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Example
Cis) + HyOlg) — COig) + Hialg) AH, =1
Cis) + l}]{ﬂ" — C':Fﬂ;_l!‘} AH = =3935 k|

20O + Oulg) — 20040g)  AH = —566.0k)
2Hy(g) + Oulg) — 2HO(g) AH = —4836k]

Cls) + Oyg) — Cailg) AH = =3935 k]

% [200g) — 2C0(g) + O4lgll  AH = Yy ¥ (+3566.0 kD)

Y2 ¥ [2HO{g) — 2Hyg) + Oyig)]  AH = "y % (+483.6 kD)

Cis) + Dyl — CoOHg) AH = -3935k]
GOl — CO{g) + 'LO4fgy AH = +183.0Kk)
H,0lg) — Hiigh + %0utp) AH = +241.8k)

Cis) + H;0(g) —= CO(g) + Halg) AH.. = +131.3K)
Chembstry 120

Hess's Law Warksheet

1. Cakulsic AH for the reaction CoH, (g) + H (g) = C:H, (g), from the following data,

Cal (g) #+ 3 O0g (@) = 200 (gh + 2 HO (1) AH = =141 1. kl'mole

CaH (g) # T2 0y dgh == 2 COy (gl + 3 Hy O AH = -] 5640, kl'mole

H: (g) + 172 Oy (g) = WOl AH = -285.8 kl/male
2. Cakulsie AH for the reactson 4 NH, igh = 5 Oy igh =+ 4 KO (gh + & HO (gl from the
following dats,

My gl +On (g — 2 RO(2) AH = -]80.5 Kl

Mg+ 3 He dgh — 2 NH g) AH =91 8 kI

2 Hs gy + O fgh — 2 HO i) AH = -4816 kJ

3. Fimd AH," for scetic acid. HC 1 HiOy, using the following thermochemical dats

HC :HOn il + 200 g — 200: (g) + 2 Ol AH = -875, kl'male
C {&, graphite) = Oy (gh — OO0 (g AH = -394 51 klVmole
H: 4gh + 172 O gy — HyO0ily AH = =283 8 kl'male

4. Cakulsie AH for the reactson CH, (g) + NHy () — HON (2) + 3 He ig). from the reactions,

My igh+ 3 Hy (g — 2 XHs (g) AH = -9 8 kI
C (s, graphite) + 2 Hy igh — CHy (g) AH = -74.9 klmaobe
H; ig) + 2 C (&, graphite) + My (g2) — 2 HCN (g) AH =+2T0.1 k)

5. Cabculste AH for the reactson 2 Al (3) = 3 Ch (g) — 2 AKCE (5) from the following data

3 Al fs) + 6 HOl (aq) — 2 AKCK (aq) + 3 He (g) AH = - 1049, kJ
HCH (g) — HCT (ag) AH = 74,8 kKlimaobe
H: (g) + Ck (g) — 2 HCL (g) AH = -] 845 kJ

AKCE (5] — ANICE (ag) AH = =323, klimale

12 +» The Gas Laws

BOYLE'S LAW

Boyle's Law states that the volume of a gas varies mmlyudlh its pressure if temperature is beld constant.

{If one goes up, the other go We use the formula:

Crovieroy, |

mmmmfmmw mﬂ-m&a‘m_{mghuﬁ;m
I. A sample of oxygen gas occupics a -mlnn:el'ﬁnml.u?wlmpuw: What volusse will it sccupy 81

L

800 sarr pressure? P+ P .
T v oA @) |
.9 BOL 4w )

2. A sample of carbon dioxide occupics a velume of 3. Sﬂhmﬂ 125 kPa pressure. What pressure would
the gas cxert if the volume was decreased to 2.00 liters? ¥ -

-%ﬁ'— = (125 4P (3 56 *_) = l,?m Lmi

. itk
3. A XOO-Liter container of nitrogen 3.20 atm. What volume would be

decrease the pressare to 100 atm? = TN, wn
Por 2w e V.2 Ao Vs ?__,L > """’”
Pur |t sk

