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MEPOZ A”: (MONAAEZ 20)
EpwTtioeig 1-4
Kafe opBn arravrnon BaduoAoyeital pe mTévTe (5) povadeg.

Epwtnon 1
(a) Na ypdweTe TOUG XNMIKOUG TUTTOUG OUO (2) 1IoXupwyv Kal dUo (2) aoBevwyv
o&éwv: (2u)
loxupd O&éa AcbBevr) Otéa
HCI CHsCOOH
HNO3 HF

(B) Na ypaweTte TOUG XNMUIKOUG TUTTOUG BUO BACEWYV TTOU €ival EUBIAAUTESG Kal OUO

Baoeig Tou gival SUCOIAAUTEG OTO VEPO: (2u)
EudiaAuteg Bdaoeig AuodidAuTeg Baoeig
NaOH Cu(OH)2
KOH Fe(OH)s

(y) Na ypawete TOovV XNUIKO TUTTO €vOG UBPOLEIdioU TTOU E£XEI AU@POAUTIKO
XAPOKTAPO. (1)

Zn(OH)2

Epwtnon 2
(a) Na ypawerte TIG EKQPAoeIC TNG OTABEPAS XNUIKAG ICOPPOTTIOG YIA TIG TTIO KATW

XNUIKES I00PPOTTIEG. (2u)

() 2S02(g) + O2(g) —=  2S0s(g) Kc= [SOs)?

[SO2]2.[O2]

[COJ?

() C(s) + CO2(g) =——  2CO(g) Kc=
[CO2]

(B) Z& kAe10TO doxeio atrokabioTaTal N akOGAouBn XNMIKY I00pPOTTIA:

Hz(g) +12(9) =—  2HI(9) AH>0



Na onAwoete 1TTwg Ba petaBAndei n mo TAvw XnuIK 100ppoTria  (Ba
MeTaTOTTIOTEI OECIA, aploTeEPd 11 Oev Ba PETATOTTIOTEI), OTAV EKTEAECOUUE TIG
aKOAOUBEC PETAPBOALC: (2u)
(1) Au&avoupe Tn Bepuokpaaoia KPATWVTAG TNV TTieon oTaBepr. Agdid

(1) Augavoupe Tnv TTiEON EAATTWVOVTAG TOV OYKO TOU OOXEIOU KPOTWVTAG TN
Bepuokpacia otaBepry.  Agv Ba HETATOTTIOTEI

(i) ATTopakpuvouue atro 1o doxeio opiopévn TToooTNTA Ho. Aplotepad

(1v) TotroBeToUpE KATAAANAO KATOAUTN. Agv B0 HETATOTTIOTEI

ATTO TOUG TTI0 TTAVW TTAPAYOVTEG VA ETTIAECETE EKEIVOV TTOU AUEAVEI TNV ATTODOON

NG avTidpaong. Mapdayovrag (1), 5nAadn aunon Beppokpaciag. (1)

Epwtnon 3

(a) Na kartatdgete 10 MO KATW ICOPOPIOKA dlaAupaTta aAdtwv ot 68iva,

aAKOAIKA 1| oUdETEPQ. (1,5u)
BaClo  Oudérepo KCN AAkaAIk6

NH4CN AAKOAIKO

(B) Na ypdwete Tnv avtidpacon NAeKTPOAUTIKAG d1IACTACNG Kal TNV avTidpaon
udpoAuong Tou ahatog KCN. (3,5u)

KCN —H29, K* + CN-

CN- + HHO =—— HCN + OH

Epwtnon 4
(a) Na ypawyete Tov OpIoPO TOU 0&E0G KaTd Bronsted — Lawry. (1)

OgU gival oTToladATTOTE OUTIA 1 IOV TTOU PUTTOPEI va dwoel éva N
TMEPICOOTEPA TTPWTOVIAL.

(B) Na utrodeigete Ta ouduyr| Celyn, 0&€og — BAONG, TTOU CUPKETEXOUV OTIG TTIO

KATW XNUIKEG aVTIOPAOEIG: (2u)
I. NHs + HSOs =—— NHs" + SO0s*
n. CN + HsO* —— HCN + H20



2uduyég OSu 2uduyng Baon
AvrTidpaon (1) HSO4 SO4*
NH4* NHs
Avridpaon (i) HsO* H20
HCN CN-

(y) Na ocupttAnpwoete Tov akdAouBo Tivaka pe Ta ouduyn {elyn ot€oc—Bdaonc.

