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  Equa5ons

!"#$$%&'()*+,-%
• ./$/)*#)01'2+3#*/$1456/7()%

8+$+9/)-18+/:#)0
;+#)1<1=>+)/1?@AB?@C

D)->(:6*7()
D)1-2#%1+E+>*#%+F1G(61H#$$1,>/*7*+1H>#7)01I/$/)*+:1*2+3#*/$1+56/7()%1J(>1*(33()1>+/*7()1
-G,+%1#)*$6:#)01I6-1)(-1$#3#-+:1-(

• *(3I#)/7()
• :+*(3,(%#7()
• *(3,$+-+1(E#:/7()1K*(3I6%7()L
• (E#:/7()1>+:6*7()1K%#)0$+1>+,$/*+3+)-1-G,+1()$GL
• #()1*(3I#)/7()1K:(6I$+1:#%,$/*+3+)-L

Overview
=1*2+3#%-16%+%1/1I/$/)*+:1*2+3#*/$1+56/7()1-(1>+,>+%+)-1*2+3#*/$1*2/)0+@11M2+10+)+>/$1J(>31
(J1/1*2+3#*/$1+56/7()1#%N

8+/*-/)-1A1O18+/*-/)-1P1O1Q11R>(:6*-1A1O1R>(:6*-1P1O1Q

'2+3#*/$1+56/7()%1>+9+/$1C1#3,(>-/)-1-2#)0%N
• %6I%-/)*+%1#)9($9+:
• %-/-+%1(J1-2+1%6I%-/)*+%
• >+/*7()1*():#7()%
• >+$/79+156/)77+%1(J1-2+1%6I%-/)*+%

Substances	
  involved
!6I%-/)*+%1()1-2+1$+S1%#:+1(J1-2+1>+/*7()1/>>(H1/>+1>+/*-/)-%F1-2+1%6I%-/)*+%1+E#%7)01I+J(>+1
-2+1>+/*7()1(**6>%@11M2(%+1()1-2+1>#02-1%#:+1(J1-2+1/>>(H1/>+1,>(:6*-%F1-2+1%6I%-/)*+%1-2/-1+E#%-1
/S+>1-2+1>+/*7()1(**6>%@11T2+)1>+/:#)01-2+1+56/7()F1/1*2+3#%-1H#$$1>+,$/*+1-2+1/>>(H1H#-21
UG#+$:%FV1UJ(>3%FV1U,>(:6*+%FV1(>1U>+/*-%1-(1J(>3@V

States	
  of	
  the	
  Substances
M2+1%-/-+1(J1-2+1%6I%-/)*+%1*/)1I+1:+)(-+:1H#-21/II>+9#/7()%1(J1-2+1%-/-+%1#)1%6I%*>#,-%1
:#>+*-$G1J($$(H#)01-2+1%6I%-/)*+1)/3+@11M2+1/II>+9#/7()%1/>+1$#%-+:1I+$(HN

!($#: W#56#:=56+(6% X/%

K%L K$L K/5L K0L

Reac3on	
  Condi3ons

YZA

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y



8+/*7()1*():#7()%1*/)1I+1$#%-+:1/I(9+1-2+1/>>(H@11M2+1+E/3,$+1I+$(H1:+%*>#I+%1/1>+/*7()1
(**6>>#)016):+>1P^^1/-3(%,2+>+%1(J1,>+%%6>+1/):1/-1_^^`'@11a#->(0+)10/%1/):12G:>(0+)10/%1
>+/*-1-(1J(>31/33()#/10/%@

1

Rela3ve	
  Quan33es
=$$1>+/*7()%1(I+G1-2+1W/H1(J1'()%+>9/7()1(J1\/%%@11M2+1)63I+>1/):1-G,+1(J1/-(3%136%-1I+1
-2+1%/3+1()1I(-21%#:+%1(J1-2+1>+/*7()1/>>(H@11b)$G1H2+)1+/*21+$+3+)-1/,,+/>%1#)1+56/$1
)63I+>%1()1I(-21%#:+%1(J1-2+1>+/*7()1/>>(H1#%1-2+1+56/7()1I/$/)*+:@

How	
  to	
  Balance
M(1I/$/)*+1/1*2+3#*/$1+56/7()F1J($$(H1-2+1-H(1%-+,%1I+$(HN

A@T>#-+1-2+1*(>>+*-1J(>36$/1J(>1+/*21>+/*-/)-1/):1,>(:6*-1#)1-2+1>+/*7()
P@c%+1H2($+1)63I+>1*(+d*#+)-%1-(1I/$/)*+1-2+1)63I+>1(J1+/*21+$+3+)-1/,,+/>#)01()1

