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/$>,U( 40$U$@ :$") 1"#$%)0.1") /.,'3,"4>2(0)0$/, 9)-.-) 0$%>.0., 0(%$/,: )9./.. ) 
3,"4>2(0$*:. 93',' !2$3)120) [)0.$2)0, 0 j$>.1'4F /3 6G6E7NQ7M7SY ' %/< 5M<76<566Y 
3<F 0 "2B3,: 2) 23,?*. 93',%-.)2)0,: )9./.. 0($32("4#)0$/)F U, /., :,12 0(-$H$/$ %,*(':$ 
!2$3)12( j$>.1".,H) %)2(*';*$ '$-"/.V*.$ W(#,H) 0(1(9.1"$ j=j! .̂/.$3(< 

!"#$%)0.1") 9)012$#) /$ -)*( %,*(':. >)"$>.'$*(:/,: ]3'V%4 ^):,0B%'".,H) 
0 j$>.1'4 ' 7SE\ 3< . ,"19>)$2)0$/, W(#) 0 >$2$*+ 7SEEQ7SN6< ^9.1$/, :,12 )/) %) 
3,:,1234 ,0.%,/*:. H34/2B0 9)% /3 ,0.%,/*(:/(-. GGGJ7� GGGJ5� GGEJ7 ) 9)0.,3'*+/. 
6<GMMY +$ _/.,4U(2".` . 6<MYSE +$ _H34/2( )3/,`< !9$%," 2,3,/4 1"#$%)0.1"$ 93',-
"3$*'$ 76z<
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,G!D!E@#DBI@BE!%@#PGKHPTK!%IEJ!SFAHIE!%FSC!SpA

X$ 2,3,/., 1"#$%)0.1"$ )%9$%B0 9)93)%4"*(:/(*+ _-$9$ 5F 3(1< 7` /$ %'.$#*, ) /3 
,0.%,/*(:/(- GGGJ7 0(W4%)0$/) 'W.)3/.". %) H3)-$%',/.$ )%*.,"B0 03$' ' -)%,3-
/.'$*:; .12/.,:;*,H) 3)04 -,>.)3$*(:/,H)< = 0(")/$/,: 0 7SSY 3< ,"19,32('( %)2(*';*,: 
)%%'.$#(0$/.$ 1"#$%)0.1"$ )%9$%B0 /$ 0)%( H34/2)0, 0(/."$F U, ')12$#) )/) '$#)U)/, 
0 0(3)W.1"4 9) ,"19>)$2$*:. U0.34< O'$1'$ 1"#$%)0.1"$ /., 9)1.$%$ U$%/,H) 41'*',>-
/.,/.$F 1"#$%$/) 0 /.- )%9$%( 93',-(1#)0, 9)93)%4"*(:/,F 2'0< W#)2) 9)&>23$*(:/, 
1"#$%$:;*, 1.V 93',%, 01'(12".- ' *+>)3"4 1)%4 . /.,3)'941'*'$>/(*+ '0.;'"B0 )3H$-
/.*'/(*+ ' %4U; '$0$32)?*.; 1)>. "4*+,//,:< ^ >$2$*+ 7SN6Q7SN5 /.,'3,"4>2(0)0$/, 
1"#$%)0.1") )%9$%B0 9)93)%4"*(:/(*+ 93'("3(2) 0$3120; H>,W( _H34/24` . )W1.$/) 
23$0;< j1'2$#2 1"#$%)0.1"$ .12/.,:;*,H) )%20$3'$ %$0/; Z)3-V 0'HB3'$F %'.V". *',-4 
/., :,12 )/) %(1)/$/1,- 0 "3$:)W3$'., 2,3,/4< 

