?�F;Q�I@�>?@CHCN?�JLIJILNCIHM
�NB?law of conservation of
mass
�;H>�NB?law of multiple proportions 
�QBC=B�F;C>�NB?�ALIOH>QILE�@IL
!;FNIHbM�;NIGC=�NB?ILS�I@�G;NN?L��&H�J;LNC=OF;L
��PIA;>LIbM�BSJINB?MCM�JLIPC>?>
NB?�@CLMN�FCHE�<?NQ??H�NB?�G;=LIM=IJC=�JLIJ?LNC?M�I@�;�MO<MN;H=?��CH�NBCM�=;M?

NB?�PIFOG?�I@�;�A;M��;H>�NB?�HOG<?L�I@�;NIGM�IL�GIF?=OF?M�JL?M?HN�
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KEY TAKEAWAY

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

CONCEPTUAL PROBLEMS

�� !?@CH?-97,?=>398;H>�>CM=OMM�NB?�=IHNLC<ONCIHM�G;>?�<S�-LC?MNF?S�;H>
);PICMC?L�NIQ;L>�OH>?LMN;H>CHA�;�=IG<OMNCIH�L?;=NCIH�

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

�� !I?M�NB?�F;Q�I@�GOFNCJF?�JLIJILNCIHM�;JJFS�NI�<INB�G;MM�L;NCIM�;H>�;NIGC=
L;NCIM��4BS�IL�QBS�HIN�

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

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

�� !I?M���)�I@�;CL�=IHN;CH�NB?�M;G?�HOG<?L�I@�J;LNC=F?M�;M���)�I@�HCNLIA?H�A;M�
"RJF;CH�SIOL�;HMQ?L�
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NUMERICAL PROBLEMS

"6/+=/�,/�=?</�C9?�+</�0+7363+<�A3>2�>2/�>9:3-=�.3=-?==/.�38��==/8>3+6�%5366=�
��%/->398

�����==/8>3+6�%5366=�
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�� ,H?�I@�NB?�GCH?L;FM�@IOH>�CH�MICF�B;M�;H��F�0C�,�;NIGC=�L;NCI�I@��������������&M
NBCM�=IHMCMN?HN�QCNB�NB?�F;Q�I@�GOFNCJF?�JLIJILNCIHM��4BS�IL�QBS�HIN��&M�NB?
L;NCI�I@�?F?G?HNM�=IHMCMN?HN�QCNB�!;FNIHbM�;NIGC=�NB?ILS�I@�G;NN?L�

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

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

Compound Mass of Oxygen (g)

� ����

� ����

�

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

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

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

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

� ���� ����

� ���� ����

�

;� !?N?LGCH?�NB?�L;NCIM�I@�NB?�G;MM?M�I@�NCN;HCOG�;H>�G;AH?MCOG�NB;N
=IG<CH?�QCNB������A�I@�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<CH?�QCNB
�����A�I@�IRSA?H�NI�@ILG�;HINB?L�JIMMC<F?�=IGJIOH>�CH�NB?�M?LC?M�� �
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1.5 The Atom

LEARNING OBJECTIVE

�� 1I�<?=IG?�@;GCFC;L�QCNB�NB?�=IGJIH?HNM�;H>�MNLO=NOL?�I@�NB?�;NIG�

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

�NIGM�=IHMCMN�I@electrons �� 
 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;P?�<??H
>CM=IP?L?>
�<ON�CN�CM�MO@@C=C?HN�@IL�IOL�>CM=OMMCIH�I@�=B?GC=;F�JLCH=CJF?M�0IG?
JLIJ?LNC?M�I@�NB?M?�MO<;NIGC=�J;LNC=F?M�;L?�MOGG;LCT?>�CH1;<F?������-LIJ?LNC?M�I@
0O<;NIGC=�-;LNC=F?M��
�QBC=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=;F�CH
G;AHCNO>?�<ON�IJJIMCN?�CH�MCAH��4?�OMO;FFS�;MMCAH</6+>3@/=B;LA?M�I@�d�
;H>�	��NI�NB?�?F?=NLIH�;H>�JLINIH
�L?MJ?=NCP?FS�

�� +?ONLIHM�B;P?�;JJLIRCG;N?FS�NB?�M;G?�G;MM�;M�JLINIHM�<ON�HI�=B;LA?�
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�NB?
G;MM�I@�;H�?F?=NLIH��-LINIHM�;H>�H?ONLIHM�=IHMNCNON?�<S�@;L�NB?�<OFE�I@
NB?�G;MM�I@�;NIGM�

1B?�>CM=IP?LS�I@�NB?�?F?=NLIH�;H>�NB?�JLINIH�Q;M�=LO=C;F�NI�NB?�>?P?FIJG?HN�I@�NB?
GI>?LH�GI>?F�I@�NB?�;NIG�;H>�JLIPC>?M�;H�?R=?FF?HN�=;M?�MNO>S�CH�NB?�;JJFC=;NCIH
I@�NB?�M=C?HNC@C=�G?NBI>��&H�@;=N
�NB?�?FO=C>;NCIH�I@�NB?�;NIGbM�MNLO=NOL?�CM�IH?�I@�NB?
AL?;N?MN�>?N?=NCP?�MNILC?M�CH�NB?�BCMNILS�I@�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?MC>?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?OM�I@�;FGIMN�;FF�;NIGM�
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1;<F?���� -LIJ?LNC?M�I@�0O<;NIGC=�-;LNC=F?M�

Particle Mass (g)
Atomic Mass

(amu)
Electrical Charge

(coulombs)
Relative
Charge

?F?=NLIH����� e�� d�� ��������� d����� e�� d�� d�

JLINIH ����� e�� d�� �������� 	����� e�� d�� 	�

H?ONLIH����� e�� d�� �������� � �

* 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>�I@�NB?���NB�=?HNOLS
�CN�Q;M�Q?FF
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<?��=;OM?>�?F?=NLC=CNS�NI�@FIQ�NBLIOAB�NB?�A;M
�QBC=B
NB?H�?GCNN?>�FCABN��#CAOL?���������$;M�!CM=B;LA?�1O<?
-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�?GCNN?>�@LIG�NB?-+>29./
�IL
H?A;NCP?FS�=B;LA?>�?F?=NLI>?��B?H=?�NBCM�@ILG�I@�?H?LAS
Q;M�=;FF?>-+>29./�<+C=��&H�����
�NB?��LCNCMB�JBSMC=CMN�'��'�
1BIGMIH������^������JLIP?>�NB;N�;NIGM�Q?L?�HIN�NB?
OFNCG;N?�@ILG�I@�G;NN?L��%?�>?GIHMNL;N?>�NB;N�=;NBI>?
L;SM�=IOF>�<?�>?@F?=N?>
�IL�<?HN
�<S�G;AH?NC=�IL�?F?=NLC=
@C?F>M
�QBC=B�CH>C=;N?>�NB;N�=;NBI>?�L;SM�=IHMCMN�I@
=B;LA?>�J;LNC=F?M��#CAOL?�������!?@F?=NCIH�I@� ;NBI>?
/;SM�<S�;H�"F?=NLC=�#C?F>����*IL?�CGJILN;HN
�<S
G?;MOLCHA�NB?�?RN?HN�I@�NB?�>?@F?=NCIH�I@�NB?�=;NBI>?
L;SM�CH�G;AH?NC=�IL�?F?=NLC=�@C?F>M�I@�P;LCIOM�MNL?HANBM

1BIGMIH�Q;M�;<F?�NI�=;F=OF;N?�NB?7+==�>9�-2+<1/�<+>39I@
NB?�J;LNC=F?M��1B?M?�J;LNC=F?M�Q?L?�?GCNN?>�<S�NB?�H?A;NCP?FS�=B;LA?>�=;NBI>?�;H>
L?J?FF?>�<S�NB?�H?A;NCP?�N?LGCH;F�I@�;H�?F?=NLC=�@C?F>���?=;OM?�FCE?�=B;LA?M�L?J?F
?;=B�INB?L�;H>�IJJIMCN?�=B;LA?M�;NNL;=N
�1BIGMIH�=IH=FO>?>�NB;N�NB?�J;LNC=F?M�B;>
;�H?N�H?A;NCP?�=B;LA?��Q?�HIQ�=;FF�NB?M?�J;LNC=F?Melectrons��*IMN�CGJILN;HN�@IL
=B?GCMNLS
�1BIGMIH�@IOH>�NB;N�NB?�G;MM�NI�=B;LA?�L;NCI�I@�=;NBI>?�L;SM�Q;M
CH>?J?H>?HN�I@�NB?�H;NOL?�I@�NB?�G?N;F�?F?=NLI>?M�IL�NB?�A;M
�QBC=B�MOAA?MN?>�NB;N
?F?=NLIHM�Q?L?�@OH>;G?HN;F�=IGJIH?HNM�I@�;FF�;NIGM�

 B;JN?L���&HNLI>O=NCIH�NI� B?GCMNLS

����1B?��NIG ��



�31?</�
�
� �/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=><+>381�>2+>
>2/C�+</�8/1+>3@/6C�-2+<1/.�

0O<M?KO?HNFS
�NB?��G?LC=;H�M=C?HNCMN�/I<?LN�*CFFCE;H������^������=;LLC?>�ION�;
M?LC?M�I@�?RJ?LCG?HNM�OMCHA�?F?=NLC=;FFS�=B;LA?>�ICF�>LIJF?NM
�QBC=B�;FFIQ?>�BCG�NI
=;F=OF;N?�NB?�=B;LA?�IH�;�MCHAF?�?F?=NLIH��4CNB�NBCM�CH@ILG;NCIH�;H>�1BIGMIHbM
G;MM�NI�=B;LA?�L;NCI
�*CFFCE;H�>?N?LGCH?>�NB?�G;MM�I@�;H�?F?=NLIH�

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

Radioactivity

1B?�M?=IH>�FCH?�I@�CHP?MNCA;NCIH�<?A;H�CH�����
�QB?H�NB?�#L?H=B�JBSMC=CMN�%?HLC
�?=KO?L?F������^������>CM=IP?L?>�NB;N�=?LN;CH�GCH?L;FM
�MO=B�;M�OL;HCOG�M;FNM

?GCNN?>�;�H?Q�@ILG�I@�?H?LAS���?=KO?L?FbM�QILE�Q;M�AL?;NFS�?RN?H>?>�<S�*;LC?
 OLC?������^������;H>�B?L�BOM<;H>
�-C?LL?������^�������;FF�NBL??�MB;L?>�NB?�+I<?F
-LCT?�CH�-BSMC=M�CH�������*;LC?� OLC?�=ICH?>�NB?�N?LGradioactivity �� �@LIG�NB?
);NCH<+.3?=
�G?;HCHA�`L;Sa��NI�>?M=LC<?�NB?�?GCMMCIH�I@�?H?LAS�L;SM�<S�G;NN?L��0B?
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Radium bromide illuminated
by its own radioactive glow.
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The Atomic Model
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Summary
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KEY TAKEAWAY
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NUMERICAL PROBLEMS
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1.6 Isotopes and Atomic Masses

LEARNING OBJECTIVE
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EXAMPLE 5
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MSG<IF�I@�NB?�?F?G?HN�

Solution:

A 1B?�?F?G?HN�QCNB����JLINIHM��;NIGC=�HOG<?L�I@�����CM�F?;>��-<�

B #IL�NB?�@CLMN�CMINIJ?
� �����JLINIHM 	 ����H?ONLIHM��������0CGCF;LFS
� �
�� 	 ����������;H> � ���� 	 ����������@IL�NB?�M?=IH>�;H>�NBCL>�CMINIJ?M


L?MJ?=NCP?FS��1B?�MSG<IFM�@IL�NB?M?�CMINIJ?M�;L?�1����
������ �C�
 �1����

������ �C�
;H> �1����
������ �C�


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�CNM�CMINIJ?M
QCNB����;H>����H?ONLIHM�

Answer: �#����
���� �S;H> �#����

���� �SIL
�GIL?�=IGGIHFS
�� �L�;H> �� �L�

�FNBIOAB�NB?�G;MM?M�I@�NB?�?F?=NLIH
�NB?�JLINIH
�;H>�NB?�H?ONLIH�;L?�EHIQH�NI�;
BCAB�>?AL??�I@�JL?=CMCIH��1;<F?������-LIJ?LNC?M�I@�0O<;NIGC=�-;LNC=F?M���
�NB?�G;MM

 B;JN?L���&HNLI>O=NCIH�NI� B?GCMNLS

����&MINIJ?M�;H>��NIGC=�*;MM?M ��

averill_1.0-ch96appH#averill_1.0-ch96appH
averill_1.0-ch96appH#averill_1.0-ch96appH
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�JLINIHM
�;H>
H?ONLIHM��#IL�?R;GJF?
�NB?�L;NCI�I@�NB?�G;MM?M�I@� %��BS>LIA?H��;H>� %��>?ON?LCOG�
CM�;=NO;FFS���������
�L;NB?L�NB;H���������;M�JL?>C=N?>�@LIG�NB?�HOG<?LM�I@�H?ONLIHM
;H>�JLINIHM�JL?M?HN���FNBIOAB�NB?�>C@@?L?H=?�CH�G;MM�CM�MG;FF
�CN�CM�?RNL?G?FS
CGJILN;HN�<?=;OM?�CN�CM�NB?�MIOL=?�I@�NB?�BOA?�;GIOHNM�I@�?H?LAS�L?F?;M?>�CH
HO=F?;L�L?;=NCIHM�� B;JN?L�����+O=F?;L� B?GCMNLS���

�?=;OM?�;NIGM�;L?�GO=B�NII�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�;==OL;N?FS�G?;MOL?+,=96?>/;NIGC=�G;MM?M�
0=C?HNCMNM�=;H�G?;MOL?</6+>3@/;NIGC=�G;MM?M�P?LS�;==OL;N?FS
�BIQ?P?L
�OMCHA�;H
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?F?=NLIHM�;L?�L?GIP?>�@LIG�IL�;>>?>�NI�;NIGM�IL�GIF?=OF?M
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�NB?�CIHM�;L?
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�FCE?�NB?�?F?=NLIHM�CH�1BIGMIHbM�?RJ?LCG?HN��1B?
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�;H>�NB?�H?ONLIHM
�;H>+,=96?>/;NIGC=�G;MM?M�=;HHIN�<?�G?;MOL?>
�<ON
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NI�=;F=OF;N?�HOG?LC=;F�P;FO?M�@IL�NB?�L?MN�
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��� ��=B;LA?>�J;LNC=F?�JLI>O=?>
QB?H�IH?�IL�GIL?�?F?=NLIHM�CM
L?GIP?>�@LIG�IL�;>>?>�NI�;H
;NIG�IL�GIF?=OF?�
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1B?�;L<CNL;LS�MN;H>;L>�NB;N�B;M�<??H�?MN;<FCMB?>�@IL�>?M=LC<CHA�;NIGC=�G;MM�CM�NB?
atomic mass unit (amu) �� 
�>?@CH?>�;M�IH?�NQ?F@NB�I@�NB?�G;MM�I@�IH?�;NIG�I@��  �
�?=;OM?�NB?�G;MM?M�I@�;FF�INB?L�;NIGM�;L?�=;F=OF;N?>�L?F;NCP?�NI�NB?��  �MN;H>;L>

��  �CM�NB?�IHFS�;NIG�FCMN?>�CH1;<F?������-LIJ?LNC?M�I@�0?F?=N?>�&MINIJ?M�QBIM?�?R;=N
;NIGC=�G;MM�CM�?KO;F�NI�NB?�G;MM�HOG<?L��"RJ?LCG?HNM�B;P?�MBIQH�NB;N���;GO��
���� e�� d�� A�

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

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

1B?�J?LCI>C=�N;<F?��M?? B;JN?L������JJ?H>CR�%��-?LCI>C=�1;<F?�I@�"F?G?HNM���FCMNM
NB?�;NIGC=�G;MM?M�I@�;FF�NB?�?F?G?HNM��&@�SIO�=IGJ;L?�NB?M?�P;FO?M�QCNB�NBIM?�ACP?H
@IL�MIG?�I@�NB?�CMINIJ?M�CH1;<F?������-LIJ?LNC?M�I@�0?F?=N?>�&MINIJ?M�
�SIO�=;H�M??
NB;N�NB?�;NIGC=�G;MM?M�ACP?H�CH�NB?�J?LCI>C=�N;<F?�H?P?L�=ILL?MJIH>�?R;=NFS�NI
NBIM?�I@�;HS�I@�NB?�CMINIJ?M���?=;OM?�GIMN�?F?G?HNM�?RCMN�;M�GCRNOL?M�I@�M?P?L;F
MN;<F?�CMINIJ?M
�NB?atomic mass I@�;H�?F?G?HN�CM�>?@CH?>�;M�NB?�Q?CABN?>�;P?L;A?
I@�NB?�G;MM?M�I@�NB?�CMINIJ?M��#IL�?R;GJF?
�H;NOL;FFS�I==OLLCHA�=;L<IH�CM�F;LA?FS�;
GCRNOL?�I@�NQI�CMINIJ?M����������  ��G;MM������;GO�<S�>?@CHCNCIH��;H>��������  
�G;MM�������������;GO���1B?�J?L=?HN�;<OH>;H=?�I@��  �CM�MI�FIQ�NB;N�CN�=;H�<?
CAHIL?>�CH�NBCM�=;F=OF;NCIH��1B?+@/<+1/;NIGC=�G;MM�I@�=;L<IH�CM�NB?H�=;F=OF;N?>�;M

������� e���;GO� 	 ������� e����������;GO����������;GO

 ;L<IH�CM�JL?>IGCH;HNFS��  
�MI�CNM�;P?L;A?�;NIGC=�G;MM�MBIOF>�<?�=FIM?�NI����;GO

QBC=B�CM�CH�;AL??G?HN�QCNB�IOL�=;F=OF;NCIH�

1B?�P;FO?�I@�������CM�MBIQH�OH>?L�NB?�MSG<IF�@IL� �CH�NB?�J?LCI>C=�N;<F?��M??
 B;JN?L������JJ?H>CR�%��-?LCI>C=�1;<F?�I@�"F?G?HNM��
�;FNBIOAB�QCNBION�NB?
;<<L?PC;NCIH+7?
�QBC=B�CM�=OMNIG;LCFS�IGCNN?>��1BOM�NB?�N;<OF;N?>+>973-�7+==I@

�N�B�T�T�P�G�)��

�N�B�T�T�P�G�$����
�m�N�B�T�T�P�G�$���� �� ���������������� �m���� �B�N�V�� �����������������B�N�V

��� ,H?�NQ?F@NB�I@�NB?�G;MM�I@�IH?

;NIG�I@ �$���� �

�� �B�N�V�� �������� �m�����1���� �H�
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EXAMPLE 6

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

Isotope Exact Mass (amu) Percent Abundance (%)

�� �L ������� �����

�� �L ������� �����

 ;F=OF;N?�NB?�;NIGC=�G;MM�I@�<LIGCH?�

Given: ?R;=N�G;MM�;H>�J?L=?HN�;<OH>;H=?