I(-21%#:+%1(J1-2+1+56/7()
a(-+N1=1*(+d*#+)-1(J1A1#%1)(-1H>#e+)@

'/67()N1M2+%+1%-+,%136%-1I+1*(3,$+-+:1#)1-2+1%-/-+:1(>:+>@11f(1)(-1*2/)0+1-2+1J(>36$/%1(J1
%6I%-/)*+%1-(1I/$/)*+1/)1+56/7()@

Reac*on	
  Type	
  Examples
Combina3on
D)1/1*(3I#)/7()1>+/*7()F1-H(1(>13(>+1%6I%-/)*+%1*(3I#)+1-(1J(>31)+H1*(3,(6):%@11M2+%+1
>+/*7()%1*/)1/$%(1I+1*/$$+:1%G)-2+%#%1>+/*7()%1/%1*2+3#%-%1*/)16%+1-2+31-(1%G)-2+%#g+1)+H1
3/-+>#/$%@11M2+1>+/*-/)-%1*/)1I+1+$+3+)-%F1*(3,(6):%F1(>1/1*(3I#)/7()1(J1I(-2@11M2+>+1#%1()$G1
()+1,>(:6*-1/):1#-1#%1/1*(3,(6):@

4E/3,$+1AN1\/0)+%#631(E#:+1#%1J(>3+:1J>(31#-%1+$+3+)-%@

.+*/6%+13/0)+%#631(E#:+1U#%1J(>3+:FV1#-1#%1-2+1,>(:6*-1/):10(+%1()1-2+1>#02-1%#:+1(J1-2+1
+56/7()@11M2+1,>(:6*-1#%1J(>3+:1J>(31#-%1+$+3+)-%@11T+1*/)1()$G16%+1+$+3+)-%1/%1-2+1
>+/*-/)-%@

a(-+N1M2+1J($$(H#)01+$+3+)-%1(**6>1/%1,($G/-(3#*13($+*6$+%N
;G:>(0+) a#->(0+) R2(%,2(>6%bEG0+) !6$J6> h$6(>#)+ '2$(>#)+ .>(3#)+ D(:#)+

; P aP RC bP ! ? hP '$P .>P DP

YZP

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y



4E/3,$+1PN1D>()KDDDL1(E#:+1#%1J(>3+:1J>(31#-%1+$+3+)-%

h(>1%-+,1PF1I/$/)*+1-2+1(EG0+)1i>%-@

M2+1$/%-1-2#)01-(1:(1-(1*(3,$+-+1%-+,1P1#%1-(1I/$/)*+1-2+1#>()1/-(3%@

1

Decomposi3on	
  Reac3ons
f+*(3,(%#7()1>+/*7()%1/>+1(S+)1-2+1>+9+>%+1(J1*(3,(%#7()1>+/*7()%@11M2+G1#)9($9+1-2+1
I>+/":(H)1(J1()+1*(3,(6):1-(1-H(1(>13(>+1,>(:6*-%@11b)+1-G,+1(J1:+*(3,(%#7()1>+/*7()1#%1
-2+1>+9+>%#I$+1:+2G:>/7()1(J1/12G:>/-+1-(1#-%1/)2G:>(6%1J(>31K/)2G:>(6%1j1H#-2(6-1H/-+>L@

4E/3,$+1kN1

M2+1/::#7()1(J1H/-+>1H#$$1>+J(>31-2+12G:>/-+:1J(>31#)1/1*(3I#)/7()1-G,+1>+/*7()@
a(-+N1M2+1:+$-/1%G3I($1/I(9+1-2+1>+/*7()1/>>(H1:+)(-+%1-2/-1-2+1>+/*7()1(**6>%16):+>1
2+/-@