(2u)
2ufduyég ogu H20 H2SO4 H2S HNO3
2uduyng pBaon OH- HSO4 HS NO3z
AKOAOYOEI TO MEPOZXZ B’
MEPOZ B": (MONAAEZ 60)
EpwTtnoeig 5-10
Kda0s opOn amravrnon BaBuoAoyeital ye 10 povadeg.
EpwTtnon 5
Na utroAoyioete To pH Twv MO KATW SICAUPATWY KAl va TO TOTTOBETHOETE O€
ogipd avgnong Tou pH Touc: (10M)

AidAupa A: HCN 0,2M
AidAupa B: HCI 0,2M
AidAupa I Miyua HF 0,2M kai NaF 0,1M

AidAupa A: AiGAupa TTou TTPOKUTITEL ATré TNV TTPocBnkn 50mL SiaAUuaTog
NaOH 0,5M og 200mL diaAupaTog CH3COOH 0,2M.



H20
AidAupa A: HCN =—= H'* + CN-
0,2-x X X

[ HY] =V (Kog.Coz.) = V (4,2.1010.0,2) = 1,45.105 M

pH =-log[H"] = 4.84

H20
AidAupa B: HCI —» H* + CN-
1 mol 1 mol 1mol
0,2 mol X; x=0,2 mol

[H]=0,2 M

pH =-log[H"] = 0.7

AidAuvpa I

[ H'] = Kot.Cot./Car. = 6,8.10%.0,2/0,1 =1,36.10° M

pH =-log[H"] = 2.87

AigAupa A:
NaOH: 0,5 mol 1000mL
X; 50mL x= 0,025 mol

CH3COOH: 0,2 mol 1000mL
X; 200mL x= 0,04 mol

CH3COOH + NaOH —» CH3COONa + H20
ApXIKd 0,04 mol 0,025 mol ...l

Avt./map. 0,025 0,025 0,025
Tehika 0,015 mol  .......... 0,025 mol

[ H*] = Kog.Cot./Cah. = Kog.Not./Nar. = 1,8.10°5. 0,015/0,025 = 1,08.105 M

pH =-log[H*] = 4,97



Epwtnon 6
(a) Na avagépete Twg Ba etrnpeaoTei (Ba augnBei, Ba peiwdei 1 O Ba

METABANBEI) TO pH OTIG TTI0 KATW TTEPITITWOEIG.
Na OIKAIOAOYAOETE TIG ATTAVTAOEIG OOG. (4p)

() Z& didAupa Ca(OH)2 dioxeTeuouue agpio COx2.

Meiwveral To pH. To Ca(OH)2 avridpad pe to CO2, dpa peiwveral n [ OH,
otmroTte 10 pH peiwveTal. () avTidpaon)

(1) Ze 500mL diaAupatog HCI 1M 1rpocbEToupe 500mL atrooTayuévou vepou.
Augaveral To pH. To diaAupa HCl apaiwvel, dpa peiwveral n [HCI] kai n
[H*], oréTe TO pH augdveral.

(i) Oepuaivoupe eEAaPPa avoiKTO dOXEIO TTOU TTEPIEXEI DIAAUUA AUUWVIOG.
Meiwveral To pH. H NH3 e§arpideral, dpa peiwveral n [ OH], omére To pH

MEIWVETAI.

(iv) Zg didAupa tmou TrEpIEXel NH3 kai NH4Cl 1rpoocBétoupe Aiyn tToodétnTa
diaAupatog HCI.

To pH dev petafdAAeTal a@ou To SidAupa gival pUBUICTIKG Kal TTPOCORKN

MIKPAG TTO0OTNTAG 0§€0G. I} BAong dev peTafdAAer To pH.

