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2 uair an chloig.

Scriobh d’Uimhir Larionaid agus d’Uimhir larrthéra sna spasanna chuige sin ag barr an
leathanaigh seo.

| Roinn A, freagair gach ceist tri chiorcal a chur thart ar an litir chui thios faoin cheist.

| Roinn B, ni mor duit na ceisteanna a fhreagairt sna spasanna chuige sin.

Na scriobh taobh amuigh den achar bhoscailte ar gach leathanach na ar leathanaigh
bhana.

Combhlanaigh ceisteanna le duch dubh amhain agus bain Usaid as peann luaidhe HB
dorcha do liniochtai agus do ghraif.

Na scriobh le peann gléthai.

Freagair gach ceann de na seacht gceist déag.

Is € 110 an marc iomlan don phaipéar seo.

Léirionn figiuiri idir luibini ata priontailte ar thaobh na laimhe deise de leathanaigh na
marcanna ata ag dul do gach ceist né do gach cuid de cheist.

Ta cead agat aireamhan eolaioch a usaid.

Measunofar caighdean na cumarsaide scriofa i gCeist 11(a) agus i gCeist 14(b)(i).
Ta Bileog Sonrai, ina bhfuil Tabla Peiriadach na nDul, sa scrudphaipéar seo.
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Roinn A

| gcas gach ceann de na ceisteanna seo a leanas nil ach aon cheann amhain de na
freagrai litreach (A-D) ceart.

Roghnaigh an freagra ceart ar gach ceist tri chiorcal a chur thart ar an litir chui
thios faoin cheist.

1 Cé acu ceann de na cinn seo a leanas a léirionn eantalpacht hiodraitithe na n-ian
séidiam?

A Na(s) — Na'(aq)
B Na(g) — Na'(aq)
C Na*(s) — Na*(aq)

D Naf(g) — Naf(aq)

Freagra: A B C D [1]

2 Cén ceann acu seo a leanas a thaispeanann na breathnuithe cearta do na

himoibrithe?
Imoibriu le Imoibriu le Imoibriu le tuaslagan
himoibri Tollens tuaslagan de aigéadaithe de
charbénait dhéchromait(VI)
soidiam photaisiam
A | propanal scathan airgid gan 'T)ﬁ':nu ar oraiste go glas
B | prépanon scathan airgid gan 'T)ﬁ':nu ar oraiste go glas
C |propan-1-ol gan mt;ic;lr:)rlu ar broidearnach gan imoibriu ar bith
D alg'ee}d . scathan airgid broidearnach gan imoibriu ar bith
propanoch
Freagra: A B C D [1]
14555.06
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3 Cé acu ceann de na meascain seo a leanas a fhoirmeodh tuaslagan maolanach?
) A 25.0cm®de 0.1M CH,COOH(aq) + 15.0cm3de 0.2M NaOH(aq)

B 25.0cm3de 0.1MH,SO,(aq) + 15.0cm?de 0.2M NaOH(aq)

ce C 25.0cm3de 0.1M CH,COOH(aq) + 10.0cm?de 0.15M NaOH(aq)

D 25.0cm®de 0.1MH,SO,(aq) + 25.0cm?®de 0.2 MNaOH(aq)

ce Freagra: A B C D [1
ce 4 Cén ceann acu seo a leanas nach féidir a dhi-ocsaidiu le halcél priomhuil a

%) fhoirmiu?

- A Dbutanal

CcE B eatanal

C aigéad propanoch

27 D propanon

- Freagra: A B C D [1]

ceE [Tiontaigh an leathanach
~ 14555.06
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5 Don imoibril thios, is & an ratachothromaid na rata = k[A]2.

A+ 2B - C + D

Cé acu ceann de na raitis seo a leanas nach bhfuil fior?