4E/3,$+1CN1'/$*#631*/>I()/-+1#%1:+*(3,(%+:1#)-(1*/$*#631(E#:+1K$#3+L1/):1*/>I()1
:#(E#:+1IG12+/-@

Complete	
  Oxida3on
T#-21/1J+H1+E*+,7()%F1*(3,(6):%1J(>3+:1J>(31*/>I()1/>+1*/$$+:1(>0/)#*1*(3,(6):%@11T2#$+1
(>0/)#*1*(3,(6):%1,>+:(3#)/)-$G1*()%#%-1(J12G:>(0+)1/):1*/>I()F1%(3+13/G1#)*$6:+1(EG0+)F1
%6$J6>F1)#->(0+)F1(>12/$(0+)%@11M2(%+1*()-/#)#)01()$G12G:>(0+)1/):1*/>I()1/-(3%1/):1/>+1*/$$+:1
U2G:>(*/>I()%@V111X/%($#)+F1(#$%F1)/-6>/$10/%F1/):1,>(,/)+1/>+1+E/3,$+%1(J12G:>(*/>I()%@11T+1
H#$$1J(*6%1()1*(3,(6):%1H#-21()$G1*/>I()F12G:>(0+)F1/):1(EG0+)@

T2+)1/12G:>(*/>I()1(>1(EG0+)Z*()-/#)#)01(>0/)#*1*(3,(6):1#%1I6>)+:F1-2+1,>(:6*-%1/>+1
*/>I()1:#(E#:+1/):1H/-+>N

YZk

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y



(>0/)#*1*(3,(6):1O1(EG0+)11*/>I()1:#(E#:+1O1H/-+>

'/>I()1:#(E#:+1#%1J(>3+:1H2+)1+E*+%%1(EG0+)1#%1/9/#$/I$+@11D)1*$(%+:1*():#7()%F1%6*21/%1/)1
/6-(3(I#$+1*G$#):+>F1(EG0+)13/G1I+1$#3#-+:1/):1*/>I()13()(E#:+1#%1J(>3+:@11D)1-2#%1+E+>*#%+F1
H+1H#$$1/%%63+1*(3,$+-+1*(3I6%7()1B1-2+1J(>3/7()1(J1*/>I()1:#(E#:+@

'(3I6%7()1>+/*7()%1/>+16%6/$$G1:+%*>#I+:1IG1-2+1H(>:%1UI6>)#)0FV1U*(3,$+-+$G1(E#:#g+:FV1
U(E#:#g+:FV1(>1U*(3I6%-+:@V

4E/3,$+1_N1'(3,$+-+1*(3I6%7()1(J1+-2G$1/$*(2($F1'P; _b;

a(H1$+-l%1I/$/)*+1-2+1*/>I()%N

a+E-F1H+1*/)1I/$/)*+1-2+12G:>(0+)%1-(12/9+1m12G:>(0+)%1()1+/*21%#:+N

M2+1/-(31-(1I/$/)*+1#%1(EG0+)@11T+12/9+1n1()1-2+1>#02-1/):1k1()1-2+1$+S@11T+1)++:1-(1
/:o6%-1-2+1*(+d*#+)-1()1-2+1(EG0+)13($+*6$+1()1-2+1>+/*-/)-1%#:+@

4E/3,$+1mN1.6>)#)013+-2G$1+-2G$1+-2+>F1';kb'; P'; k

h#>%-F1I/$/)*+1-2+1*/>I()%@

!+*():F1I/$/)*+1-2+12G:>(0+)%@

h#)/$$GF1H+1)++:1-(1I/$/)*+1-2+1(EG0+)%@11T+12/9+1A^1(EG0+)%1()1-2+1,>(:6*-1%#:+@11b)1
-2+1>+/*-/)-1%#:+F1H+12/9+1A1(EG0+)1J>(31-2+1(>0/)#*1*(3,(6):@11T+1)++:1-(10+-1Y1
(EG0+)%1J>(31-2+13($+*6$/>1(EG0+)@11;(H+9+>F13($+*6$/>1(EG0+)1#%1/1I#)/>G1*(3,(6):1
/):1H+1*/))(-10+-1Y1(EG0+)1/-(3%16%#)01/)1#)-+0+>1*(+d*#+)-@

YZC

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y



;(H+9+>F13($+*6$/>1(EG0+)1#%1/1I#)/>G1*(3,(6):1/):1H+1*/))(-10+-1Y1(EG0+)1/-(3%1
6%#)01/)1#)-+0+>1*(+d*#+)-@11M(1*()9+>-1-2+1Y&P1*(+d*#+)-1-(1/)1#)-+0+>F136$7,$G1/$$1-2+1
*(+d*#+)-%1IG1-H(@