(B) Na utrohoyioete Tn cuykévipwaon (M) Twv TTI0 KATW SIGAUPATWV:
(1) AiGAupa Ba(OH)2 pe pH=13 (2u)

pH=13 Apa, pOH=1

[OH]=101M
H.0
Ba(OH)2 — Ba?" + 2 OH-
1 mol 1 mol 2 mol
X; 0,1 x=0,05 M




(1) AiGAupa CH3COOH pe pH=2,5 (1,5u)
[ H] =102°M
[ H+] = \/ (Ko{.CoE.)

Cot. = [ H]% Kog. = (1025)2/1,8.105 = 0,56 M

(y) AlaBétoupe didAupa HCI 2M. Na uttoAoyioeTe:

( Tov o6yko Tou OIOAUPATOG TIOU TIPETTEL va  ApPaIwWBEl, woTe va
TTapackeuaoTouv 2L diaAuparog HCI 0,5M. Qp)

Ci.V1=Ca V2
2V1=05.2=051L

(1) Tov 6yko ToU apxIkoU SIOAUPATOG TTOU OTTAITEITAI WOTE VA OXNUATIOTOUV
400mL diaAupartog HCI pye pH=1. (1,5u)
[H]=101M

Ci.V1=Cao V2
2V1=0,1.0,4=0,02L R 20 mL

EpwTtnon 7

(a) NMa TNV e0peon TS auykévTpwang diaAlpaTtog FeSO4, 50mL atrd 1o didAupa
auTé oykopeTprONkav e didAupa KMnO4 0,02M oTnv TTapoucia Belkou 0&éog,
H2SO4, o11oTE KATAVOAWBNKAV 25mL Tou péTpou.

(1) Na ypdyeTte TN XnMUIKN €€iocwaon TG avTidpaong TTou TTPAYUATOTIOIEITAl.

(2,54)
. Avaywyn 5
| \
+2 +7 +3 +2

10 FeSO4+ 2 KMNOa+ 8 H2SO4—»5 Fe2(S04)3 + K2SO4+ 2 MNSO4 + 8 H20

Oggidwon 1
(1) Na utroAoyioete Tn popiakdTNTa TOU dlaAupaTog FeSOa. (,5u)
KMnOQOa: 0,02 mol 1000mL
X; 25mL x=5.10* mol




KMnOs : FeSOq4
2 mol 5 mol
5.10% X: x=2.5.10" mol

FeSO4: 2,5.103mol og 50mL
X; 1000 x=0,05 M

(m) Na eg¢nynoere mmwg Ba yivel n avayvwpion Tou TEAIKOU OnueEiou Tng
OYKOMETPNONG. (0,5u)

Otav OTAPNATAOEI O ATTOXPWHATIONOG OTNV KWVIKK @IAAN KAl ENPAVIOTEI
TO TTPWTO AVOIKTO IWOEG XPWHMO TTOU Trapapével yia Tavw otmrd 30
deuTepOAeTTTO.

(v) Na €¢nynoete T o@aAuya Ba TrpayparotroinBei, av yia Tnv ogivion Tou
diaAupaTtog Tou KMnOs yxpnoiyotroiotoape OidAupya HCI otn 6éon Tou
dlaAupatog H2SO4 . (1)

To KMnO4 Ba o&eidwve, EKTOG a1md TO AyvwoTo, Kal 1o HCI, omwdTe Oa
YIVOTOV UTTEPKATAVAAWON TOU UETPOU TToU Ba TrpoKaAoUoe OeTIKO

g@aAua.

(B) Ze motApl C€ocwg TTOU TTEPIEXEl TTepiooela TTuKvoUu HNO3 ToTTO8€TOUUE
0.3175g Cu. H avtidpaon TTpayuaToTIoIEiTAl OTNV £C0TIA.

(1) Na ypdyete TN XNMIKN €€icwon TG avTidpaong TToU TTPAYUATOTTOIEITAI:
(1,5u)

0 +5 +2 +4

Cu+4m HNO: —> Cu(NOs)2 + 2 NO2 + 2 H20

Avaywyn 1

Ogeidwon 2

(1) Na ypdyete dUo TTaPATNEROCEIG TTOU avauévovTal Katd Tn OIGPKEID TOU
TTEIPAPATOC (1p)

KaoTtavé agpio.
To didAupa yiveral yaAddio.
(A o XaAk6g SiaAveTan)



(i) Na uttoAoyioeTe TOV OYKO TOU QEPIOU TTOU ATTEAEUBEPWIVETAI O OUVONKEG

STP. (1,5p)
1 mol Cu 63,59
X; 0,3175¢g x=5.10-3 mol

Cu : NO2
1 mol 2 mol
5.1073 X; x= 0,01 mol NO2
1 mol NO2 22,4 L
0,01 X; x=0,224 L

(v) Na onAwoete 71 avapévere va oupPei, av  avri mTukvé HNOs
xpnolyotrolovoaue apaid H2SO4 . (0,5u)

Aev 0a yivoTav kKapid avridpaon.