A Tarata caolaithe B dha oiread rata caolaithe A

B Ta an t-imoibriu den dara hord maidir le A

C Ta an t-imoibriu den ord nialais maidir le B

D Isiad aonaid an ratathairisigh na mol2 dm® s

Freagra: A B C D [1]

6 Don imoibriu:

2HI(g) = Hy9) + Ix9)

K. =0.0625 ag 450K.

Ligeadh do 3 mhdl d'iaidid hidrigine i gcoimeadan dar toirt 10 dm3 cothromaiocht a
bhaint amach ag 450K. Cén ceann acu seo a leanas arb i an tiuchan d’iaidid
hidrigine i, ina mol dm=3, sa mheascan cothromaiochta?

A 0.05

B 0.2

C 0.25

D 2

Freagra: A B C D [1]
14555.06
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7 Cén ceann acu seo a leanas a thaispeanann an t-ainm I[UPAC ceart ar an eistear a
foirmiodh 6n imoibriu idir comhdhuil 1 agus comhdhuil 27

Comhdhuil 1 Comhdhuil 2 Ainm IUPAC an eistir
A | cldirid bhutanoile eatanol eatandait bhuitile
B | cloirid eatandile meatanol meatandait eitile
C |aigéad eatandch propan-1-ol prépandait eitile
D |aigéad propanoéch eatanol propandait eitile
Freagra: A B C D (1]

8 Ca mhead eistear ata ann leis an fhoirmle mhoilineach C,H;0,?

A 2
B 3
C 4
D 5
Freagra: A B C D [1]

9 Cén ceann acu seo a leanas nach dtéann i bhfeidhm ar luach an ratathairisigh?
A laghdu teochta
B méadu ar thiuchan imoibreain
C ardu teochta

D laghdu ar fhuinneamh gniomhachtuchain

Freagra: A B C D [1

[Tiontaigh an leathanach
14555.06
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10 Is i an chothromdid don imoibriu idir ocsaid nitrigine(ll) agus hidrigin na:

2NO(g) + 2H,(9)

- Nz(g) + ZHQO(Q)

Taispeanann an tabla thios roinnt sonrai rata don imoibriu sin.

Turgnamh [NO] /mol dm=3 | [H,]/moldm= | Rata/mol dm=3s-
1 0.02 0.05 4.00 x 106
2 0.05 0.05 2.50 x 10
3 0.04 0.08 2.56 x 10°°

Cén ceann acu seo a leanas arb i an ratachothromoid i don imoibriu sin?

A rata=kINOJ?
B rata=k[NOJ[H,]
C rata=KkNOJ[H,]

D rata = KINOJ[H,J2

Freagra:

14555.06
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Roinn B
Freagair gach ceann de na seacht gceist sa roinn seo. CE

Dianscaoileann déchrémait(VI) amaoiniam ar théamh séimh de réir na cothromaoide
thios.

(NH,),Cr,0,(s) — Cr,04(s) + Nyg) + 4H,0(9) AH = —295 kJ mol~" p

(a) Sainmhinigh na téarmai eantropacht (S) agus athru saorfhuinnimh (AG). Minigh
an fath a bhfuil dianscaoileadh déchrémaite(VI) amdiniam indéanta ag gach CE
teocht agus an fath a mbionn téamh ag teocht an tseomra de dhith ar an %)
imoibriu.

Sa cheist seo, measunoéfar thu ar chaighdean na scileanna cumarsaide 2/
scriofa agat, lena n-airitear usaid na saintéarmai eolaiocha. CE

[6]

A0 N0 A O R %
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(b) Le téamh nios laidre, foirmionn an déchrémait(VI) amaoiniam tairgi difriula mar a
thaispeantar leis an chothromaid thios.

(NH,),Cr,0,(s) — Cr,0O4(s) + H,0(g) + 2NH,(g) + 1%02(9)

Tugann an tabla thios roinnt sonrai eantalpachta agus eantropachta don
imoibriu thuas.

