
1 . Z á k l a d n í  p o j m y  a  p o s t u p y  a n a l y t i c k é  c h e m i e ........................................................................................ 7

1.1. O d b ěr a p říp rav a  vzo rku  к  a n a lý z e ............................................................................................................................. 7
1.2. A naly tický  p o s tu p ..............................................................................................................................................................8
1.3. P řeváděn í tuhého  vzorku  do ro z to k u ......................................................................................................................... 9

1.3.1. R ozk lady  ano rgan ických  m a te riá lů ............................................................................................................... 9
1.3.2. R ozk lady  b io log ického  m a te r iá lu ................................................................................................................10
1.3.3. M ik rov lnné  ro z k la d y ........................................................................................................................................11

1.4. R eak ce  využívané v analy tické  c h e m ii................................................................................................................... 13
1.4.1. P ro to ly tické ro v n o v áh y ....................................................................................................................................13

1.4.1.1. V ýpočty  p H ......................................................................................................................................... 17
1.4.1.1.1. V ýpočet p H  roz toku  silné k y se l in y .......................................................................17
1.4.1.1.2. V ýpočet pH  roz toku  silné  z á sa d y ............................................................................ 18
1.4.1.1.3. V ýpočet pH  roz toku  s labé  jed n o sy tn é  kyse lin y .................................................. 18
1.4.1.1.4. V ýpočet pH  roz toku  s labé  jed n o sy tn é  z á s a d y .................................................... 19
1.4.1.1.5. V ýpočet pH  roz toků  hydro lyzovaných  s o l í ........................................................ 19

1.4.1.2 .T lum ivé ro z to k y .................................................................................................................................20
1.4 .1 .3 .V ícesytné kyseliny  a z á s a d y .......................................................................................................... 21
1.4.1.4. A m fo ly ty ...............................................................................................................................................22

1.4.2. S rážecí ro v n o v á h y ............................................................................................................................................ 22
1.4.3. K om plexotvorné ro v n o v á h y ......................................................................................................................... 24

1.4.3.1. P ro ton izace  lig a n d ů ......................................................................................................................... 25
1.4.4. R edoxní rovnováhy ...........................................................................................................................................2 6

1.4.4.1. R edoxn í p o te n c iá l............................................................................................................................. 27

2 .  H o d n o c e n í  v ý s l e d k ů  k v a n t i t a t i v n í  a n a l ý z y ,  c h y b y  c h e m i c k ý c h  r o z b o r ů ....................2 9

2.1. Ú v o d .................................................................................................................................................................................... 29
2.2. R ozdělen í c h y b ................................................................................................................................................................ 29
2.3. Z ák ladn í p o jm y ................................................................................................................................................................ 30
2.4. Shrnutí zák ladn ích  p o jm ů ............................................................................................................................................ 30
2.5. C hyba abso lu tn í a  re la tiv n í..........................................................................................................................................30
2.6. N áhodné ch y b y ................................................................................................................................................................ 32
2.7. Soustavné c h y b y ..............................................................................................................................................................34
2.8. H rubé  c h y b y ..................................................................................................................................................................... 35

3 .  V a l i d a c e  a n a l y t i c k ý c h  m e t o d ...............................................................................................................................3 7

3.1. S e lek tiv ita ...........................................................................................................................................................................37
3.2. P racovn í ro z s a h ............................................................................................................................................................... 37
3.3. L ineárn í dynam ický  r o z s a h .........................................................................................................................................37
3.4. C itlivost ............................................................................................................................................................................. 38
3 .5 . M ez  d e tek c e .......................................................................................................................................................................38
3 .6 . M ez  s tan ov ite lnosti.........................................................................................................................................................39
3 .7 . P řesnost ............................................................................................................................................................................. 39
3 .8 . P rec iznost ......................................................................................................................................................................... 39

4 .  A n o r g a n i c k á  k v a l i t a t i v n í  a n a l ý z a ................................................................................................................... 4 1

4 .1 . R eakce  skup inové, selek tivn í a  sp ec ific k é ............................................................................................................ 41
4 .2 . Skup inové reak ce ............................................................................................................................................................ 42

4 .2 .1 . R eakce HC1..........................................................................................................................................................4 2
4 .2 .2 . R eakce  H ,S 0 4.....................................................................................................................................................43

4 .2 .3 . R eakce  roztoku  šťavelanu  a m o n n é h o ....................................................................................................... 43
4 .2 .4 . R eakce su lfidu  am o n n é h o ..............................................................................................................................4 4
4 .2 .5 . R eakce su lfan u ....................................................................................................................................................45
4 .2 .6 . R eakce  a lka lických  h y d ro x id ů ..................................................................................................................... 45
4 .2 .7 . R eakce am o n iak u ...............................................................................................................................................46
4 .2 .8 . R eakce  uh lič itanu  so d n é h o ............................................................................................................................47
4 .2 .9 . R eakce a lkalických  fo sfo rečnanů ................................................................................................................ 47
4 .2 .1 0 . R eakce jo d id u  d ra se ln éh o ............................................................................................................................48

1



4.3 . A naly tické  p o stu p y  d ě len í k a tio n tů  a a n io n tů ...................................................................................................48
4 .3 .1 . D ělen í k a t io n tů .................................................................................................................................................. 48
4 .3 .2 . D ě len í an io n tů .....................................................................................................................................................4 9