Epwtnon 8
(a) Na ava@épete TIG dUO TTPOUTTOBECEIC WOTE PIO CUYKPOUon MWETALU dUo
QAVTIOPWVTWY OUCIWYV VA EiVAI ATTOTEAECUATIKH. (1)

(1) KatdAAnAn Taxurnta (Q evépyeia)

(1) KardAAnAog TrpooavatoAiIcog

(B) Na eionyn®cite T€00€epIg (4) 1aPOPETIKOUG TPOTTOUG AUENOoNG TNS TaxUTNTOG
NG MO KATW avTidpaong. Na SIKAIOAOYACETE TIG EI0NYNOEIS OOG.
(4u)
A(s) + B(@) —» 2T(9)

(1) To oteped A va yivel o€ pop@r oKOVNG.
MeyaAUTepn em@AvVEIa ETTAPNG, APA TTEPICOOTEPES CUYKPOUOEIG.

(1) Meiwon Tou 6ykou Tou doxeiou (| Alnon TnG Trieong)
MepioodTeEpEG CUYKPOUOEIG.

(i) Augnon Tng Beppokpaciag.
Mo ToAAdG pépiIa £XOUV TNV ATTAITOUHEVN EVEPYEIN EVEPYOTTOINONG WOTE
Ol CUYKPOUOCEIG VA Eival ATTOTEAECHATIKEG.

(iv) KataAuTtng
Mo xaunAn evépyeia evepyoTroinong.

10



(y) Ze doxeio oykou 5L eicdyovrar 10 mol N2 kai 12 mol Hz, omorte
TIPAYUOATOTTIOIEITAI N avTidpaon,

N2(g) + 3H2(g) —— 2NH3(Q)

MeTd a1rd TTApodo 20s Bpédnke 0TI oTo doxeio utmpxav 3 mol Ha.

(1 Na ypdayete TOV HOBNUATIKO TUTTO TNG TaXUTNTAG TNG TTIO TTAVW avTidpaong.

(3u)
A[NH3] A[N2] A[H2]
U= o— =~ =- __
2.At At 3. At

(1) Na utroAoyioeTte Tnv TaxUTNTA TNG TTIO TTAVW AVTIOPAONG. (2u)

Apxika 12 mol Ha.

TeAika 3 mol He.

Avtédpaoav 9 mol Ho.

A[H2] =9 mol /5L

A[H2] 9/5M
U= - — = = 0,03 mol/L.sec
3. At 3. 20 sec

EpwTtnon 9

(a) Na utrohoyioeTe Tov apiBud o&eidwang Tou P GTIC TTIO KATW XNMIKES EVWOEIG:
(2u)

-3 +5 +5 +3
PHs H3POa4 P20s KH2POs3
(B) Na Bpeite TOUG OUVTEAECTEG TWV TTIO KATW OEEIBOAVAYWYIKWY AVTIOPATEWV:
(4x1,5y)
Avaywyn 1
+3 2 \+2 0

() 2FeCls + HoS — 5 2 FeCl2+ S + 2HCI

\

Ogeidwon 2

11



Avaywyn 2

\

1 +4 +2 0

() 4HCI + MnO:2 ——— 1 MnClz2+ 1Cl + 2 H0

| \

Ogeidwon 1
Avaywyn 3
+2 +5 +3 4!2
(m) 3 FeO + 10 HNOs —— 3 Fe(NOs3)s + NO + 5H20
O¢eidwon 1
_ Avaywyn 2
+2| -3 (! 0
(v) 3 CuO +2rlH3 E— 3 Cu +1h‘z + 3 H20
O¢eidwon 3