] Nmmilwmupiﬂaw]mufﬁﬂnulmofmm What volume will it cocupy at
standard pressure (760 mmHg)?
T o, G T
Fur ol s (oo maHg )

5 AI?SMmehnrmhdluptmt ﬁm?mm mlsl:lpth. What is its new velume?

T i.a"'h &Fam} '35--1:) -
il 7 s = [Fs |

6. A mample of hydrogen at 1.50 atm had it pressure deacreased buﬂSUumducmglmm]m of 750
ml. What was the sample’s original volume? Wy

V.o _EL"."JL (52abN (350 ._L) ]J;TL ‘

.5
7 Chhnmmwutvdmdl.m{mn:m pressure. What volume will it occupy at ]
! ¥ 5

AP
Vo= ! = =1 .14 L
5 5 Joae |

§  Fluonne gas exerts o

the pressune is changed to 150 atm, its volume s 250

mL. What was the original volume? T, Fo Wy

V.

B (segdase=d | o)
‘J“Wﬁ 3HT -
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miXed , +he heomogeneous mixture 15 a Solubion,

@) Salution Composition,

Ls soludions can bt diluke or concentrated  but we need
ts define "sclution cnr-gu;-.'-}ign'; mort Frlthtl'j +o do
Calculations,

‘l'l'-u"l'. art Stvtru.'l methods for
d-l.’r-r.r.-n.mma a Solutien’s conceatra-
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eht rof HD etaluclaC .731- = HD .1.scilati ni nwohs era tnatsnoc a yb deilpitlum ro desrever erew taht snoitcaeRsnoituloSelom/Jk .1141- = HD )I( O2H 2 + )g( 20C 2 )g( 20 3 + )g( 4H2C.atad gniwollof eht morf ,)g( 6H2C )g( 2H + )g( 4H2C noitcaer eht rof HD etaluclaC .8261- = HD .0651+ = HD )g( 20 2/7 + )g( 6H2C )I1( O2H 3 + )g( 20C 2]k .323- =
HD )qa( 31CIA )s( 3ICIAJk .5]k 3.072+ = HD )g( NCH 2 )g( 2N + )etihparg ,s( C 2 + )g( 2Helom/Jk 9.47- = HD )g( 4HC )g( 2H 2 + )etihparg ,s( CJk 8.19- = HD )g( 3HN 2 )g( 2H 3 + )g( 2N.snoitcaer eht morf ,)g( 2H 3 + )g( NCH )g( 3HN + )g( 4HC noitcaer eht rof HD etaluclaC .7836- = HD .1141- = HD )I( O2H 2 + )g( 20C 2 )g( 20 3 + )g( 4H2CJk .3)Jk
6.384-(x 3 = HD )g( O2H 6 )g( 20 3 + )g( 2H 6)Jk 8.194+(x 2 = HD )g( 2H 6 + )g( 2N 2 )g( 3HN 4)Jk 5.081-(x 2 = HD )g( ON 4 )g( 20 2 + )g( 2N 2Jk ... waL ssseH gniylppa yBstcudorp fo cHD stnatcaer fo cHD = HD)g(4HC > )g(2H2 + )etihparg(C .5481-( x 3 = HD )g( 1CH 6 )g( 21C 3 + )g( 2H 3)Jk 8.47-(x 6 = HD )ga( ICH 6 )g( 1ICH 6]k .edis tnatcaer
eht no si )s(604P taht os noitauge eht mrofsnarT Jk 1.0461- = H )s(604P )g(203 + )s(4P rebmemeR.spets fo seires a ro pets eno ni ecalp sekat noitcaer eht rehtehw emas eht si yplahtne ni egnahc eht ,stcudorp ot detrevnoc era stnatcaer nehW wal ssseH.emas = tluser teN .2elom/Jk 8.582- = HD )I( O2H )g( 20 2/1 + )g( 2Helom/Jk .2Jk 8.582- = HD )I(