. Eantalpacht foirmithe Eantrépacht

Substaint IkJ mol-1 1J K- mol-1
(NH,),Cr,0(s) -1801 114
Cr,04(s) -1128 82
H,0(g) —242 189
NH,(9) —-46 193
O,(9) 0 205

(i) Tugadh le fios go n-imoibrionn an nitrigin agus an ghal uisce 6n imoibriu
tosaigh in (a) le chéile le hamadinia agus ocsaigin a fhoirmiu. Scriobh
cothromaoid don imoibriu idir nitrigin agus gal uisce le hamdinia agus
ocsaigin a fhoirmiu.

[2]

(ii) Riomh an teocht ag a mbionn an t-imoibriu in (b) indéanta.

Freagra K [4]
[Tiontaigh an leathanach
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12 (a) (i) Comhlanaigh an timthriall Born-Haber thios d'ocsaid séidiam, Na,O(s), tri
na boscai a lionadh.

A eantalpacht
laitise de Na,O

eantalpacht foirmithe
de Na,O

Na,O(s)

A 4

14555.06
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(ii) Usaid an fhaisnéis sa tabla thios leis an eantalpacht laitise d’ocsaid séidiam

a riomh.
Athra eantalpachta AH® /kJ mol~?
Eantalpacht foirmithe d’ocsaid soéidiam -416
Eantalpacht adamhuchain de shéidiam +108
An chéad fhuinneamh ianuchain de shoidiam +500
Eantalpacht adamhuchain d'ocsaigin +249
An chéad leictreonfhiniocht d'ocsaigin —-141
An dara leictreonfhiniocht d'ocsaigin +791
Freagra kJ mol~' [3]

[Tiontaigh an leathanach
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(b) Taispeanann an chothromdid ianach thios an t-imoibriu a tharlaionn nuair a
imoibrionn ocsaid séidiam le huisce.

0> + H,0 — 20H-

Sainaithin an t-aigéad Brgnsted—Lowry agus an bun Brgnsted—Lowry 6n
chothromdid ianach agus minigh do fhreagra.

aigéad Brgnsted—Lowry

bun Brgnsted—Lowry

Miniu

[3]
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13 Imoibrionn beinséin le broimin agus le cléirid eatandile. Bionn catalaioch de dhith ar
an da imoibriu.

(@) (i) Comhlanaigh an tabla thios.

Imoibriu beinséine Ainm an tairge organaigh Ainm an chatalaigh

le bréimin bréomaibeinséin

le cloirid eatandile

[3]

(ii) Scriobh cothromdid d’imoibrit na beinséine le bréimin le bromaibeinséin a
fhoirmiu.

[1]

(iii) Ainmnigh an mheicniocht trina n-imoibrionn beinséin le bréimin agus le
cléirid eatandile.

[1]

[Tiontaigh an leathanach
14555.06
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(b) Is féidir 2,4-dénitrifeinilhiodraisin a shintéisiu 6 bhrémaibeinséin mar a
thaispeantar thios. Is € an rud ata i gceist leis an mheicniocht do Chéim 1 na
imoibriu bromaibeinséine le hiain niotréiniam a foirmiodh i meascan niotraitithe.
Imoibrionn an tairge niotraitithe, a foirmiodh i gCéim 1, le hiodraisin i gCéim 2 le
2,4-dénitrifeinilhiodraisin a fhoirmiu.

(i)

il
Br Br NH
NO, NO,
Céim 1 Céim 2
— —
NO, NO,
bromaibeinséin 2,4-dénitrifeinilhiodraisin

| gCéim 1, ainmnigh an da imoibri sa mheascan niotraitithe.

[2]

(ii) Scriobh cothrom6id d’fhoirmiu an iain niotréiniam sa mheascan niotraitithe.

[2]

(iii) Scriobh cothroméid do Chéim 1.

14555.06
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(iv) Luaigh an fhoirmle do hiodraisin.