(y) Na dnAwaoeTe Tnv 0LEIBWTIKH KAl TNV avaywyIKr oucia oTIG avTIdPAoEIS (1)

Kai (1): (2u)
O&e1dwTIKA ougia Avaywyikn oucia
AvTidpaon (1) FeCls H2S
AvTidpaon () MnOz2 HCI

12



EpwTtnon 10
MNa 10 KaBéva aTrd Ta TEIPAPATA TTOU AKOAOUBOUV va YpAWETE OAEG TIG XNHIKES

avTIOPAOEIG KAl TIC TTAPATNPAOCEIG TTOU AVOUEVETE VO KAVETE PETA ATTO KABE
Teipapa:

Meipaua A:

2e 01ePed Na2COs 1TpooBEéToupe oTayoveg SIAAUNATOG UDPOXAWPIKOU OEEOG.
AloxeTevouye TO Q€pI0O TTOU  OoXnNMaTiCeTal O€ OOKIUAOTIKO OWAAva e
aoBeoTOVEPO. (4p)
(2 xnUIKEG avTIOPATEIG)

Na2CO3z + HCI ——— NaCl + CO2 + H:0

A@piopog

CO2 + Ca(OH)2 ——— CaCOs + H2:0
To aoBeocTévEPO BOAWVEL.

Meipaua B:
2€ OoKINaoTIKO owAnva TTou Trepiéxel didAupa Pb(NO3)2 mpooBétoupe katd
otayoveg didAupa NaOH kai petd mrepicoeia diaAuparog NaOH. (3u)

(2 xnuIKES avTIOPATEIQ)

Pb(NO3)s + NaOH —— Pb(OH)2 + NaNOs3
Aguké i{nua

Pb(OH)2 + mepioogsia NaOH —— Na2PbO2 + H20

To i{npa diaAveTal Kal oxnuaTti¢eTal axpwpo didAuua.

Meipapa I
2& OOKIHaoTIKO owAfva TTou TrepIExel oTePed NHaCl TTpocBéToupe oTaydveg

olaAupatog NaOH kai Bepuaivoupe eAa@pd. Z1n cuvéxela TTANCIAlouue OTO
OTOMIO TOU CWARva YudAivn pdpdo euTroTIodéVN PE TTUkvO HCI. (3u)
(2 xnUIKEG avTIOPAOEIG)

e
NH4Cl + NaOH —— NaCl + NHs + H20

Appiopog

NH3g + HClg — NHaCls)
AocTtrpa VEQN

AKOAOYOEI TO MEPOZ I'”

13



MEPOZ I''": (MONAAEZ 20)
Epwtnoeig 11-12
Kd0s opOn amravrnon BaBpoAoyeital ye 10 povadeg.

EpwTtnon 11
H KauTTUAN TTOU diveTAl OTO TTIO KATW OXrua Ocixvel TN YETABOAN Tou pH détav

oe 50mL diaAupartog ogikou 0&€og,CH3COOH, mrpooTiBeTal otadiakd didAupa
NaOH 0,2M.

pH 14 5

Al :
0 |
25
Oykog NaOH (mL)
(a) ATT6 Ta onpeia A — E va eTTIAEEETE TO KATAAANAO: (1,5u)

(1) ZTNV KWVIKA QIGAN UTTApXEl HOVO dIAAUNa VOGS AAaToG. I

(1) ZTNV Kwvikn @IGAN uTTApPxXEl PUBMPIOTIKO dIGAUNQ. B
(i) ZTNV KWVIKA QIGAN UTTApPXEl JOVO OEU. A
(B) Mwg ovopadletal To onueio I loodUvapo onpueio (0,5u)

(y) Na utroAoyioerte:

(1) Tn popiakdTnTa Tou dilaAupaTtog CH3COOH, XpnOIMOTTOIWVTAG TNV KAUTTUAN

ecoudeTépwong. (2u)
NaOH: 0,2 mol 1000 mL
X; 25 mL x=5.10 mol

14



NaOH : CHsCOOH

1 mol : 1 mol
5.103 X; x=5.10° mol CHsCOOH
CH3COOH: 5.10° mol 50 mL

X; 1000 mL x=0,1M

(1) To pH TOU dlIOAUPATOG TTOU oXNUATICETal PHETA aTTd TNV TTPOCBrKn 10mL

dlaAupatog NaOH 0,2M ota 50mL diaAupatog CH3COOH. (4w
NaOH: 0,2 mol 1000 mL
X; 10 mL x=2.10"3 mol