=W.)3/.". 12$>)0, /$ )%*.,". _1'2< 5` 2'0< %04")-)3)0,C ) 9):,-/)?*. G6 -Y "$U%( 
_?3,%/.*$ Y766 --F %#4H)?@ \NG6 --`F 1"#$%$ 1.V ' 0#$'4 ")/23)>/,H) �\66 -- )3$' 
0#$'4 $0$3(:/,H) ) 0(-.$3$*+ 7566y7566 *-< [)/$%2) 0 -.,:1*4 )140.1"$ H34/24 
_>,:$` 0(")/$/) ?*.$/"V 2'0< 1'*',>/; ' H3)%'.* d=QM ) 0(1)")?*. Y<6 -F %#4H)?*. 76<6 
- . 9)0.,3'*+/. s~Y6<6 -2 )3$' 0(1)")?*. M<6F %#4H)?*. 7E<6 - . 9)0.,3'*+/. s~\N<6 
-2 0 3,:)/., 1$-)*'(//,H) 0(*.,"4 ' *'$1'( 1"#$%)0.1"$ 03$' ' 0(")/$/.,- %3,/$U4 
)%0$%/.$:;*,H)< [)-./.V2) 0(")/$/., %)%$2")0,: ?*.$/". 1'*',>/,: _/9< W,/2)/.2)0,:`F 
*) 1"42"4:, ./&>23$*:; )%*.,"B0 %) 0B% H34/2)0(*+ 0 /$12V9120., 9)12V94:;*,: 0 *'$1.,F 
14Z)':. H34/2B0 /$ 12("4 ' .12/.,:;*; ?*.$/"; d=QM<

^ )9$3*.4 ) 0(")/$/; %)"4-,/2$*:V H,)>)H.*'/; 0 '0.;'"4 ' 93):,"2,- '$./-
12$>)0$/.$ %0B*+ 9.,')-,23B0 0 3,:)/., 1"#$%)0.1"$ )%9$%B0 9)93)%4"*(:/(*+ 0 
L#)"./. j)?*.,>/,: 120.,3%')/) '$W4%)0$/, 0 )W3VW., 1"#$%)0.1"$C 124%/., _[5J1F H# 
G<MM -� !Q7FH#< Y<EM -� !Q5F H#< Y<NN� [GJ!F H#< G<GS -`F 9.,')-,23( _[Q7 F̂ H#< M<SM -� 
[QMF H#< Y<\5 -� [QEF H#< G<6 -� [QNF H#< G<6 -`<

= %4U(- 93$0%)9)%)W.,a120,- -)U/$ 93'(:;@F .U 1"#$%)0.1") /., 9)1.$%$ -,--
W3$/( 41'*',>/.$:;*,: *'$1'V 1"#$%)0.1"$ )3$' /., 0(")/$/) %3,/$U4 )%0$%/.$:;*,H)< 
^ /$12V9120., ")>-$2$*:. H34/24 %)1'#) 93$0%)9)%)W/., %) *'V?*.)0,H) 41'*',>/.,/.$ 
*'$1'( 1"#$%)0.1"$<

;#FYFDQF$F[H!

m,:)/ /.,'3,"4>2(0)0$/,H) 1"#$%)0.1"$ )%9$%B0F 0H 9)%'.$#4 &'(*'/)H,)H3$-
&*'/,H) f< j)/%3$*".,H)F >,U( 0 -,H$3,H.)/., [)'$$>9,:1".,: h43)9( 83)%")0,:F 0 
)W3VW., 93)0./*:. X.U4 83)%")0),43)9,:1".,H)F 0 9)%93)0./*:. X.'./ 83)%")0),43)-
9,:1".*+ )W,:-4:;*(*+ -$"3)3,H.)/ X.'./( [)#4%/.)0)0.,>")9)>1".,: ' -,')3,H.)/4 
^(1)*'('/( j$>.1".,:< K$%$/( 3,H.)/ 12$/)0. *'V?@ 9>,:12)*,a1".,: 0(1)*'('/( -)3,-
/)0,: '/.1'*')/,: >)"$>/., 93)*,1$-. %,/4%$*:. 9,3(H>$*:$>/,: 12$/)0.;*,: 0(1)*'('/V 
-)3,/)0; Z$>.12;F /$ "2B3,: 0(12V94:; -)3,/( *')#)0, 19.V23')/, '0.;'$/, ' )W1'$3$-. 
1.>/., '$W43')/(-. H>$*.2,"2)/.*'/.,< X$2)-.$12 *',?@ 2,3,/4 1"#$%)0.1"$ )% 123)/( 
9)#4%/.)0)Q'$*+)%/.,: 09.14:, 1.V 0 3B0/./( 0)%/)>)%)0*)0,F "2B3, 9)')12$#( /$ 
%,/4%)0$/,: 0(1)*'(A/., -)3,/)0,: )W1'$34 j$>.1'Q .̂/.$3(<
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^ 9)W>.U4 'W.)3/."B0 /$ )%*.,".F 0 -.,:1*4 '$W4%)0$/.$ 9.,')-,234 [Q7^ %) 
H#VW)")?*. 6<G6 - 0(12V94:, H>,W$ 1'$3$F $ /$12V9/.,C )% 6<G6QY<6 - .#( 9123,� )% H#< 
Y<6QG<6 - 9.$1," 1'$3( %3)W/) . ?3,%/.)'.$3/.12(� )% H#< G<6QE<6 - _-$y H#VW)")?@ )%-
0.,324` .# 9123( ' 0"#$%"$-. H>./( 1'$3,: .>$12,:<

