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Experiment 9 Balancing Chemical Equations
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Overview
=1*2+3#%-16%+%1/11/$/)*+:1*2+3#*/$1+56/7() 1-(1>+,>+%+)-1*2+3#*/$1*2/) 0+ @11M2+10+)+>/$1I(>
(J2/1*2+3#*/$1+56/7 () 1#%N

8+/*-)-1A1018+/*-/)-1P102QR>(:6*-1A101R>(:6*-1P101Q

'D+3#*/$1+56/7()%1>+9+/$S1C1#3,(>-/)-1-2#)0%N
* %61%-/)*+%61#)9($9+:
* %-/-+%1(J1-2+1%61%-/)*+%
o SHATOLI):HT()%
©  >+$/79+156/)77+%1(J1-2+1%61%-/)*+%

Substances involved

161%-/)*+%1()1-2+1$+S1%#:+1(J1-2+1>+/*7() 1/>>(H1/>+1>+/*-/)-%F1-2+1%61%-/)*+%1+E#%7)011+J
-2+1>+H*7()1(**6>% @11M2(%+1()1-2+1>#02-1%#:+1(J1-2+1/>>(H1/>+1,>(:6*-%F 1-2+1%61%-/)*+%1
[S+>1-2+1>+/*7()1(**6>% @11 T2+)1>+/:#)01-2+1+56/7()F1/1*2+3#%-1H#$$1>+,$/*+1-2+1/>>(H1H#-
UG#+3$:%FV1UJ(>3%FV1U,>(:6*+%FV1(>1U>+/*-%1-(1J(>3@V

States of the Substances
M2+1%-/-+1(J1-2+1%61%-/)*+%1*/)11+1:+)(-+:1H#-21/11>+9#/7() %1 (I 1-2+1%-/-+%1#) 1%61%*>#,-%1
#>+*-$GLI($B(H#)01-2+1%61%-/)*+1)/3+@11M2+1/1I>+9#/7 ()% 1/>+1$#%-+:11+S(HN

I($#: W#56#i=56+(6% [X/%
K%L K$L [K/5L KOL

Reaction Conditions

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y
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8+/47()1%():#7()%1*) L1+1$#%-+: 1/1(9+1-2+1/>>(H@11M2+1+E/3,$+ 11+ $(HL:+%6*>#1+%1/1>+/*7()1
(*6>>#)016):+>1PM1/-3(%,2+>+%1(J1,>+%%6>+1/):1/-1_""'@11a#->(0+)10/%1/):12G:>(0+)10/%1
>+/%-1-(1J(>31/330#/10/%@

N, . +3H, &"_’"'_‘._,2‘.\:”“ "

Relative Quantities
=$$1>+/*7()%1(1+G1-2+1W/H1(J1'()%+>9/7()1(J1V%%@11M2+1)631+>1/):1-G,+1(J1/-(3%136%-1I+1
-2+1%/3+1()11(-21%#:+%1(J1-2+1>+/*7()1/>>(H@11b)$G1H2+) 1+/*21+$+3+)-1/,,+/>%1#)1+56/$1
)631+>%1()1I(-21%#:+%1(J1-2+1>+/*7()1/>>(H1#%1-2+1+56/7() 11/$/)*+.@

How to Balance
M(LI/$/)*+1/1*2+3#*/$1+56/7()F1I($$(H1-2+1-H(1%-+,%1I+$(HN
AQ@T>#-+1-2+1*(>>+*-1J(>36$/1I(>1+/*21>+/*-[)-1/):1,>(:6*-1#)1-2+1>+/*7()
P@c%+1H2($+1)631+>1*(+d*#+)-%1-(11/$/)*+1-2+1)631+>1(J1+/*21+$+3+)-1/,,+/>#)01()1
(-21%#:+%1(J1-2+1+56/7()
a(-+N1=1*(+d*#+)-1(J1A1#%1)(-1H>#e+)@

'167()N1IM2+%+1%-+,%136%-11+1*(3,$+-+:1#)1-2+1%-/-+:1(>:+>@11f(1)(-1*2/)0+1-2+1J(>36$/%1(J1
%61%-/)*+%1-(11/$/)*+1/)1+56/7()@