NaOH + CHsCOOH ——— CHsCOOH + H20

ApXIKA 2.10° mol 5.10*mol
Avr/rap  2.10° mol 2.10° mol 2.10° mol
Tehikad ... 3.10° mol 2.103 mol

[ H+] = Kot.Cot./Car. = Kog.Nog./Nah. = 1,8.10'5. 3.10°3 /(2103 ) =27.10°M

pH = -log[H"] = 4,57

(®) AloBEéToupe TPEIG DIAPOPETIKOUG OEiKTEC yia XPAon Katd TNV TTo TTAvw
OYKOMETPNON.

Agiktng A: Ks=10, Asgiktng B: Ks=10* ka1 Agiktng I': Ks=108

Na emIAé§eTe TOV KATAAANAO yia TN TTI0 TTAVW OYKOPETPNON, SIKAIOAOYwWVTAG
TNV €TTIAOYI OQGC. (2u)

Zwvn ekTpoTrig deikTn: pH=pKs* 1
Zwvn ekTpoTri¢g deiktn A: pH = (5,7)
Zwvn ekTpoTrig deiktn B: pH =(3,5)
Zwvn ekTpoTtrig deiktn I pH = (7, 9)

O d¢eikTng I €ival o KaTtadAAnAog 816TI N {wvn EKTPOTTG TOU EUTTITITEI HEOA
oT1n {wvn e§oudeTEPWONG.
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EpwTtnon 12
2€ KAeloTé doxeio dykou 10L, eiocdyovral 4 mol SOz kai 3 mol Oz, omoTe

atrokaBioTaral, o€ Bgpuokpacia 01°C, n iIcoppoTTia:

2S02(g) + O2(g) === 2S0s3(g)
21NV KatdoTtaon IcoppoTriag BpEédnke 6T oTo doxeio TrepiEXovTal 2 mol SOs.

(a) Na BpeBouv:
() H ouoTaon Tou Piyuatog oTnv ICOPPOTTIAL. (3u)

2S02(g) + 02(g) === 2S03(g)

ApXIKd 4 mol 3mol
AvTt/tTap 2X X 2X
Xnu. loop. 4 - 2x 3-X 2x =2 mol Apax =1
2 mol 2 mol 2 mol
(1) H otaBepd xnuikng 1coppoTriag Ke o€ Bepuokpacia 081°C.. (1,5u)
[SO3]? (2/10)?
KC= = = §
[SO2]?[O2] (2/10)2.(2/10)
() H arédoon g avtidpaong. (2u)
o = TTPAKTIKG
fswpnTIKA
OewpPnTIKA:
(EAeyxog via mrepiooeia): O2 og nepicosia,
SO2 : SOs3
1 mol 1 mol
4 mol X; X =4 mol

a=2mol = 50%
4 mol

(B) Av yvwpicete OTI N 0TOBEPA XNMIKAG I00PPOTTIOG TNG TTIO TTAvw avTidpaong
o€ Beppokpaaia 82°C, 61rou 022> 01°C, €xel Tiun ion e 20, va dnAWOoETE av n
Mo TTAvw avTidpaon gival e§wBepun i evdOBepUN.

Na SIKaIOAOYACETE TNV ATTAVTNOT| 0AG. (1,5u)
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Kc’ =20 evw Kc =5. HKc au§Rbnke dpa n 1coppoTria JETATOTTIOTNKE O£EIA.
A@oU 0:>01, dedla cival gevdOBepun avridpaon, WOTE va avalpEéCEl TV
METARBOAN.

(y) Na avagépete dUo TPOTTOUG PE TOUG OTToiIoUG gival duvaTédv va auénbei n
a1rodoon TNG avTidpaong. (2u)
() Augnon Beppokpaciag.

(1) Meiwon Tou dykou Tou doxeiou (i augnon TnNG Trieong)

TEAOZ EZETAZH

H AieuBuvtpia

Tépywa AnunTpiou
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