O2H )g( 20 2/1 + )g( 2HJk .578- = HD )I( O2H 2 + )g( 20C 2 )g( 20 2 + )I( 203H2CH.atad lacimehcomreht gniwollof eht gnisu ,203H2CH ,dica citeca rof OfHD dniF .4elom/Jk 8.582- = HD )I( O2H )g( 20 2/1 + )g( 2Helom/Jk 15.493- = HD )g( 20C )g( 20 + )etihparg ,s( Celom/Jk ...eb lliw rHD noitcaeR fo yplahtnE dradnatS ehT .5)Jk 3.072+( x 2/1 =
HD )g( NCH )g( 2N 2/1 + )etlhparg ,8(C +)g(2H 2/1Jk 9.47+ = HD )g( 2H 2 + )etihparg ,s( C )g( 4HC)Jk 8.19+( x 2/1 = HD )g( 2H 2/3 + )g( 2N 2/1 )g( 3HNJk 0.652+ = HD .0651- = HD )I( O2H 3 + )g( 20C 2 )g( 20 2/7 + )g( 6H2Celom/Jk 2 :se )203H2CH( 0fHD enifed euq n3AlccaeR]k '?oneg3Ard1h sag y otifarg ed ritrap a onatem ed n3Aicamrof al
arap aAplatne al ne oibmac le se 1jAuC¢A olpmejE.aibmac n©Aibmat H ed ongis le ,aibmac n3Aicauce al is :atoN Jk 1,0461 = H- )g( 203 + )s( 4P )s( 604P .684- = OfHD .1skroW walL ssseH021 ammAuQ .so*Aa 94 01- = HD )g( 2H 3 + )qa( 3ICIA 2 )qa( ICH 6 + )s( 1A 2]k 3 anigjAP.oirasecen se is onicev us a etlusnoC Jk 682- = HD Jk 0551- = HD Jk
1041- = HD )I( O2H )g( 20 5,0 + )g( 2H )I( O2H3 + )g( 20C20C2 )g( 20 20 5,3 + )g( 6H2C )I( O2H2 + )g( 20C2 )g( 203 + )g( 4H2C :senoiccaer setneiugis sal razilitU )g( 6H2C )g( 2H + )g( 4H2C :n3Aiccaer al arap n3Aiccaer ed rolac le ranimreteDJk 7,384- = HD J k 8,19- = HD Jk 6,081 = HD )g( O2H?2 )g( 20 + )g( 2H2 )g( 3HN2 )g( 2H3 + )g( 2N )g(
ON2)g( 20 + )g( 2N :senoiccaer ed sotnujnoc setneiugis sol odnazilitU )g( O2H6 + )g( ON4 )g( 2 O5 + )g( 3HN4: n3Aiccaer al arap n3Aiccaer ed rolac le enimreteD1-lom Jk 67 & = atseupseR- )098-(x 1 J4HC ed cHD x 1 [ SOTCUDORP sonem )682-(x 2 +)493-(x 1 = rHD ])2H ed cHD x 2( + )C ed cHD x 1( [ SETNATCAER ?oneg3Ard1h sag y otifarg ed
ritrap a onatem ed n3Aicamrof al arap aAplatne ed oibmac le saAridem om3AC;A amelborP ?licAfid odunem a orep n3Aitsubmoc ed saiplatne ridem hclAf se ©Auq roP;A :retratSwal sseH2 anigjAP )Jk .9401- = HD )g( 2H 3 + )qa( 31CIA 2 )ga( ICH 6 + )s( 1A 2.setneiugis sotad sol ed ritrap a )s( 31CIA 2 )g( 21C 3 + )s( 1A 2 n3Aiccaer al arap HD raluclaC
.nif a oipicnirp ed noreuf ,odatluser omsim le norargol saenAl sabmAhsiniFtratSwaL ssseH )g( 4HC )g( 2H2 + )otifarg( C onatem ramrof arap oneg3Ard1h sag le noc anoiccaer on otifarg le :amelborp .5 481- = HD )g( ICH 2 )g( 21C + )g( 2Hlom/Jk 8,47- = HD )qa( 1CH )g(1CHJk ,323+( x 2 = HD )s( 31CIA 2 )ga( 31ClA 2 )Jk .3Jk 6,384- = HD )g( O2H 2 O +
)g( 2]k 8,19- = HD )g( 3HN 2 )g( 2H 3 + )g( 2NJk 5,081- = HD )g( ON 2 )g( 20 + )g( 2N.setneiugis sotad sol ed ritrap a ,)g( O2H 6 + )g( ON 4 )g( 20 5 + )g( 3HN 4 O2H O2H 2 + )g( 20C 2.)I( 203H2CH )g( 20 + )g( 2H 2 + )otifarg ,s( HC2H302 (L) + 2 O2 (g) DH = +875. Problem: Graphite does not react with the hydrogen gas to form methane C