-BSDF[#F$F[H!%H%Y#@#FDF$F[H!

IW1'$3 1"#$%)0.1"$ )%9$%B0 9)93)%4"*(:/(*+ '>)"$>.')0$/( :,12 /$ 2,3,/., 
'>,0/. *';12")0(*+ 3',"C [)"3'(0/.*( _4*+)%';*,: %) 3',". [3)1/( 0 [.0)/.*$*+` . 
!0V%3/. _09$%$:;*,: %) j$/$#4 K,3/$3%(a1".,H)` /$>,U;*(*+ %) '>,0/. 3',". [3)1/(< 
m',"$ [)"3'(0/.*$ 93',% 'W.)3/.".,- 3,2,/*(:/(- q[)"3'(0/.*$r _!'$#,` #;*'( 1.V ' 
93$0)W3',U/(- %)9#(0,- 3',". L3):$/B0". _-$9$ 5`<

[)% 0'H>V%,- 4U(2")0$/.$ 2,3,/4 '>,0/., *';12")0, -$:; *+$3$"2,3 2(9)0) 
3)>/.*'(F 93',0$U$:; 0 /.*+ 4U(2". 3)>/, '$>.*'$/, %) ">$1( W)/.2$*(:/,: lQlo$< ^ 
9)W>.U4 2,3,/4 1"#$%)0.1"$ )%9$%B0 0'%#4U 4>< {B%'".,: 93',W.,H$ W,'.-.,//( *.," 
0)%/( 09$%$:;*( %) 3',". !0V%3/.< X.,)9)%$> 1"#$%)0.1"$F 0 )%>,H#)?*. )"< E66- /$ 
9)#4%/.)0( '$*+B%F 93',W.,H$:; H3$/.*, 1234"243( +(%3)H,)>)H.*'/,:F 0(1)".,: )*+3)/( 
0 420)3$*+ *'0$32)3'V%)0(*+ WV%;*, -.,:1*,- >)"$>.'$*:. qd#B0/,H) =W.)3/."$ ̂ B% 
[)%'.,-/(*+ /3 Y77 D 'W.)3/.". 3',". [3)1/(r<

[3',%-.)2)0( 'W.)3/." ) *+$3$"2,3', )20$32(-F #$20(- %) '$/.,*'(1'*',/.$ )W,:-
-4:, *$#$ %)>./V 3',". [3)1/(< ]%)"4-,/2)0$/( )W1'$3 4:V*.$ -.,:1".,H) qg.1r _4:V*., 
*'0$32)3'V%)0,` 9)1.$%$ '$1)W( %(19)'(*(:/, ) 0(%$:/)?*. 0 .>)?*. )")#) 75Y666 -YJ% 
)3$' *+$3$"2,3('4:, 1.V -)%4#,- '$1)WB0 %(19)'(*(:/(*+ ) 0.,>")?*. 5<\\ >J1y"-2<