Reaction Type Examples

Combination
D)1/1*(31#)/7()1>+/*7()F1-H(1(>13(>+1%61%-/)*+%1*(3I1#)+1-(1I(>31)+H1*(3,(6):%0@11M2+%+1
>+/*7()%1*)1/$%(LI+1*/$$+:1%G)-2+%#%1>+/*7()%1/%1*2+3#%-%1*/) 16%+1-2+31-(1%G)-2+%#g+
3/-+>#/$% @11M2+1>+/*-/)-%1*/)11+1+$+3+)-%F1*(3,(6):%F1(>1/1*(31#)/7()1(JLI(-2@ 11M2+>+1#%1
0+1,>(:6*-1/):1#-1#%1/1*(3,(6).@

4E/3,$+1AN1V0)+96#631(E#:+1#%1J(>3+:1J>(31#-%1+$+3+)-%@

+*/6%+13/0)+%#631(Et:+LUH%LI(>3+ FV1#-1#%1-2+1,>(:6*-1/):10(+%1() 1-2+ 1>#02-1%#: +1
+56/7()@11M2+1,>(:6%-1#%1J(>3+:1I>(31#-%1+$+3+)-%@11T+1*/)1()$G16%+1+$+3+)-%1/9
>+/%-/)-%@

1.Mg+0, - MgO
2.2Mg +0, — 2MgO0

a(-+N1IM2+1J($B(H#)01+$+3+)-%1(**6>1/%1,($G/-(3#*13($+*6$+%N
;G:>(0+) | a#->(0+)| R2(%,2(>6Y% bEGO+)| 16$J65 h$6(>#)1 '28(>#)+| .>(3#)+ | D(#)+
;P ap R bp I hp '$p >p )

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y
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4E/3,$+1PN1D>()KDDDL1(E#:+1#%1J(>3+:1J>(31#-%1+$+3+)-%
1.Fe+0,—Fe.O,

h(>1%-+,1PF11/$/)*+1-2+1(EG0+)1i>%-@

2.Fe+30. — 2Fe.0O,
M2+1$/%-1-2#)01-(1:(1-(1%(3,$+-+1%-+, 1P 1#%1-(1I/$/)*+1-2+1#>()1/-(3%@
12.4Fe +30. — 2Fe. 0O,

Decomposition Reactions

f+*(3,(%#7()1>+/*7()%1/>+1(S+)1-2+1>+9+>%+1(I1*(3,(%#7() 1>+/*7()% @ 11M2+G 1#)9($9+1-2+1
I>+/":(H)1(J1()+1*(3,(6):1-(1-H(1(>13(>+1,>(:6*-%0@11b)+1-G,+1(J1:+*(3,(%#7()1>+/*7() 1#%1
-2+1>+9+>%#1$+1:+2G:>/7()1(J1/12G:>/-+1-(1#-%1/)2G:>(6%1I(>31K/)2G:>(6%1j1H#-2(6-1H/-+>L@

4E/3,$+1kN1
Na,CQO, -10H,0 can be decomposed to anhydrous sodium carbonate salt and water

by heating the compound :

Na,CO, 10H,0 ——Na,CO, +10H.0

M2+1/:#7()L(ILH/-+>1H#$$1>+I(>31-2+12G:>/-+:1I(>31#)1/1*(31#)/7()1-G,+1>+/*7() @
a(-+NIM2+1:4+$-/1%G3I($L/1(9+1-2+1>+/*7()1/>>(H1:+)(-+%1-2/-1-2+1>+/*7() 1 (**6>%16):+>1
2+-@

AE/3,$+1CNL/S*#E3L1*/>1()/-+1#%1:+%(3,(%o+: 1#)-(1H/$*#6 3L (E#:+ 1KSH3+L1/): 1%/>1()1
HE#:+1IG12+/-@

1. CaCO, ——Ca0 +CO,
2.CaCO, ——>Ca0 +CO.

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

T2+)1/12G:>(*/>1()1(>1L(EGO+)Z*()-1#)#)01(>0/)#*1*(3,(6):1#%116>)+:F1-2+1,>(:6*-%1/>+1
*>1()1:#(E#:+1/):1H/-+>N

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y
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(>0/)#*1%(3,(6):LOL(EGO+)D 1¥/>|()L:#(E#:+1O1H/-+>