(graphite) + 2H2 (g) CH4 (g) Soluction finds the reactions that are produced that bind the graphite to methane through a series of steps.The of the reaction by formation enthalpy formation elements you should need the same amounts of each substance as if you formed the reagents from its elements.Thealpiece tends to be an exotic process of
reaction of enthalpiece of bonding the change of Entalpy for the hydrogenation of bonding enthalpit reaction etenalpy the enthalpy change for the hydrogenation of enthalpy for the hydrogenation of eThenodh21 x ¢ = ¢ Link 4 x Links CH 1 x Link HH @ 611 @ 413 @ 436 = 611 K] = 1652 KJ = 436 KJ = 2699 Total Kjenergia to break reacting reaction
reaction links to the enthalpy change for the hydrogenation of eThenodH21 x ¢ = Link C 4 x Links ch 1 x Link HH @ 611 @ 413 @ 436 = 611 kj = 1652 kj = 436 kj = 2699 kj = 346 kj = 2478 kj = 2824 kj = (2699 2824) = 125 kJ Total energy to break links of DH3 reagents 1 x link cc 6 x C- Links H @ 346 @ 413Energy Total to break product bonds
Applying the Law of Hesssdh1 = DH2 DH3ALPA of reaction formation enthalpath of the sample calculate the standard exchange of enthalpy For the next reaction, since the standard enthalpies of water formation, nitrogen dioxide and nitric acid are -286, +33 and nitric acid are -286, +33 and -286 and -286 and - 33 and a € "173 k] Mol-1 respectively;
The value for oxygen is zero, since it is an element2h2o (L) + 4NO2 (G) + 02 (G)> 4HNO3 (L) DH = DHF of the DHF products of the reagents applying the law of Hesss ... Products [4 x DHF of HNO3] less DHR = 4 x (-173) Reactants [(2 x DHF of H20) + (4 x DHF of NO2) + (1 x DHF of 02)] 2 (-286) Answer = a € "252 K] + 4 X (+33) + 0-Entalpy
enthalpy enthalpy enthalpy Entalpy If you burned all products you must obtain the same amounts of oxidation products such as CO2 and H20 H20. .4)Jk .4)Jk 8,582-(x 2 = HD )I( O2H 2 )g( 20 + )g( 2H 2)Jk 15,493-(x 2 = HD )g( 20C 2 )g( 20 2 + )otifarg ,s( C 2]k . 1-lom Jk 098-y 682-,493- nos onatem y oneg3Ardih ,onobrac ed n3Aitsubmoc ed
radniAtse saAplatne sal ;onatem ed n3Aicamrof al ed radniAtse aAplatne al aluclaC artseum al ed olucljACn3Aitsubmoc al ed saAplatne sal ed n3Aiccaer al ed aAplahtnEocimr®© Atoxe osecorp nu se n3Aitsubmoc al ed aAplatne al..sovitcaer sol 3Ameuq is
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