 !"#$!%]' =,12$0.,/., 9)-.$3B0 '0.,3*.$%#$ 0)%( _6G<6N<5676`F -$9$ M

>)#@8$C,E,H+'-
�DMC&@&GJ X'ME#,$()#@8)$

C,E,H+'"/&
.$#R(R.R

�H,/B'HB"%+B,ED,$H&E-$
�.�$P�RP�ROPQP

()#@8)$
C,E,H+'"/&$�.�

�8)E#B,$>O;� 1.67 6.05 137,60
 !"#$%&'()*+,(-('
+),./(&!(-&$&

 !"#$%&' 01 1.14 4.09 148.34
 !"#$%&'()*+,(-('
+),./(&!(-&$&

2%+3(4+!*'2015 1.41 5.12 140.95
6/()&/%3(-&$7'-'.(8/%9"'
38%(*$%)&',!&/(-+:('$&'
(#;%+)%

 !"#$%&' 0< 1.93 3.56 141.00  !"#$%&'$%+'+),./(&!(-&$&

2%+3(4+!*'20= 1.26 .3.70 145.00 ----

 !"#$%&'2>? 2.96 5.90 135.10  !"#$%&'$%+'+),./(&!(-&$&

 !"#$%&'(!"!()*+,$-.!/*-','!0$1$2!#")'"3(!4%)51-*&67!)/'.%&'$18$!/"1*!9%(-:"/.;!
3"<-$!+:/'.%1)'=!/!"1-'.+'.-'(!1"!(,8$1(!6*1%"')"6'#+>!<.!"1#8*/!/?1!#%).0'.9$!/!
,'.%(-,(!#"8(1-'"/"@)$&6"1-'3!1"!)0'"%-',$!%.:.-&*;-.9"!A",%)*/-'&$!4B)$8.7C!D$:"-
3'$+:!"1!+:(1-'!B@E!43$#$!F7!"1#8*/!/?1!#%).0'.9$!/!,'.%(-,(!)$&6"1-'3>!)9"1-'.!)!
,'.%(-,'.3!#%).#8*/(!0.)'3'.--.9"!&'.,(!/?1!#"/'.%)&6-'"/*&6!/)18(<!(GC!H?1),'.;!
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(%(&6$3'$;K&!#%"&.+*!/*#8(,'/$-'$!&6G"%,?/!+"1(!).!)1.#"-"/$-*&6!"1#$1?/!'!'&6!
#%).3'.+)&)$-'.!/%$)!)!/"1$3'!9%(-:"/*3'C
 !#"1)'$G.!,G'3$:*&)-*3!D')'-*! '.G,"#"G+,'.;!#"/'$:!,$G'+,'!-$G.<*!1"!L.9'"-(!

A"8(1-'"/"@/'.G,"#"G+,'.9"C!MG'3$:!%.9'"-(!,$G'+,'.9"!493'-*!N#$:?/.,7!&6$%$,:.-
%*)(;.!+'5!-'.1(<K!G'&)0K!1-'!)!"#$1$3'!$:3"+O.%*&)-*3'C! *%?<-'$!+'5!:(!+:"+(-,"/"!
G'&)-'.;!#";$/'$;K&.!+'5!1-'!)!#"9"1K!&'.#8K!4#%).&'5:-'.!PP!1-'7!'!+(&6K!"%$)!3$8K!G'&)05!
1-'!)!#"9"1K!#%)*3%"),"/KC!Q.+:!'&6!#%).&'5:-'.!/!%",(!IPC!B(0%.9'"-!,$G'+,'!#")"+:$-
;.!#"1!/#8*/.3!3$+!#"/'.:%)$!"&.$-'&)-.9"!'!,"-:*-.-:$G-.9"!/%$)!)!1"&'.%$-'.3!
:(:$;!:$,<.!-'./'.G,'&6!'G"R&'!3$+!#"/'.:%)$!)/%":-',"/.9"!'!$%,:*&)-.9"C!A%)./$<$!
+:"+(-,"/"!+'G-*!/'$:%!)!,'.%(-,(!)$&6"1-'.9"!'!%)$1)'.;!)!,'.%(-,(!#"8(1-'"/"@)$-
&6"1-'.9"C!S%.1-'$!:.3#.%$:(%$!#"/'.:%)$!/!G$:$&6!TJEJ@TJEE!"1#"/'.1-'"!/*-"+'8$!
1G$U!TJEJ!V!I>P!WX>!1G$!TJEE!V!YCZ!WXC!L"&)-$!+(3$!"#$1?/!/!G$:$&6!TJEJ@TJEE!"1#"-
/'.1-'"!/*-"+'8$!1G$U!TJEJ!%C!V!ZF[!33>!1G$!TJEE!%C!V!\YT!33C! !3'.+'K&(!3$;(!TJEJ!
%C!"1-":"/$-"!-$;/'5,+)K!/!"+:$:-'3!1)'.+'5&'"G.&'(!#"/?1]!#%)*!/*+:K#'.-'(!/!:*3!
&)$+'.!3'.+'5&)-.9"!"#$1(!/*-"+)K&.9"!EFZ>[!33!'!R%.1-'.;!:.3#.%$:(%).!#"/'.:%)$!
/*-"+)K&.;!ET>T!WX!^_`a !b.G.9$:(%$!M$G'+)cC! +)*+:,'.!%).,'!'!%"/*!%")#$:%*/$-
-.9"!"0+)$%(!4)G./-'7!)$+'G$-.!+K!/"1K!"#$1"/K!0.)#"R%.1-'"!)!"#$1?/!'!:"#-'.;K&.;!
#",%*/*!R-'.<-.;C!d"#-'.;K&*!R-'.9!'! '-:.-+*/-.!1.+)&).!/#8*/$;K!-$!,%?:,":%/$8.!
/*+",'.!+:$-*!/"1*!/!&'.,$&6C!S%.1-'!+#8*/!;.1-"+:,"/*!1G$!%).,'!A%"+-*!/!M$G'+)(!
/*-"+'!F>E!13\e+f,32!4R%.1-'$!.(%"#.;+,$!:"!Y>Z!13\e+f,327C