Oxida3on-­‐Reduc3on
D)1*(3I#)/7()1>+/*7()%1H#-21(EG0+)F1+$+3+)-/$1(EG0+)1I+*(3+%1-2+1(E#:+1#()F1bPZ@11M2+1
(EG0+)10/#)%1-H(1+$+*->()%1IG1-/"#)01-2+31J>(31/)(-2+>1+$+3+)-@11M2+1(-2+>1+$+3+)-1#%1%/#:1-(1
2/9+1I++)1(E#:#g+:@11M2+1(EG0+)F1IG10/#)#)01+$+*->()%F1#%1%/#:1-(12/9+1I++)1>+:6*+:@

bE#:/7()1/):1>+:6*7()1*/)1(**6>1#)1>+/*7()%1(-2+>1-2/)1o6%-1*(3I#)/7()1>+/*7()%1H#-21
(EG0+)@11M2+1-+>31U(E#:/7()V1>+J+>%1-(1-2+1$(%%1(J1+$+*->()%F1H2#$+1U>+:6*7()V1>+J+>%1-(1-2+10/#)1
(J1+$+*->()%@11M2+%+1-H(1/*7()%136%-1(**6>1%#36$-/)+(6%$G1/**(>:#)01-(1-2+1W/H1(J1
'()%+>9/7()1(J1\/%%@11DJ1-H(1+$+*->()%1/>+1$(%-F1%(3+1(-2+>1*(3,(6):136%-1/**+,-1-2+3@11
=**(>:#)0$GF1-2+%+1>+/*7()%1/>+1*/$$+:1>+:6*7()Z(E#:/7()1>+/*7()%1(>1%#3,$G1U>+:(EV1J(>1%2(>-@

bE#:/7() W(%%1(J1+$+*->()%1

8+:6*7() X/#)1(J1+$+*->()%1

M2+>+1/>+13/)G1-G,+%1(J1>+:(E1>+/*7()%@11T+1H#$$1J(*6%1()1%#)0$+Z>+,$/*+3+)-1-G,+1>+/*7()%F1#)1
H2#*21()+1+$+3+)-1>+,$/*+%1/)(-2+>1#)1/1*(3,(6):@11M2+1+$+3+)-1I+#)01>+,$/*+:1#%1>+:6*+:1
/):1-2+1+$+3+)-1+)-+>#)01-2+1*(3,(6):1#%1(E#:#g+:@

4E/3,$+1nN1M2+1>+/*7()1(J1g#)*13+-/$1/):12G:>(*2$(>#*1/*#:F1H2#*21>+$+/%+%12G:>(0+)1
0/%@1KM2#%1#%1-2+1%#gg$#)01-2/-1(**6>%1H2+)1/*#:1>+/*-%1H#-213+-/$%@L

!#)*+12G:>(0+)10/%1#%1J(>3+:F1-2+12G:>(0+)1#)1-2+12G:>(*2$(>#*1/*#:136%-1I+1>+,$/*+:1IG1
g#)*@11M26%F1-2+1(-2+>1,>(:6*-136%-1I+1g#)*1*2$(>#:+@11D-1#%1#3,(>-/)-1-(1:+-+>3#)+1/$$1(J1
-2+1>+/*-/)-%1/):1,>(:6*-%1I+J(>+1*()7)6#)01-(1%-+,1PF1I/$/)*#)01-2+1+$+3+)-%@1

M2+1g#)*1#%1/$>+/:G1I/$/)*+:@11W+-l%1)(H1I/$/)*+1-2+12G:>(0+)@

D)1I/$/)*#)01-2+12G:>(0+)%F1H+1/$%(1I/$/)*+:1-2+1*2$(>#)+%@11M2+1+56/7()1#%1)(H1
*(3,$+-+:@

4E/3,$+1?N1M2+1>+/*7()1I+-H++)1/$63#)631/):1)#*"+$1)#->/-+@

YZ_

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y



D)1-2#%1+E/3,$+F1()$G1-2+1>+/*-/)-%1H+>+1,>(9#:+:@11T+1)++:1-(1:+-+>3#)+1-2+1,>(:6*-%1
(6>%+$9+%@

h#>%-F1$+-l%1-2#)"1/I(6-1H2/-1-G,+1(J1>+/*7()1#-1*(6$:1I+@11f+*(3,(%#7()p1M2+1%/$-1*(6$:1
:+*(3,(%+@1;(H+9+>F1H2/-1#%1-2+1/$63#)631:(#)01#J1-2+1>+/*7()1#%1%#3,$G1/1
:+*(3,(%#7()1(J1)#*"+$1)#->/-+p11'(3,(%#7()p11R>(I/I$G1)(-@118+:(Ep1q+%@1M2#%1*(6$:1I+1
/1%#)0$+Z>+,$/*+3+)-1>+:(E1>+/*7()1H#-21-2+1/$63#)631>+,$/*#)01-2+1)#*"+$@