[1]
(c) Imoibrionn 2,4-dénitrifeinilhiodraisin le haildéid agus le céatain.
(i) Scriobh cothroméid d’'imoibriu 2,4-dénitrifeinilhiodraisin le propanal.
[2]
(ii) Ainmnigh an cineal imoibrithe a tharlaionn idir 2,4-dénitrifeinilhiodraisin
agus prépanal.
[1]

[Tiontaigh an leathanach
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14 (a) Tugann an tabla thios mionsonrai maidir le ceithre shubstaint dhifriula a
tuaslagadh in uisce di-ianaithe. Ta roinnt sonrai ar iarraidh.

Toirt an

2-clorapropandch

Substaint Foirmle Mais /g | tuaslagain PH an.
3 tuaslagain
lem
aigéad nitreach HNO, 0.49 125
eatandait séidiam CH,COONa 2.50 100 8.62
hiodrocsaid séidiam NaOH 1.76 13.74
aigéad CH,CHCICOOH |  2.19 500 2.11

(i) Riomh pH an tuaslagain d’aigéad nitreach. Tabhair do fhreagra go dti 2
ionad de dheachulacha.

Freagra

[3]

(ii) Minigh an fath a bhfuil an tuaslagan d’eatandait séidiam alcaileach.

14555.06
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(iii) Riomh toirt an tuaslagain do hiodrocsaid soidiam.
Kw = 1.00 x 10~'* mol? dmS.

Freagra

(iv) Riomh an pKa d’aigéad 2-clérapropanoch. Tabhair do fhreagra go dti

2 ionad de dheachulacha.

Freagra
[Tiontaigh an leathanach

cm3 [4]

[4]
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(b) Rinneadh sampla de 25.0cm3 de thuaslagan d’aigéad sulfarach a
thoirtmheascadh in éadan tuaslagan de hiodrocsaid soéidiam. Taispeantar an

cuar toirtmheasctha a fuarthas thios.

14

13

12

11

10

1 l/

0 5 10

toirt an tuaslagain de hiodrocsaid séidiam /cm?®

15

20

25

30

*36ACH1418*
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(i) Agus mionsonrai praiticiula a dtabhairt agat, cuir sios ar an doigh a

ndearnadh turgnamh leis na torthai pH a fhail a bhi de dhith leis an chuar

toirtmheasctha sin a tharraingt.

Sa cheist seo, measunoéfar thu ar chaighdean na scileanna cumarsaide

scriofa agat, lena n-airitear usaid na saintéarmai eolaiocha.

[6]

(ii) Cen toirt den tuaslagan de hiodrocsaid séidiam a bhi de dhith leis an aigéad

shulfarach a neodru?

Freagra

cm?3 [1]

[Tiontaigh an leathanach

*36ACH1419*




14555.06

(iii) Luaigh pH tosaigh an aigéid shulfaraigh.

Freagra [1]

(iv) Riomh tiichan an aigéid shulfaraigh ina mol dm=3. Tabhair do fhreagra ceart
go dti 3 fhigiur shuntasacha.

Freagra mol dm=3[2]

(v) Luaigh ainm tascaire fhéirsteanaigh don toirtmheascadh sin agus luaigh an
t-athru datha ag an chriochphointe.

Tascaire

o) go [2]

*36ACH1420*
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Bionn aigéad malonach le fail i dtorthai agus i nglasrai.

HO)J\/H\OH

aigéad maldnach

(a) Luaigh an t-ainm IUPAC ata ar aigéad maldnach.

(b) Is feidir aigéad maldnach a dhihiodraitiu le dé-ocsaid tricharbain, C,0, a
fhoirmiu.

(i) Scriobh cothroméid don dihiodraitiu sin.

(i) Luaigh foirmle struchturach do dhé-ocsaid tricharbdin.

[1] CE

[1] 5

[1]
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(c) Imoibrionn aigéad maldnach le peinteacldirid fosfair.

(i) Scriobh cothroméid d’'imoibriu aigéid mhaldnaigh le farasbarr de
pheinteacléirid fosfair.