 !"#"$%&#'(%'$")($*"+,) !&-. /0&12)34+)
52+/.&-0' !

A'.)"3.:%!A@E !)G",$G')"/$-*! ;.+:!/!#"0G'<(! )0'"%-',$!(;3(;K&.9"!"1&'.,'! ).!
+,8$1"/'+,$>!3"-':"%(;.!"1&'.,'!/#%"/$1)$-.!#%).)!+,8$1"/'+,"!1"!/$%+:/*!/"1"-
-"R-.;>!/!"0%50'.!,:?%.;!O(-,&;"-"/$8$!/!#%).+)8"R&'!</'%"/-'$>!91)'.!)1.#"-"/$-"!
"1#$1*!#"#%"1(,&*;-.!#"&6"1)K&.!)!#%).3*+8(!+#"<*/&).9"C
 "1*!"#$1"/.!#%).-',$;K&! #%).)! )1.#"-"/$-.!"1#$1*!#"#%"1(,&*;-.! (G.9$;K!

)$-'.&)*+)&).-'(C!g$/'.%$;K!1(<.!'G"R&'!$)":(!4/!+)&).9?G-"R&'!$)":(!$3"-"/.9"!EIY!
39e13\7C!A"-$1:"!"1&'.,'!&6$%$,:.%*)(;K!+'5!0$%1)"!/*+",'3!)$+"G.-'.3!"%$)!/*+",'3!
X6gd!4",C!EJJ!39N

2
e13\7C!A"-$1-"%3$:*/-$!/$%:"R=!#%)./"1-"R&'!.G.,:%"G':*&)-.;!

/*-"+'8$!ETPT[!h+e&3!&"!#":/'.%1)$!-.9$:*/-*!/#8*/!+,8$1"/'+,$!-$!;$,"R=!/?1!
#"1)'.3-*&6C!A"-$1:"!+:/'.%1)"-"!/*+",'.!+:5<.-'.U!&6G"%,?/!4\YYY>EJ!39&Ge13\7>!
/"1"%"/59G$-?/!4TIYJCI[!39iXN\