T2+)1/1>+/*7()1#)*$6:+%1-2+1%/3+1,($G/-(3#*1#()1()1I(-21%#:+%1(J1-2+1+56/7()F1#-1#%1
+/%#+>1-(1I/$/)*+1-2+1#()1/%1/1%#)0$+16)#-1>/-2+>1-2/)1IG1-2+1#):#9#:6/$1+$+3+)-%1H#-2#)1#-@

a(HF1H+12/9+1m1)#->/-+1#()%1()1I(-21%#:+%1(J1-2+1+56/7()@11M(1i)#%2F1H+1o6%-1)++:1-(1
I/$/)*+1-2+13+-/$%@

Ion	
  Combina3on	
  Reac3ons
T2+)1-H(1#()#*1*(3,(6):%1%6*21/%1%/$-%1/>+1*(3I#)+:F1-2+G13/G1+E*2/)0+1,/>-)+>%@11M2#%1
>+/*7()1#%1*/$$+:1/1:(6I$+Z:#%,$/*+3+)-1-G,+1>+/*7()@11M2+1+E*2/)0+1,>(*+%%1(**6>%1I+*/6%+1(J1
/1:>#9#)01J(>*+F1*(33()$G1-2+1J(>3/7()1(J1/1,>+*#,#-/-+1K/1*(3,(6):1-2/-1#%1#)%($6I$+1#)1
H/-+>LF1-2+1J(>3/7()1(J10/%F1(>1-2+1J(>3/7()1(J1/1%-/I$+13($+*6$/>1*(3,(6):@

b)+1+E/3,$+1(J1-2+1$/%-1$#%-+:1:>#9#)01J(>*+1#%1-2+1>+/*7()1I+-H++)1/)1/*#:1/):1I/%+1-(1J(>31
H/-+>@11=1%#3,$+1:+i)#7()1(J1/)1/*#:1#%1/1%6I%-/)*+1-2/-1*/)1:()/-+1(>1>+$+/%+1/12G:>(0+)1#()F1
H2#$+1/1I/%+1#%1/1%6I%-/)*+1-2/-1H#$$1/**+,-1(>1>+/*-1H#-21/12G:>(0+)1#()@11M2+1>+/*7()1I+-H++)1
/)1/*#:1/):1/12G:>(E#:+Z*()-/#)#)01%/$-1>+%6$-%1#)1/1%/$-1/):1H/-+>@11=*#:ZI/%+1>+/*7()%1/>+1
%(3+73+%1>+J+>>+:1-(1/%1)+6->/$#g/7()1>+/*7()%1I+*/6%+1-2+1/*#:1/):1I/%+1)+6->/$#g+1+/*21
(-2+>@1

4E/3,$+1YN1M2+1>+/*7()1I+-H++)1%(:#6312G:>(E#:+1/):12G:>(*2$(>#*1/*#:@

T+1:()l-1)++:1-(1/::1/)G1*(+d*#+)-%1I+*/6%+1-2+1>+/*7()1#%1/$>+/:G1I/$/)*+:@

4E/3,$+1A^N1M2+1,>+*#,#-/7()1>+/*7()1-2/-1(**6>%1I+-H++)1%(:#6312G:>(E#:+1/):1#>()
KDDDL1)#->/-+@

YZm

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y



;+>+1H+12/9+1-2+1:>#9#)01J(>*+1(J1/1,>+*#,#-/-+1J(>3#)0F1H2#*21-+$$%16%1-2/-1-2+1>+/*7()1
#%1$#"+$G1/1:(6I$+Z:#%,$/*+3+)-@

h#>%-F1$+-l%1I/$/)*+1-2+1)#->/-+1/):12G:>(E#:+1#()%@

T+1/>+1)(H1i)#%2+:1I+*/6%+1H+1%++1-2/-1-2+1#>()1/):1%(:#631/-(3%1/>+1/$>+/:G1
I/$/)*+:@

4E/3,$+1AAN1M2+1)+6->/$#g/7()1(J1,2(%,2(>#*1/*#:1H#-21*/$*#6312G:>(E#:+@

.+*/6%+1-2#%1#%1/)1/*#:ZI/%+1>+/*7()1H#-212G:>(0+)1/):12G:>(E#:+1#()%F1-2+1,>(:6*-%1
H#$$1I+1%/$-1/):1H/-+>@

.+*/6%+1-2+12G:>(E#:+1/):12G:>(0+)1#()%1*(3I#)+1-(13/"+1H/-+>F1#-1#%1+/%#+>1-(1%-/>-1-2+1
I/$/)*#)01H#-21-2+1,2(%,2/-+1#()1(>1-2+1*/$*#63@