U1 L (E#+1#%1I(>3+: 1H2+) 1+E*+%%1(EGO+) 1#%1/9/4#$/1$+@11D) 1*$(%o+: 1*():#7 () %F 1%6*21/%
16-(3(I#$+1*GSH#): +>FL(EGO+) 13/G LI+ 1$#3#-+:1/):1*/>1() 13() (E#:+ 1#%1I(>3+: @11D) 1-24% 1 +E+>*#
H+1H#$$1/%%63+1*(3,$+-+1*(316%7()1B1-2+1J(>3/7() L(I1*/>I() L. #(E#+@

"(316%7()1>+/*7()%1/>+16%6/$$G1:+%*>#1+:1IG1-2+1H(>:%1U16>)#)0FV1U*(3,$+-+$G1(E#:#g+:FV1
U(E#:#g+:FV1(>1U*(316%-+.@V

4E/3,$+1_N1'(3,$+-+1*(316%7()1(J1+-2G$1/$*(A($B1'

1.C,H.OH+ 0, > H,0+CO,

a(H1$+-0611/$/)*+1-2+1*/>1()%N

2.C,H.OH+ 0O, - H.0 +2CO0,
a+E-F1H+1%)11/$/)*+1-2+12G:>(0+)%1-(12/9+1m12G:>(0+)%1() 1 +/*21%#:+N
2.C,H.OH+ 0, - 3H.0 +2CO0,

M2+1/-(31-(11/$)*+1#%1L(EGO+)@11T+12/9+1n1()1-2+1>#02-1/):1k1()1-2+1$+S@11T+1)++:1-
1:06%-1-2+1*(+0d*#+)-1()1-2+1(EGO+)13($+*6$+1() 1-2+1>+/*-/)-1%i#:+ @

2.C,H.OH + 30. — 3H,0 +2CO0,
AE/3,$+1mN1.6>)#)013+-2G$1+-2G$1eb2+pE LY
1.CH,OCH,CH, + 0, = H,0+CO.
h#>%-F11/$/)*+1-2+1%/>1()% @

2.CH,OCH,CH, + 0, - H,0 + 3C0.
I+*():F11/$/)*+1-2+12G:>(0+)% @
2.CH,OCH,CH, + O, - 4H,0 +3CO,

h#)/$SCFLH+1)++:1-(11/$/)*+1-2+1(EGO+)%@11T+12/9+1ANL(EGO+)%1()1-2+1,>(:6*-1%# +@
24 1>H*-[)-1%#:+F1H+12/9+1A1(EG0+)1I>(31-2+1(>0/)#*1%(3,(6): @11 T+1)++:1-(10+-1Y1
(EGO+)%1I>(31-2+13($+*6$/>1L(EGO+)@11:(H+9+>F13($+*6$/>1(EGO+)1#%1/1I#)/>G1*(3,(6)
1):1H+1*)))(-10+-1Y 1(EGO+) 1/-(3%16%#)01/) 1#)-+0+>1*(+d*#+)-@

2.CH,0CH,CH, + 950, - 4H.0 +3CO,

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y



(H+9+>F13($+*6$/>1(EG0+) 1#%1/11#)/>G1*(3,(6):1/): LH+1*/))(-10+-1Y 1L(EGO+)1/-(3%1
696#)01/)1#)-+0+>1*(+d*#+)-@ LIM(L*()9+>-1-2+ 1Y &P 1*(+d*#+)-1-(1/) 1#)-+0+>F 136$7,$G 1/$$
*(+054#+)-%1IG1-H(@

2.2 CH,OCH.CH. + 90, » 8 H,0+6 CO,

Oxidation-Reduction
D)1*(31#)/7()1>+/*7()%1H#-21(EG0+)F1+$+3+)-/$1(EGO0+)11+*(3+%1-2+1(EH¥ 12HRH
(EGO+)10/#)%1-H(1+$+*->()%1IG1-/"#)01-2+31J>(31/)(-2+>1+$+3+)-@ 11M2+1(-2+>1+$+3+)-1#% 1%
2/9+11++)L(E#:#g+ @11M2+1(EGO+)FLIG10/#)#)01+$+*->()%F 1#%1%/#:1-(12/9+11++)1>+.6*+.@