[2]

(if) Luaigh ainm don tairge organach.

[1]

(d) Bionn an dé-eistear malénait dé-eitile le fail i gcaora finiuna agus i sutha talun.

(i) Scriobh cothroméid d’fhoirmiu maldnaite dé-eitile 6 aigéad maldnach.

[2]

(ii) Minigh an fath ar leacht i malénait dé-eitile ag teocht an tseomra, murab
ionann agus aigéad maldnach, rud ar solad é.

[2]

[Tiontaigh an leathanach
14555.06
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(e) Imoibrionn aigéad maldnach le farasbarr de theitrihidriodalumanait(lll) litiam le
dé-ol a fhoirmiu.

(i) Scriobh an fhoirmle do theitrihidriodalumanait(lll) litiam.

[1]

(ii) Ainmnigh an cineal imoibrithe a tharlaionn idir aigéad malénach agus
teitrinidriodalumanait(lll) litiam.

[1]

(iii) Scriobh cothroméid d’'imoibrit aigéid mhaldnaigh le teitrihidriodalumanait(lll)
litiam.

[2]

*36ACH1424*
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16 Foirmitear saillte 6 phropan-1,2,3-triol agus 6 aigéid shailleacha. Deirtear go bhfuil
aigéid shailleacha saithithe n6 neamhshaithithe. Taispeanann an tabla thios ceithre
aigéad shailleacha ata lipéadaithe A, B, C agus D.

Aigead | g chtar Ainm IUPAC
Sailleach
A CH,(CH,),,COOH aigéad ochtaideacanoch

aigéad ochtaideic-9-

B CH,(CH,),CH=CH(CH,),COCH éanéch

aigéead
C CH,CH,CH=CHCH,CH=CHCH,CH=CH(CH,),COOH ochtaideic-9,12,15-
tri-éandch

aigéad ochtaideic-9,12-
dé-éandch

D | CH4(CH,),CH=CHCH,CH=CH(CH,),COOH

(a) Cad é an gnathainm ata ar phrépan-1,2,3-tridl?

[1]

(b) Luaigh an fath a bhfuil “ochtaideic” in ainm IUPAC na n-aigéad sailleach uilig
(A, B, C agus D).

[1]

14555.06

*36ACH1426*

*)

Q)

90

(})

Q)



()

(B D () (1) (1) D)

OHUHOHUHOHUHOHUHOHGHOHOHOHGHO

)

)

Q)

)

&

(c) Tarraing struchtur an da mhailin saille a d’fhéadfadh foirmiu nuair a imoibrionn
aon mhoailin amhain de phropan-1,2,3-tridl le dha mhailin d’aigéad sailleach A
agus le haon mhaéilin amhain d’aigéad sailleach B.

Mailin saille 1:

Mailin saille 2:

[2]

(d) Rangaigh gach ceann de na haigéid shailleacha (A, B, C agus D) mar shaithithe
n6 mar neamhshaithithe.

Saithithe

Neamhshaithithe [1]

[Tiontaigh an leathanach
14555.06
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(e) Foirmitear mailin saille, a bhfuil an fhoirmle mhailineach C;,H,,0O, aige, 6
phrépan-1,2,3-triél agus 6 mhailini d’aigéad sailleach 6n tabla. Is féidir leis an
tsaill dul faoi imoibrithe hidriginiuchain agus faoi imoibrithe traseistearuchain.

(i) Ainmnigh an catalaioch a usaidtear i hidriginiu saillte.

[1]

(if) Scriobh cothromdid do hidriginit iomlan na saille Cy,Hg,Og.

[2]

(iii) Luaigh na mailini d’aigéad sailleach (A, B, C, D) a usaideadh leis an mhailin
saille a fhoirmiu.

[1]
(iv) Sainmhinigh traseistearu.

[2]
(v) Luaigh aon usaid amhain leis na tairgi 6 imoibriu traseistearuchain.