M2+12G:>(0+)%1/):1(EG0+)%1/$>+/:G1I/$/)*+@1;6>>/2r

4E/3,$+1APN1M2+1>+/*7()1I+-H++)1%6$J6>#*1/*#:1/):1%(:#631/*+-/-+@

M2#%1#%1/)1/*#:ZI/%+1>+/*7()@11.+*/6%+1-2+>+1#%1)(-12G:>(E#:+1#()F1-2+1,>(:6*-%1/>+1)(-1
%/$-1/):1H/-+>@18/-2+>F1H+1%2(6$:19#+H1-2#%1>+/*7()1,6>+$G1/%1/1:(6I$+Z:#%,$/*+3+)-1
>+/*7()@

h#>%-1$+-l%1I/$/)*+1-2+1%6$J/-+1#()%N

M(1i)#%2F1H+1I/$/)*+1-2+1/*+-/-+10>(6,%N

YZn

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y



a/3+N1ssssssssssssssssssss

Pre-­‐Lab

A@T2/-1/>+1-2+1_1-G,+%1(J1>+/*7()%1:#%*6%%+:1#)1-2+1#)->(:6*7()1-(1-2#%1$/Ip

P@!+$+*-1-2+1*(>>+*-1,>(-(*($1J(>1I/$/)*#)01/)1+56/7()N
/@ T>#-+1-2+1>+/*-/)-%1/):1,>(:6*-%@1M2+)1/:o6%-1-2+1J(>36$/%1(J1-2+1,>(:6*-%1-(1

/$$(H1J(>1I/$/)*+:1/3(6)-%1(J1-2+1+$+3+)-%@
I@ T>#-+1-2+1>+/*-/)-1/):1,>(:6*-%@1=:o6%-1-2+1*(+d*#+)-%1(J1-2+1%6I%-/)*+%1-(1

/$$(H1J(>1I/$/)*+:1/3(6)-%1(J1-2+1+$+3+)-%@

k@'(3I6%7()1#%1-2+1>+/*7()1I+-H++)1/)1(>0/)#*13($+*6$+1/):1H2/-1+$+3+)-p

C@./$/)*+1-2+1J($$(H#)01>+/*7()%N

/@ ss'; C1O1ssbP11ss1'bP1O1ss1;Pb

I@ ss1=$1O1ss1'11=$C' k

*@ss1=$1O1ss1\)bP11ss\)1O1ss=$Pbk

YZ?

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y



a/3+N1ssssssssssssssssss11 1 1 1 W/I1R/>-)+>N1ssssssssssssssssss

Procedure
T>#-+1-2+1I/$/)*+:1*2+3#*/$1+56/7()%1J(>1+/*21>+/*7()10#9+)@11!6I3#-1-2+%+1>+%6$-%1/%1G(6>1
,(%-Z$/I1H(>"@

Combina3on	
  Reac3ons
A@f#,2(%,2(>6%1->#(E#:+1#%1J(>3+:1IG1:#>+*-1*(3I#)/7()1(J1#-%1+$+3+)-%@

P@=33()#/1/):1%6$J6>#*1/*#:1*(3I#)+1-(1J(>31/33()#631%6$J/-+

Decomposi3on	
  Reac3ons
k@=33()#631)#->/-+1:+*(3,(%+%1#)-(1)#->(0+)1/):1H/-+>@

C@T2+)12+/-+:F1,(-/%%#631*2$(>/-+1:+*(3,(%+%1#)-(1(EG0+)1/):1,(-/%%#631*2$(>#:+@

Complete	
  Oxida3on
_@R>(,/)+F1'k; ?F1I6>)%1#)1/#>@

m@=*+-/$:+2G:+F1';k';bF1#%1*(3,$+-+$G1(E#:#g+:@

Oxida3on-­‐Reduc3on
n@;G:>(0+)1#%1>+$+/%+:1H2+)1/$63#)631>+/*-%1H#-212G:>(*2$(>#*1/*#:@