bE#:/7()1/):1>+:6*7()1*/)1(**6>1#)1>+/*7()%1(-2+>1-2/)106%-1*(31#)/7() 1>+/*7()%1H#-21
(EGO+)@11M2+1-+>31U(E#:/7()V1>+I+>%1-(1-2+1$(%%1(J1+$+*->()%FLH2#$+1U>+:6*7()V1>+J+:
(J1+$+*->()% @ 11M2+%+1-H(1/*7()%136%-1(**6>1%#36$-/)+(6%SG 1/**(>:#)01-(1-2+1W/H1(J1
'0%+>9/7()1(I1V%%@11DJI1-H(1+$+*->()%1/>+1$(%-F1%(3+1(-2+>1*%(3,(6):136%-1/**+,-1-2+3@11
=% (> #)0$GF 1-2+%+1>+/*7()%1/>+1*/$$+:1>+:6*7 () Z(E#:/7) 1>+ 7()%1(>1%#3,$G 1U>+:(EV1I(>1%

DE#IT()  W(%%1(I1+$+*-3
8+:6%7() |[XH)L[I1+$+*->()d

M2+>+1/>+13/)G1-G,+%1(J1>+:(E1>+/*7()% @11 T+1H#$$1I(*6%1() 1%#)0$+Z>+,$/*+3+)-1-G,+1>+/’
H2#*21()+1+$+3+)-1>+,$/*+%1/)(-2+>1#)1/1*(3,(6): @11M2+1+$+3+)-11+#)01>+,$/*+: 1#%1>+:6%+:1
):1-2+1+$+3+)-1+)-+>#)01-2+1%(3,(6): 1#%1(E#:#g+.@

4E/3,$+1nNIM2+1>+/+7()1(ILgH)*13+-/$1/): 12G:>(*2$(>#* LI*#:F IH2#+ 21>+ $+/%+%12G:>(0+)
0/%@ 1KM2#%1#%1-2+1%#gg$#)01-2/-1 (6% 1H2+) L/#: 1>+/*-% 1H#-213+-/$%@L

1#)*+12G:>(0+)10/%1#%1J(>3+:F1-2+12G:>(0+)1#)1-2+12G:>(*2$(>#* 1/*#:136%- 11+ 1>+ $/*+::
g#)* @11M26%F1-2+1(-2+>1,>(:6%-136%-11+1g#)*1*2$(>#:+@11D-1#%1#3, (>-/)-1-(1:+-+>3#)+
-2+1>+/*-[)-%1/):1,>(:6*-%11+J(>+1*()7)6#)01-(1%-+,1PF1I/$/)*#)01-2+1+$+3+)-% @1
1.Zn+HCl — H, +ZnCl,
M2+1g#)*1#%1/$>+/:G1I/$/)*+:@11W+-1%1)(H1l/$/)*+1-2+12G:>(0+) @

2.Zn+2 HCl— H, + ZnCl,

D)LI/$/)*#)01-2+12G:>(0+)%F LH+1/$%(LI/$/)*+:1-2+1*2$(>#) +% @ 11M2+1+56/7() 1#%1)(H1
*(31$+_+@

4E/3,$+1?2N1IM2+1>+/*7()11+-H++)1/$63#)631/): 1)#*"+$1)#->/-+@

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y
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D)1-2#%1+E/3,$+F1()$G1-2+1>+/*-/)-%1H+>+1,>(9#:+: @11 T+1)++:1-(L:+-+>3#)+1-2+1,>(:6*-
(6>%+$9+% @

1. Al+Ni(NO.), = ?
h#>%-F1$+-1%1-2#)"1/1(6-1H2/-1-G,+1(J1>+/*7() 1#-1*(6$: 11+ @1 1f+*(3,(%#7 )p1IM2+1%/$-1*(€
+*(3,(%+@1;(H+9+>F 1H2/-1#%1-2+1/$63#)631:(#)01#J1-2+1>+/*7() 1#%1%#3,$G 1/1

+5(3, (%7 () L(IL)E+$1)#->/-+p11'(3,(%#7()p1l1R>(1/1$G 1) (-@118+:(Eplg+% @ 1IM2#%1*(6$:1
11%#)0$+Z>+,$/*+3+)-1>+:(E1>+/*7() LH#-21-2+1/$63#)631>+,$/*#)01-2+1)#*"+$ @