-e13\7>!+"1(!4TJIT>JJ!39D$e13\7>!/$#-'$!4FZF>TY!
39X$e13\7>!#":$+(!4F\>\T!39Me13\7>!<.G$)$!4EP>FTJ!39j.e13\7!"%$)!3$-9$-(!4E>T[J!
39`-e13\7C! "1*!/!#'.)"3.:%).! &6$%$,:.%*)(;K! +'5! +8$0*3! +:$-.3!&6.3'&)-*3>!
"1#"/'$1$;K&*3!k!,G$+'.!&)*+:"R&'C!B:$-!:$,'!R/'$1&)*!"!:*3>!<.!+,8$1"/'+,"!-$1$G!
+:/$%)$!)$9%"<.-'.!1G$!;$,"R&'!/?1!#")'.3-*&6!'!.,"+*+:.3?/!GK1"/*&6C!Q.1-"&).+-'.!
)9"1-'.!)!%")#"%)K1).-'.3!`'-'+:%$!g1%"/'$!)!1-'$!TJ!,/'$:-'$!TJEJ!%C!4b)C!lC!D%!IT>!
#")C! FZZ7! #"-$1-"%3$:*/-$!"0.&-"R=! &6G"%,?/>! +"1(>! $3"-'$,(>! <.G$)$>!3$-9$-(!
"%$)!/$%:"R=!#%)./"1-"R&'!.G.,:%"G':*&)-.;!1*+,/$G'm,(;K!:.!/"1*!;$,"!#%)*1$:-.!1"!
&.G?/!+#"<*/&)*&6C
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B:(1-'$!ABeT!)G",$G')"/$-$!;.+:!-$!#"+.+;'!-%!TZ\!#%)*!(GC!H?1),'.;!/!M$G'+)(>!/!
"1G.98"R&'!",C!TFJ!3!-$!#"8(1-'.!"1!+,8$1"/'+,$C! "15!:5!)$G'&)$3*!1"!_k!,G$+*!;$,"R&'!
"1#"/'$1$;K&.;!+8$0.3(!+:$-"/'!&6.3'&)-.3(!/?1!).!/)9G51(!-$!/*+",K!)$/$%:"R=!
&6G"%,?/!4\[[>ZZ!39XGe13\7!'!O"+O"%$-?/!4E>EF!39ANFe13

\7C!A"&)K/+)*!"1!EYYP!%",(!
#"-'<.;!/*+*#'+,$>!/!#"1)'.3-*&6! )0'"%-',$&6! +:$G"/*&6>! 9%"3$1)"-.! +K! "1&'.,'>!
,:?%.!-$+:5#-'.!/*/"<"-.!+K!1"!"&)*+)&)$G-'!R&'.,?/C

26789:8);9)<:=>6?@8<:>)?6A>6B@)A?AC?6D:7EFGE7H

N0G'&).-'.! 'G"R&'!"1&'.,?/!+,8$1"/'+,"/*&6!#"&6"1)K&*&6!)!"#$1?/!$:3"+O.-
%*&)-*&6!/9!0'G$-+(U

I)J)0)K)IA)^3\c

91)'.U!!n!!V!! 'G"R=!"1&'.,?/!^3\c
! !D!V!! /'.G,"R=!"#$1(!%"&)-.9"!#%).G'&)"-$!-$!E!32!#"/'.%)&6-'!+,8$1"/'+,$!!!

!! "1#$1?/!
! !n#!V!+)$&(-,"/$!'G"R=!+:%$:!/"1*!"#$1"/.;!-$!#$%"/$-'.!)!#"/'.%)&6-'!
! !! +,8$1"/'+,$C

%>L9M>)NO))B,8$1!m)*,"&6.3'&)-*!/?1!/!A@E >!ATeB! 43$#$!F7! #"0%$-*&6!1-C! ETCJFCTJET! %C!
4o$0"%$:"%'(3!ALNp_`q! %"&8$/7

Nazwa pierwiastka @+#$(,!)&
2(8*&$+'.*A8)%

2015 P2/S

pH --- 6.86 7.81

2B5 C,?;4 12825 1474

5(#(*(-D:/&$7'EFGH-
3
I 4:?#43 2790.75 201.3

GJ6KL$ 4:H?#43 98.2 5.9

5&.M 4:?#43 464.29 93.92

L&:$+3 4:?#43 129.90 10.44

GJ/(*)% 4:?#43 3999.10 355.66

N4($%&)'O&)('PF
4
+ 4:?#43 179 <0.25

N4($%&)'O&)('PH
3

- 4:?#43 <0.88 2.66

N3(!7$7'O&)('PH
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