Asked for: ;NIGC=�G;MM

Strategy:

A  IHP?LN�NB?�J?L=?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�@L;=NCIH
�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�I@�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�I@�NB?�CMINIJ?M��&H
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�I@�CMINIJ?
��9 	 8�G;MM�I@�CMINIJ?�����G;MM�@L;=NCIH�I@�CMINIJ?���9	 ]

�LIGCH?�B;M�IHFS�NQI�CMINIJ?M�� IHP?LNCHA�NB?�J?L=?HN�;<OH>;H=?M�NI�G;MM
@L;=NCIHM�ACP?M
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B *OFNCJFSCHA�NB?�?R;=N�G;MM�I@�?;=B�CMINIJ?�<S�NB?�=ILL?MJIH>CHA�G;MM
@L;=NCIH�ACP?M�NB?�CMINIJ?bM�Q?CABN?>�G;MM�

�� �L����������;GO e���������������;GO

�� �L����������;GO e���������������;GO

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?M
�QBC=B
CM�?RJ?=N?>�<?=;OM?�NB?�J?L=?HN�;<OH>;H=?�I@�?;=B�CM�;JJLIRCG;N?FS�����

"R?L=CM?

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

Isotope Exact Mass (amu) Percent Abundance (%)

�� *A �������� �����

�� *A �������� �����

�� *A �������� �����

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

Answer: ������;GO

�#���� �S��
����������
������

�� ������������

�#���� �S��
����������
������

�� ������������

 B;JN?L���&HNLI>O=NCIH�NI� B?GCMNLS

����&MINIJ?M�;H>��NIGC=�*;MM?M ��



Summary

";=B�;NIG�I@�;H�?F?G?HN�=IHN;CHM�NB?�M;G?�HOG<?L�I@�JLINIHM
�QBC=B�CM�NB?
atomic number �* ���+?ONL;F�;NIGM�B;P?�NB?�M;G?�HOG<?L�I@�?F?=NLIHM�;H>
JLINIHM���NIGM�I@�;H�?F?G?HN�NB;N�=IHN;CH�>C@@?L?HN�HOG<?LM�I@�H?ONLIHM�;L?
=;FF?>isotopes��";=B�CMINIJ?�I@�;�ACP?H�?F?G?HN�B;M�NB?�M;G?�;NIGC=�HOG<?L
<ON�;�>C@@?L?HNmass number �� �
�QBC=B�CM�NB?�MOG�I@�NB?�HOG<?LM�I@�JLINIHM
;H>�H?ONLIHM��1B?�L?F;NCP?�G;MM?M�I@�;NIGM�;L?�L?JILN?>�OMCHA�NB?atomic mass
unit �amu�
�QBC=B�CM�>?@CH?>�;M�IH?�NQ?F@NB�I@�NB?�G;MM�I@�IH?�;NIG�I@
=;L<IH���
�QCNB���JLINIHM
���H?ONLIHM
�;H>���?F?=NLIHM��1B?atomic mass I@�;H
?F?G?HN�CM�NB?�Q?CABN?>�;P?L;A?�I@�NB?�G;MM?M�I@�NB?�H;NOL;FFS�I==OLLCHA
CMINIJ?M��4B?H�IH?�IL�GIL?�?F?=NLIHM�;L?�;>>?>�NI�IL�L?GIP?>�@LIG�;H�;NIG�IL
GIF?=OF?
�;�=B;LA?>�J;LNC=F?�=;FF?>�;Hion CM�JLI>O=?>
�QBIM?�=B;LA?�CM
CH>C=;N?>�<S�;�MOJ?LM=LCJN�;@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?>�<S
NB?�HOG<?L�I@�CNM�JLINIHM�;H>�H?ONLIHM
�QB?L?;M�NB?�HOG<?L�I@�JLINIHM
;H>�?F?=NLIHM�>?N?LGCH?M�CNM�=B;LA?�
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CONCEPTUAL PROBLEMS

��  IGJF?N?�NB?�@IFFIQCHA�N;<F?�@IL�NB?�GCMMCHA�?F?G?HNM
�MSG<IFM
�;H>�HOG<?LM
I@�?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
�;H>�HOG<?LM
I@�?F?=NLIHM�

Element Symbol Number of Electrons

F;HNB;HOG

&L

;FOGCHOG

��

MI>COG

0C

�

�?