1. Al+Ni(NO,), = AI(NO.). +Ni

T2+ L/1>+*7() 1#)*$6:+%1-2+1%/3+1, ($G/-(3#* 1#() 1() L1 (-21%#: +%1 (I 1-2+1+56/7()F1#-1#%1
H%ot+>1-(LU/S/)*+1-2+1#() 1% 1/ 1%#)0$+16)#-15/-2+>1-2/) LG 1-2+1#):#O#:6/$1+$+3+)-% L H#-

2. Al+ 3 Ni(NO,), = 2 AI(NO,), +Ni

a(HF1H+12/9+1m1)#->/-+1#()%1()11(-21%#:+%1(J1-2+1+56/7() @ 1 1M(1i)#%2F 1H+106%-1)++
1/$/)*+1-2+13+-/$% @

2.2 Al+ 3 Ni(NO,), = 2 AI(NO,),+ 3 NI

lon Combination Reactions
T2+)1-H(A#()#*1*(3,(6):%1%6*21/%1%/$-%1/>+1*(31#)+:F1-2+G13/G1+E*2/)0+1,/>-)+>% @ 11M2#%]
>+/*7()1#%1*/$$+:1/1:(61$+Z:#%,$/*+3+)-1-G,+1>+/*7() @ 11M2+1+E*2/)0+1,>(*+%%1 (**6>%11+*/6%:-
11:>#9#)01I(>*+F1*(33()$G1-2+13(>3/7()1(I1/1,>+*# #-/-+1K/1*(3,(6):1-2/-1#%1#) % ($61$+1#)1
H/-+>LF1-2+1J(>3/7()1(J10/%F1(>1-2+1J(>3/7()1(J1/1%-/I1$+13($+*6$/>1*(3,(6): @

b)+1+E/3,$+1(J1-2+1$/%-1$#%-+:1:>#9#)01I(>*+1#%1-2+1>+/*7() 11+-H++)1/) 1/*#:1/): 11/%+1-(1I(>31
H/-+>@11=1%#3,$+1:+i)#7()1(I1/) 1/*#: 1#%1/1%61%-/)*+1-2/-1*) 1:()/-+1(>1>+$+/%+1/12G:>(0+) 1#()
H2#$+1/11/%+1#%1/1%61%-/)*+1-2/-1H#$$1/**+,-1(>1>+/*-1H#-21/12G:>(0+) 1#) @11M2+1>+/*7() 1
N1/*#:11):1/12G:>(E#:+Z*()-/#)#)01%/$-1>+%6$-%1#) 1/1%/$-1/): 1H/-+>@ 1 1=*#:Z1/%+1>+/*7()%1/>+1
%(3+73+%1>+J+>>+:1-(1/%1)+6->/$#g/7() 1>+/*7()%11+*/6%+1-2+1/*#:1/): 11/%+1)+6->/$#g+1+/*21
(-2+>@1

AE/3,$+1YNIM2+1>+/*7()11+-H++)1%(:#6312G:>(E#: +1/):12G:>(*2$(>#* L/1*#: @
1.NaOH +HCl — NaCl +H,O
T+1:()-1)++:1-(1/::1/)G1*(+d*#+)-%11+*/6%+1-2+1>+/*7() 1#%1/$>+/:G LI/$/)*+: @

AE/3,$+1ANNIM2+1,>+5# #-/7()1>+/*7()1-2/-1(**6>%11+-H++) 1%(:#6312G:>(E#:+1/): 1#>()
KDDDL1)#->/-+@

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y
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4>+ 1H+12/9+1-2+1:>#9#)01I(>*+L(I1/1, >+ # #--+1J(>3#) OF LH2#+21-+$$%16%1-2/-1-2+1>+
HOOLSH +SG1/1:(61$+Z:#%,$/*+3+)-@

1.NaOH +Fe(NO,), — NaNO. + Fe(OH),
h#>%-F1$+-19%11/$/)*+1-2+1)#->/-+1/):12G:>(E#:+1#()% @
2.3 NaOH +Fe(NQO,), — 3 NaNO, +Fe(OH),