?@\/0)+%#631>+/*-%1H#-21%#$9+>1)#->/-+1%($67()@

YZY

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y



a/3+N1ssssssssssssssssss11 1 1 1 W/I1R/>-)+>N1ssssssssssssssssss

Ion	
  Combina3on	
  Reac3ons
Y@./>#631*/>I()/-+1,>+*#,#-/-+%1H2+)1I/>#631*2$(>#:+1/):1%(:#631*/>I()/-+1%($67()%1

>+/*-@

A^@!6$J6>#*1/*#:1)+6->/$#g+%1*/$*#6312G:>(E#:+@

AA@!(:#631#(:/-+1/):1%#$9+>1)#->/-+1%($67()%1/>+1*(3I#)+:@

AP@R(-/%%#631t6(>#:+1>+/*-%1H#-212G:>(I>(3#*1/*#:@

Ak@u#)*12G:>(E#:+1>+/*-%1H#-212G:>(*2$(>#*1/*#:@

Other	
  Reac3ons
AC@'(,,+>KDDL1*2$(>#:+1/):1H/-+>1>+%6$-1J>(31-2+1>+/*7()1(J1*(,,+>KDDL1(E#:+1/):1

2G:>(*2$(>#*1/*#:@

A_@'/>I()1:#(E#:+1/):1H/-+>1/>+1-H(1(J1-2+1-2>++1,>(:6*-%1J>(31-2+1>+/*7()1(J1%6$J6>#*1
/*#:1H#-21%(:#6312G:>(0+)1*/>I()/-+@

Challenge
h(>1-2+1J($$(H#)01>+/*7()%F1G(61H#$$1)++:1-(1:+-+>3#)+1-2+1>+/*7()1-G,+1I+J(>+1H>#7)01(6-1/):1
I/$/)*#)01-2+1>+/*7()@

Am@;G:>(I>(3#*1/*#:1>+/*-%1H#-21,(-/%%#6312G:>(E#:+@

An@=$63#)631>+/*-%1H#-21,2(%,2(>#*1/*#:@

YZA^

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y



a/3+N1ssssssssssssssssss11 1 1 1 W/I1R/>-)+>N1ssssssssssssssssss

A?@!#$9+>1)#->/-+1>+/*-%1H#-212G:>(%6$J6>#*1/*#:@

AY@R2(,2(>6%1->##(:#:+1#%1J(>3+:1J>(31#-%1+$+3+)-%@

P^@D>()KDDL1*2$(>#:+1>+/*-%1H#-21%(:#631,2(%,2/-+@

PA@!60/>F1'AP; PPbAAF1#%1I6>)+:1#)1/#>@

PP@!60/>F1'AP; PPbAAF1I>+/"%1:(H)1-(1H/-+>1/):1*/>I()16,()12+/7)0@

Pk@W#-2#6312G:>(E#:+1%($67()1*(3+%1J>(31-2+1>+/*7()1(J1$#-2#631(E#:+1/):1H/-+>@

PC@\/0)+%#631%6$J/-+1>+/*-%1H#-21%(:#6312G:>(E#:+@

P_@'2$(>#)+1>+/*-%1H#-21/1%($67()1(J1%(:#631#(:#:+@

Pm@a#*"+$12G:>(E#:+1>+/*-%1H#-21%6$J6>#*1/*#:@

Pn@./>#631,+>(E#:+F1./bPF1:+*(3,(%+%1#)-(1(EG0+)1/):1I/>#631(E#:+@

P?@=33()#/F1a; kF1#%1J(>3+:1J>(31#-%1+$+3+)-%@

YZAA

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y



a/3+N1ssssssssssssssssss11 1 1 1 W/I1R/>-)+>N1ssssssssssssssssss

PY@.6-G$1/$*(2($F1'C; Yb;F1#%1*(3,$+-+$G1(E#:#g+:@

k^@\/0)+%#631)#->#:+1#%1J(>3+:1J>(31#-%1+$+3+)-%@

kA@!6$J6>#*1/*#:1>+/*-%1H#-21,(-/%%#631)#->#-+@

YZAP

'/[/:/1'($$+0+1';4\1AYP1W/I(>/-(>G1\/)6/$1]P^^Y
6,:/-+:1IG1\@1.6>>F1P^^Y