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

�� 4B;N�CMINIJC=�MN;H>;L>�CM�OM?>�@IL�>?N?LGCHCHA�NB?�G;MM�I@�;H�;NIG�

�� $CP?�NB?�MSG<IF�9Z
A @IL�NB?M?�?F?G?HNM
�;FF�I@�QBC=B�?RCMN�;M�;�MCHAF?�CMINIJ?�

;� <?LSFFCOG
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<� LONB?HCOG
=� JBIMJBILOM
>� ;FOGCHOG
?� =?MCOG
@�JL;M?I>SGCOG
A� =I<;FN
B� SNNLCOG
C� ;LM?HC=

�� $CP?�NB?�MSG<IF�9Z
A @IL�NB?M?�?F?G?HNM
�;FF�I@�QBC=B�?RCMN�;M�;�MCHAF?�CMINIJ?�

;� @FOILCH?
<� B?FCOG
=� N?L<COG
>� CI>CH?
?� AIF>
@�M=;H>COG
A� MI>COG
B� HCI<COG
C� G;HA;H?M?

�� &>?HNC@S�?;=B�?F?G?HN
�L?JL?M?HN?>�<S�5
�NB;N�B;P?�NB?�ACP?H�MSG<IFM�

;� �9����
����

<� �9����
����

=� �9����
����

>� �9����
������

?� �9����
����

@� �9����
������
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NUMERICAL PROBLEMS

"6/+=/�,/�=?</�C9?�+</�0+7363+<�A3>2�>2/�>9:3-=�.3=-?==/.�38��==/8>3+6�%5366=�
��%/->398

�����==/8>3+6�%5366=�
���,/09</�:<9-//.381�>9�>2/� ?7/<3-+6�"<9,6/7=�

�� 1B?�CMINIJ?M��� &�;H>��  I�;L?�=IGGIHFS�OM?>�CH�G?>C=CH?��!?N?LGCH?�NB?
HOG<?L�I@�H?ONLIHM
�JLINIHM
�;H>�?F?=NLIHM�CH�;�H?ONL;F�;NIG�I@�?;=B�

�� !?N?LGCH?�NB?�HOG<?L�I@�JLINIHM
�H?ONLIHM
�;H>�?F?=NLIHM�CH�;�H?ONL;F�;NIG�I@
?;=B�CMINIJ?�

;� �� 1=
<� ��� &H
=� �� +C
>� �� #?
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1.7 Introduction to the Periodic Table
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EXAMPLE 7
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The Alkali Metals
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CONCEPTUAL PROBLEMS
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?� MNLIHNCOG
@�=?LCOG
A� MI>COG

ANSWER

�� Symbol Type

#? G?N;F��NL;HMCNCIH�G?N;F

1; G?N;F��NL;HMCNCIH�G?N;F

0 HIHG?N;F

0C M?GCG?N;F

 F HIHG?N;F��B;FIA?H�

+C 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
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1.8 Essential Elements for Life

LEARNING OBJECTIVE
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Classification of the Essential Elements
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Trace Elements (mg)

CLIH ���� F?;> ��

MCFC=IH ���� <;LCOG ��

TCH= ���� GIFS<>?HOG ��

LO<C>COG ��� <ILIH ��

=IJJ?L ��� ;LM?HC= V�

MNLIHNCOG ��� =I<;FN V�

<LIGCH? ��� =BLIGCOG V�

NCH ��� HC=E?F V�

G;HA;H?M? �� M?F?HCOG V�

CI>CH? �� FCNBCOG V�

;FOGCHOG �� P;H;>COG V�

The Trace Elements

�?=;OM?�CN�CM�>C@@C=OFN�NI�>?N?=N�FIQ�F?P?FM�I@�MIG?�?MM?HNC;F�?F?G?HNM
�NB?�NL;=?
?F?G?HNM�Q?L?�L?F;NCP?FS�MFIQ�NI�<?�L?=IAHCT?>�;M�?MM?HNC;F��&LIH�Q;M�NB?�@CLMN��&H�NB?
��NB�=?HNOLS
�;H?GC;�Q;M�JLIP?>�NI�<?�=;OM?>�<S�;H�CLIH�>?@C=C?H=S�;H>�I@N?H�Q;M
=OL?>�<S�MOJJF?G?HNCHA�NB?�>C?N�QCNB�?RNL;=NM�I@�LOMNS�H;CFM��&N�Q;M�HIN�OHNCF�NB?
��NB�=?HNOLS
�BIQ?P?L
�NB;N�NL;=?�;GIOHNM�I@�CI>CH?�Q?L?�@IOH>�NI�?FCGCH;N?�AICN?L
�;H�?HF;LA?>�NBSLIC>�AF;H>���1BCM�CM�QBS�=IGGIH�N;<F?�M;FN�CM�`CI>CT?>a��;�MG;FF
;GIOHN�I@�CI>CH?�CM�;>>?>�� IJJ?L�Q;M�MBIQH�NI�<?�?MM?HNC;F�@IL�BOG;HM�CH�����

;H>�G;HA;H?M?
�TCH=
�;H>�=I<;FN�MIIH�;@N?L�NB;N��*IFS<>?HOG�Q;M�HIN�EHIQH�NI�<?
;H�?MM?HNC;F�?F?G?HN�OHNCF�����
�;H>�NB?�H??>�@IL�=BLIGCOG
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Amplification
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Summary

�<ION����I@�NB?�;JJLIRCG;N?FS�����EHIQH�?F?G?HNM�;L?�?MM?HNC;F�@IL�BOG;HM�
�H essential element CM�IH?�QBIM?�;<M?H=?�L?MOFNM�CH�;<HILG;F�<CIFIAC=;F
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KEY TAKEAWAY
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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 �==OL;=S�;H>�-L?=CMCIH

1BCM�M?=NCIH�>?M=LC<?M�MIG?�I@�NB?�@OH>;G?HN;F�G;NB?G;NC=;F�MECFFM�SIO�QCFF�H??>�NI
=IGJF?N?�NB?�KO?MNCIHM�;H>�JLI<F?GM�CH�NBCM�N?RN��#IL�MIG?�I@�SIO
�NBCM�>CM=OMMCIH
QCFF�M?LP?�;M�;�L?PC?Q
�QB?L?;M�INB?LM�G;S�<?�?H=IOHN?LCHA�;N�F?;MN�MIG?�I@�NB?
C>?;M�;H>�N?=BHCKO?M�@IL�NB?�@CLMN�NCG?��4?�QCFF�CHNLI>O=?�INB?L�G;NB?G;NC=;F�MECFFM
CH�MO<M?KO?HN�"MM?HNC;F�0ECFFM�M?=NCIHM�;M�NB?�H??>�;LCM?M���?�MOL?�SIO�;L?�@;GCFC;L
QCNB�NB?�NIJC=M�>CM=OMM?>�B?L?�<?@IL?�SIO�MN;LN�NB? B;JN?L����&HNLI>O=NCIH�NI
 B?GCMNLS�JLI<F?GM�

Measurement
Instruments of Measurement
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Graduated glassware3=�?=/.�>9�./63@/<�@+<3+,6/�@96?7/=�90�63;?3.�

Volumetric glassware3=�?=/.�>9�./63@/<��:3:/>>/��9<�-98>+38��@96?7/><3-�06+=5��+�=3816/�@96?7/�+--?<+>/6C�A2/8
0366/.�>9�>2/�-+63,<+>398�7+<5�
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� balance3=�?=/.�>9�7/+=?</�7+==�
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>?M=LC<?>�CH0?=NCIH������&MINIJ?M�;H>��NIGC=�*;MM?M��

SI Units

�FF�L?JILN?>�G?;MOL?G?HNM�GOMN�CH=FO>?�;H�;JJLIJLC;N?�OHCN�I@�G?;MOL?G?HN
<?=;OM?�NI�M;S�NB;N�;�MO<MN;H=?�B;M�`;�G;MM�I@���
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�NIHM
�IL�MIG?�INB?L�OHCN��1I
?MN;<FCMB�QILF>QC>?�MN;H>;L>M�@IL�NB?�=IHMCMN?HN�G?;MOL?G?HN�I@�CGJILN;HN
JBSMC=;F�;H>�=B?GC=;F�JLIJ?LNC?M
�;H�CHN?LH;NCIH;F�<I>S�=;FF?>�NB?�$?H?L;F
 IH@?L?H=?�IH�4?CABNM�;H>�*?;MOL?M�>?PCM?>�NB?Syst•me internationale dÕunitŽs
(or SI)�� ��1B?�&HN?LH;NCIH;F�0SMN?G�I@�2HCNM�CM�<;M?>�IH�G?NLC=�OHCNM�;H>�L?KOCL?M
NB;N�G?;MOL?G?HNM�<?�?RJL?MM?>�CH�>?=CG;F�@ILG�1;<F?������0&��;M?�2HCNM�FCMNM�NB?
M?P?H�<;M?�OHCNM�I@�NB?�0&�MSMN?G��;FF�INB?L�0&�OHCNM�I@�G?;MOL?G?HN�;L?�>?LCP?>
@LIG�NB?G�

��� 1B?�;GIOHN�I@�MJ;=?�I==OJC?>
<S�;�M;GJF?�I@�G;NN?L�

��� ��MSMN?G�I@�OHCNM�<;M?>�IH
G?NLC=�OHCNM�NB;N�L?KOCL?M
G?;MOL?G?HNM�NI�<?�?RJL?MM?>
CH�>?=CG;F�@ILG��1B?L?�;L?
M?P?H�<;M?�OHCNM�CH�NB?�0&
MSMN?G�
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�S�;NN;=BCHA�JL?@CR?M�NI�NB?�<;M?�OHCN
�NB?�G;AHCNO>?�I@�NB?�OHCN�CM�CH>C=;N?>��?;=B
JL?@CR�CH>C=;N?M�NB;N�NB?�<;M?�OHCN�CM�GOFNCJFC?>�<S�;�MJ?=C@C?>�JIQ?L�I@�����1B?
JL?@CR?M
�NB?CL�MSG<IFM
�;H>�NB?CL�HOG?LC=;F�MCAHC@C=;H=?�;L?�ACP?H�CH1;<F?����
�-L?@CR?M�2M?>�QCNB�0&�2HCNM���1I�MNO>S�=B?GCMNLS
�SIO�H??>�NI�EHIQ�NB?
CH@ILG;NCIH�JL?M?HN?>�CH1;<F?������0&��;M?�2HCNM�;H> 1;<F?������-L?@CR?M�2M?>�QCNB
0&�2HCNM��

1;<F?���� 0&��;M?�2HCNM

Base Quantity Unit Name Abbreviation

G;MM ECFIAL;G EA

F?HANB G?N?L G

NCG? M?=IH> M

N?GJ?L;NOL? E?FPCH (

?F?=NLC=�=OLL?HN;GJ?L? �

;GIOHN�I@�MO<MN;H=?GIF? GIF

FOGCHIOM�CHN?HMCNS=;H>?F; =>

1;<F?���� -L?@CR?M�2M?>�QCNB�0&�2HCNM

Prefix Symbol Value Power of 10 Meaning

N?L; 1 �
���
���
���
��� �� �� NLCFFCIH

ACA; $ �
���
���
��� �� � <CFFCIH

G?A; * �
���
��� �� � GCFFCIH

ECFI E ���� �� � NBIOM;H>

B?=NI B ��� �� � BOH>L?>

>?=; >; �� �� � N?H

_ _ � �� � IH?

>?=C > ��� �� d� N?HNB

=?HNC = ���� �� d� BOH>L?>NB

GCFFCG ����� �� d� NBIOM;H>NB

GC=LI � �������� �� d� GCFFCIHNB

H;HI H ����������� �� d� <CFFCIHNB
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Prefix Symbol Value Power of 10 Meaning

JC=I J �������������� �� d�� NLCFFCIHNB

@?GNI @ ����������������� �� 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?GCMNLS�;L?
NBIM?�@IL�G;MM
�PIFOG?
�;H>�F?HANB��1B?�<;MC=�0&�OHCN�@IL�G;MM�CM�NB?�ECFIAL;G��EA�

<ON�CH�NB?�F;<IL;NILS
�G;MM�CM�OMO;FFS�?RJL?MM?>�CH�?CNB?L�AL;GM��A��IL�GCFFCAL;GM
�GA��������A�����EA
������GA�����A
�;H>��
���
����GA�����EA��2HCNM�@IL�PIFOG?�;L?
>?LCP?>�@LIG�NB?�=O<?�I@�NB?�0&�OHCN�@IL�F?HANB
�QBC=B�CM�NB?�G?N?L��G���1BOM�NB?
<;MC=�0&�OHCN�@IL�PIFOG?�CM�=O<C=�G?N?LM��F?HANBeQC>NBeB?CABN���G� ���&H�=B?GCMNLS

BIQ?P?L
�PIFOG?M�;L?�OMO;FFS�L?JILN?>�CH�=O<C=�=?HNCG?N?LM��=G� ��;H>�=O<C=
>?=CG?N?LM��>G� ��IL�GCFFCFCN?LM��G)��;H>�FCN?LM��)�
�;FNBIOAB�NB?�FCN?L�CM�HIN�;H�0&�OHCN
I@�G?;MOL?G?HN��1B?�L?F;NCIHMBCJM�<?NQ??H�NB?M?�OHCNM�;L?�;M�@IFFIQM�

��)��������G)�����>G �

��G)�����=G �

�����=G � ����)

Scientific Notation

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

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

 e�� 8

QB?L? CM�AL?;N?L�NB;H�IL�?KO;F�NI���;H>�F?MM�NB;H�������Z �����
�;H> 8 CM�;�JIMCNCP?
IL�H?A;NCP?�CHN?A?L����� ������1B?�HOG<?L����CM�=;FF?>�NB?,+=/ <?=;OM?�CN�CM�NBCM
HOG<?L�NB;N�CM�L;CM?>�NI�NB?�JIQ?L8���FNBIOAB�;�<;M?�HOG<?L�G;S�B;P?�P;FO?M
INB?L�NB;H���
�NB?�<;M?�HOG<?L�CH�M=C?HNC@C=�HIN;NCIH�CM+6A+C=���

��MCGJF?�Q;S�NI�=IHP?LN�HOG<?LM�NI�M=C?HNC@C=�HIN;NCIH�CM�NI�GIP?�NB?�>?=CG;F�JICHN
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Addition and Subtraction
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Multiplication and Division
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Significant Figures
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SKILL  BUILDER ES7
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1.10 End-of-Chapter Material
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APPLICATION PROBLEMS
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