T+1/>+1)(H1)#%2+:11+*/6%+1H+1%++1-2/-1-2+1#>()1/):1%(:#631/-(3%1/>+1/$>+/:G1
l/$)*+.@

AE/3,$+1AANIM2+1)+6->/$#g/7()1(I1,2(%, 2(>H#* 1 /#: TH#-21%/$*#6312G:>(E#:+@

AH6Y0+1-2496THYO L) L/ Z11%+1>+/*7() LH#-212G:>(0+) 1/):12G:>(E#:+ 1#() %F 1-2+1,>(:6*-%1
H#$$11+1%/$-1/):1H/-+>@

1.H,PO, +Ca(OH), —- H.O +Ca.(PO,),

A*/6%+1-2+12G:>(EH#+1/):12G:>(0+) 1#() % 1*(31#)+ 1-(13/"+ LH/-+>F 1#- 1#% 1 +/%#+>1-(1%-/>-1
I$/)*#)01H#-21-2+1,2(%, 2/-+1#()1(>1-2+1*/$*#63@

2.2 H,PO, +3 Ca(OH), — H,0 +Ca,(PO.),
M2+12G:>(0+)%1/):1(EGO+)%1/$>+/:G1I/$/)*+@1;6>>/2r
4E/3,$+1APNIM2+1>+*7 () LI+-H++)1%6$I6>#* 1/*#:1/): 1%(:#631/*+-/-+@

M2#%1#%1/)1/4#: Z11%+1>+/*7()@11.4*/6%+1-2+>+1#%1)(-12G:>(E#:+1#()F1-2+1,>(:6*-%1/>-
%0/$-1/): 1H/-+>@18/-2+>F 1H+1%2(6$: L9#+H1-24%1>+/*7() 1,65+$G L/%1/1:(61$+Z:#%, $/*+3+)
>+*7()@

1.H,50, + NaCH,COO — Na.,S0,+ CH,COOH

h#>%-1$+-19%11/$/)*+1-2+1%6$d/-+ 1#()%N

2.H,50, + 2 NaCH,COO — Na,S0O_+ CH,COOH

M(Li)#9%2F LH-+11/$/)*+1-2+1/*+-/-+10>(6,%N

2.H,S0, + 2 NaCH,COO — Na.,S0_+ 2 CH,COOH

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y



Y2

a/3+N1SSSSSSSSSSSSSSSSSSSS
Pre-Lab

A@T2/-1/>+1-2+1_1-G,+%1(I1>+*7()%L:#%*6%%+: 1#)1-2+1#)->(:6*7()1-(1-2#%1$/Ip

P@+$+*-1-2+1*(>>+*-1,>(-(*($1I(>1I/$/)*#)01/)1+56/7()N
1@ T>#-+1-2+1>+/*-/)-%1/):1,>(:6*-% @1M2+)1/:06%-1-2+1J(>36$/%1(J1-2+1,>(:6*-%1-(1
I$S(HLI(>LI/B/)*+:1/3(6)-%1(J1-2+1+$5+3+)-% @
1@ T>#-+1-2+1>+/*-))-1/):1,>(:6*-% @ 1=:06%-1-2+1*(+d*#+)-%1 (I 1-2+1%61%-/)*+%1-(1
I$S(HLI(>LI/S/)*+:1/3(6)-%1(J1-2+1+F5+3+)-% @

K@'(316%7 () L#%1-2+1>+*7() LI+-H++)1/) 1(>0/)#*13($+*6$+1/): LH2/-1+$+3+)-p

C@/$/)*+1-2+1I($$(H#)01>+/*7()%N
/@ ss"; clO1sstt>1ss1'kr101ssh
|@ ss1=$101sA1ES «

*@ss1=$101ss1\)bP1ss\)101ss5h«

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y



YX

a/3+N1ssSSSSSSSSSSSSsssss1l 1 1 1 WI/I1R/>-)+>N1SSSSSSSSSSSSSSSSSS

Procedure
T>#-+1-2+11/$/)*+:1*2+3#*/$1+56/7()%1LI(>1+/*21>+/*7() L0#9+) @ 11!613#-1-2+%+1>+%6$-%1/%1G(¢
(%-Z$NIHC"@