[1]
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17 Imoibrionn aildéid agus céatdin le ciainid hidrigine.

(@) (i) Comhlanaigh an mheicniocht thios d’'imoibria chomhdhuil A le ciainid
hidrigine tri luchtanna, diseanna aonair agus saigheada cuartha ata

abhartha a chur léi.

H.C H,C
\ \
HC—CH, HC—CH,
/N \
H.C C=0 —_— H,C CcC—0O H
/ /\
H.C H.C C=N
comhdhuil A C=N
H3C\
HC—CH,
/N
H,C C—OH
/\
H.C C=N
comhdhuil B
[3]
(ii) Ainmnigh an mheicniocht.
[1]
(iii) Luaigh an t-ainm IUPAC ata ar chomhdhuil A.
[1]
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(b) Ta lar neamhshiméadrach ag comhdhuil B a foirmiodh in (a)(i).

(i) Sainmhinigh an téarma lar neamhshiméadrach.

[1]
(ii) Usaid réiltin (*) leis an lar neamhshiméadrach a lipéadu ar struchtuar
chomhdhuil B thios.
HgC\
HC—CH,
/ N\
H,C C—OH
/\
H.C C=N
[1]
(iii) Minigh an fath nach Iéirionn an meascan a foirmiodh 6 imoibriu
chomhdhuil A le ciainid hidrigine gniomhaiocht optuil ar bith.
[1]

[Tiontaigh an leathanach

)

(1

JHOHUHOHGHN

1)
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(c) Tugann an scéim thios mionsonrai maidir le himoibrithe hidrealaithe

chomhdhuil B.
H3C\
L hidreald
H/C C\HZ aigéadchatalaithe . .
e C—OH comhdhuil N cloirid
3 N\ HCI(aq) organach C amaoiniam
H.C C=N
comhdhuil B
NaOH(aq) hidrealu

bunchatalaithe

comhdhdil N comhdhuil
organach D neamhorganach E

(i) Luaigh an t-ainm IUPAC ata ar chomhdhuil organach C.
[2]

(i) Ainmnigh comhdhuil neamhorganach E.

[1]

(iii) Ainmnigh an t-aildéad n6 an céatén a imoibrionn le ciainid hidrigine le
comhdhuil a fhoirmiu a théann faoi hidrealu aigéadach le haigéad lachtach,
CH,CH(OH)COOH, a fhoirmiu.

[1]
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General Information

1tonne=10°g
1 metre = 10°nm

One mole of any gas at 293K and a pressure of 1 atmosphere (10°Pa) occupies a volume of 24 dm?

Avogadro Constant = 6.02 x 10?* mol™
Planck Constant = 6.63 x 10734 Js

Specific Heat Capacity of water = 4.2 J g1 K™
Speed of Light =3 x 108 ms™

Characteristic absorptions in IR spectroscopy

Wavenumber/cm™ Bond
550-850 C-X (X = Cl, Br, 1)
750-1100 c-C
1000-1300 c-O
1450-1650 C=C
1600-1700 C=C
1650-1800 c=0
2200-2300 C=N
2500-3200 O-H
2750-2850 C-H
2850-3000 C-H
3200-3600 O-H
3300-3500 N-H

Compound

Haloalkanes

Alkanes, alkyl groups

Alcohols, esters, carboxylic acids
Arenes

Alkenes

Carboxylic acids, esters, aldehydes,
ketones, amides, acyl chlorides
Nitriles

Carboxylic acids

Aldehydes

Alkanes, alkyl groups, alkenes, arenes
Alcohols

Amines, amides

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy

(relative to TMS)

Chemical Shift Structure
0.5-2.0 —CH
0.5-5.5 —OH
1.0-3.0 —NH
2.0-3.0 —CO—-CH
—N-CH
C,H.—CH
2.0-4.0 X—CH
4.5-6.0 —C=CH
5.5-8.5 RCONH
6.0-8.0 —-CH,
9.0-10.0 —CHO
10.0-12.0 —COOH

Saturated alkanes
Alcohols

Amines

Ketones

Amines

Arene (aliphatic on ring)
X =Cl or Br (3.0-4.0)
X=1(2.0-3.0)
Alkenes

Amides

Arenes (on ring)
Aldehydes
Carboxylic acids

These chemical shifts are concentration and temperature dependent and may be outside

the ranges indicated above.
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THE PERIODIC TABLE OF ELEMENTS

vV V Vi

VI

0

Group
1 2 3 4 5 6 7/ 8 9 10 11 12 13 14 15 16 17 18
1 4
H He
Hydrogen Helium
7 9 11 12 14 16 19 20
Li | Be B|C|N|O|F |Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
3 4 5 6 9 10
23 24 27 28 31 32 35.5 40
Na | Mg Al | Si| P | S |Cl|Ar
Sodium | Magnesium Aluminium Silicon Phosphorus Sulfur Chlorine Argon
11 12 13 14 15 18
39 40 45 48 51 52 55 56 59 59 64 65 70 73 75 79 80 84
K|Ca|Sc|Ti |V |Cr Mn Fe |Co|Ni |Cu|Zn |Ga|Ge|As | Se | Br | Kr
1P09tassium Calcium Scandium | Titanium | Vanadium | Chromium gl%nganese Iron Cobalt Nickel Copper Zinc Gallium | Germanium| Arsenic Selenium 335romine Krypton
85 88 89 91 93 96 98 101 103 106 108 112 115 119 122 128 127 131
Rb|Sr| Y |Zr [Nb Mo|Tc | Ru|{Rh |Pd|Ag|Cd|In |Sn|Sb|Te | I | Xe
Rubidium | Strontium Yttrium Zirconium | Niobium |Molybdenum| Technetium | Ruthenium | Rhodium | Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
37 38 39 40 41 43 44 45 46 48 49 50 51 52 53 54
133 137 139 . 178 181 184 186 190 192 195 197 201 204 207 209 210 210 222
Cs/Ba|La|Hf Ta| W Re|Os|Ir | Pt |Au|Hg| Tl |Pb| Bi | Po | At |Rn
Caesium Barium Lanthanum | Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
55 56 57 72 73 74 75 76 77 78 79 81 82 83 84 85 86
223 226 227 _r261 262 266 264 277 268 271 272 285
Fr |[Ra|Ac’| Rf [ Db|Sg |Bh|Hs | Mt | Ds | Rg |Cn
Francium Radium Actinium [Rutherfordium| Dubnium |Seaborgium| Bohrium Hassium | Meitnerium |Darmstadtium|Roentgenium|Copernicium
87 88 89 104 105 106 107 108 109 110 111 112
140 141 144 145 150 152 157 159 162 165 167 169 173 175
+58-71 Lanthanumseries | C@ | Pr | Nd |[Pm|{Sm| Eu |Gd | Tb Dy |Ho | Er | Tm|Yb | Lu
-I- 90 - 103 Actinium series Cerium  |Praseodymium|Neodymium [Promethium| Samarium | Europium | Gadolinium | Terbium |Dysprosium| Holmium Erbium Thulium Ytterbium | Lutetium
_ _ 58 59 60 61 62 63 64 65 66 67 68 69 70 71
= 4= {aeé)ag;\éi)atomlc mass 232 [231  [238 237 [242 [243 [247 245 [251 [254 [253 [256  [254  [257
X | x = atomic symbol Th|{Pa| U |Np|Pu|/Am|Cm|Bk | Cf | Es [Fm|Md|No | Lr
b — atomic number 9il')horium Pgritactinium 9;ranium ggptunium 9P4I.utonium 9Aénericium 96Curium 9B7erkelium 9Cglifornium Sigsteinium 1E)e(r)mium 'l\ﬁ)n‘?elevium 1l\(l)ozbelium Iiea(\)/v:;encium
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