Combination Reactions
AQX#,2(%,2(>6%1->#(E#:+1#%1I(>3+: LIGL:#>+*-1*(31#)/7() 1 (I 1#-%1+$+3+)-% @

P@=33()#/1/):1%6$I6>#*1/*4#:1*(31#)+1-(1I(>31/33()#631%6$J/-+

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

C@T2+)12+/-+:F1,(-1%%#631*2$(>/-+1:+*(3,(%+%1#)-(L(EGO+)1/): 1, (-/%%#63 1+ 2$(>#:+@

Complete Oxidation
_@R>(,/)+F1Y; -F116>)%1#)1/#>@

M@=*+-/$:+2G:+F1'\";bF1#%1*(3,$+-+$GL(E#:#g+. @

Oxidation-Reduction
N@;G:>(0+)1#%1>+$+/%+:1H2+) 1/$63#)631>+/*-%1H#-212G:>(*2$(>#*1/*#. @

2@\V/0)+YHE3L>+*-% L H#-21%#$0+>1)#->/-+1%($67() @

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y



YAN

a/3+N1sSSSSSSSSSSSSSSsss1l 1 1 1 WI/I1R/>-)+>N1SSSSSSSSSSSSSSSSSS

lon Combination Reactions
Y @./>#631*/>1()/-+1,>+*# #-[-+%1H2+) LI/>#631*2$(>#:+1/): 1% (:#631*/>1()/-+1%($67() %01
>+/*-@

AN@BSIE>HLI*#:1)+6->I$HY+% 1*/$*#6312G:>(EH#:+@

AA@HEILH(/-+1/): LY6H#$O+>1)#->/-+1%($67()% L/>+1*(31#)+:@

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

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

Other Reactions
AC@Q,+>KDDL1*2$(>#:+1/):1H/-+>1>+%6$-1J>(31-2+1>+/*7()1(J1*(,,+>KDDL1(E#:+1/):1
2G:>(*28(>#*1/#.@

A_@ () LH#EH+1)): 1H-+>1/>+1-H(L(J1-2+1-25++1,>(:6*-%1I>(31-2+1>+/*7() 1 (J1%6$I6>#*1
[ 1H#-21%(:#6312G:>(0+)1¥/>1()/~+@

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

AM@:>(1>(3#*1L/*#: 1>+/*-%1H#-21,(-/%%#6312G:>(E#4:+@

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

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y



YAA

a/3+N1sSSSSSSSSSSSSSSsss1l 1 1 1 WI/I1R/>-)+>N1SSSSSSSSSSSSSSSSSS

A? @$9+>1)#->/-+1>+/*-%1H#-212G:>(%6$I6>#* 1/*#:@

AYB2(,2(>6%1->##(:#:+1#%1I(>3+:1J>(31#-%1+$+3+)-%0 @

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

PAGO/>F1A5 pib AR 1#9%116>)+ 1#) 1#>@

PP@O/>F1A5 pi adF11>+/"%1:(H)1-(1H/-+>1/):1%/>1()16,()12+/7)0@

PK@/#-2#6312G:>(E#:+1%($67() 1*(3+%1I>(31-2+1>+/*7() L (J1$#-2#63L(E#:+1/): 1H/-+>@

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

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

PM@*"+$12G:>(E#:+1>+/*-%1H#-21%6$I6>#*1/#:@

Pn@>#631,+>(E#:+F LI 1:+%(3,(%+%1#)-(L(EGO+)1/): 1I/>#631(E#:+@

P?2@33()#/Fla; (F1#%1J(>3+:1J>(31#-%1+$+3+)-%@

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y



YAP

a/3+N1sSSSSSSSSSSSSSSsss1l 1 1 1 WI/I1R/>-)+>N1SSSSSSSSSSSSSSSSSS

PY@-G$1/$*(2($K1\b;F1#%1%(3,$+-+$GL(E#:#g+.@

k"N@0)+%#631)#->#:+1#%1J(>3+:1J>(31#-%1+$+3+)-% @

KA@S$I6>H*1/*#:1>+/*-%1H#-21,(-/%%#631)#->#-+@

/1 ($$+0+1M1AYPIW/I(>/-(>G1V)6/$1]PMY
6,:/-+:11G1\@1.6>>F1P Y