5. Vážková an a lý za .........................................................................................................................51

5.1 . O becný  postup  vážkové an a lý z y ................................................................................................................................51
5 .1 .1 . S rá ž e n í................................................................................................................................................................... 51
5 .1 .2 . F iltra c e ................................................................................................................................................................... 51
5 .1 .3 . Ž íhán í č i sušen í sed lin ...................................................................................................................................... 52

5.2 . V ý počty  v e  vážk o v é  a n a lý z e ......................................................................................................................................53
5.3 . V ážková  an a lýza  v p ra x i...............................................................................................................................................53
5.4 . N ejb ěžn ě jší vy lučovac í fo rm y p rv k ů  č i fo rm y  к  v á ž e n í ................................................................................... 54

5 .4 .1 . H y d ro x id y  a  hyd ra tované  o x id y ...................................................................................................................54
5 .4 .2 . S íran y ......................................................................................................................................................................54
5 .4 .3 . H alo g en id y ............................................................................................................................................................54
5 .4 .4 . Š ťav e lan y .............................................................................................................................................................. 54
5 .4 .5 . O rgan ická  č in id la  ve vážkové a n a lý z e ...................................................................................................... 55

5.5 . T e rm ick á  an a lý z a .............................................................................................................................................................56
5 .5 .1 . T e rm o g rav im e trie ..............................................................................................................................................56

6. O d m ě rn á  a n a lý z a .......................................................................................................................57

6.1 . O dm ěrné  m eto d y  za ložené  n a  ac id o b az ick ý ch  re a k c íc h ...................................................................................57
6 .1 .1 . P růběh  titračn í k řivky  p ři ti trac i silné  kyseliny  s ilnou  zá sad o u ....................................................... 57
6 .1 .2 . P růběh  titračn í k řivky  p ři ti trac i slabé kyseliny  silnou  z á sa d o u ......................................................60
6 .1 .3 . P růběh  titračn í k řivky  p ři titrac i v ícesy tn é  kyseliny .............................................................................62
6 .1 .4 . N eu tra lizačn í (ac idobaz ické) in d ik á to ry .................................................................................................. 63
6 .1 .5 . P rak tické  p o už ití ac id im etrie  a  a lk a lim e tr ie ............................................................................................65

6 .1 .5 .1 . O dm ěrné  roz toky  a  s tandardn í lá tk y ......................................................................................... 65
6 .1 .5 .2 . P řík lady  něk terých  ac idobaz ických  titračn ích  s ta n o v e n í..................................................65

6.2 . O d m ěrn é  m eto d y  za ložené  n a  s rážec ích  re a k c íc h .............................................................................................. 66
6.3 . O d m ěrn é  m eto d y  za ložené  n a  k o m p lexo tvo rných  reak c ích ........................................................................... 68

6 .3 .1 . In d iká to ry  po u ž ív an é  p ři che la tom etrických  titra c ích .........................................................................69
6 .3 .2 . P rak tická  c h e la to m e tr ie .................................................................................................................................. 70

6.4 . O d m ěrn é  m eto d y  za ložené  n a  red o x n ích  re a k c íc h ............................................................................................. 70
6 .4 .1 . P erm angana tom etrie  (m a n g a n o m e trie ) ..................................................................................................... 71
6 .4 .2 . B ich ro m a to m e tr ie ..............................................................................................................................................72
6 .4 .3 . B ro m ato m etrie .................................................................................................................................................... 72
6 .4 .4 . Jo d o m e tr ie ............................................................................................................................................................73

7. P o tenc iom etrie .............................................................................................................................76

7.1. P rin c ip  po tenciom etrických  m e to d ...........................................................................................................................76
7.2. R eferen tn í e le k tro d y .......................................................................................................................................................76
7.3. M ěrn é  e lek trod y ................................................................................................................................................................77

7 .3 .1 . O x idačně-redukčn í e lek tro d y ........................................................................................................................ 77
7 .3 .2 . Ion tově  se lek tivn í e lek trody  ( IS E ) ..............................................................................................................78
7 .3 .3 . P lynové detek to ry  s IS E .................................................................................................................................. 81

7.4. V yužití po tenciom etrických  m e to d .......................................................................................................................... 82
7 .4 .1 . P řím á p o ten c io m e trie ....................................................................................................................................... 82
7 .4 .2 . P o tenc iom etrická  t i t r a c e .................................................................................................................................82

8. Polarografie .................................................................................................................................. 83

8.1. Z ák lad n í zap o je n í p o la ro g ra fu ................................................................................................................................... 83
8.2. R tu ťo v á  kapková e lek tro d a ..........................................................................................................................................84
8 .3 . P o la rog rafická  a n a lý z a .................................................................................................................................................84

8 .3 .1 . N ab íjec í (kapac itn í) p ro u d .............................................................................................................................86
8 .3 .2 . D ifózn í p ro u d ......................................................................................................................................................86
8 .3 .3 . P ů lv lnový  p o te n c iá l......................................................................................................................................... 86
8 .3 .4 . P o larografická  m ax im a ................................................................................................................................... 87

2



8 .3 .5 . V liv  kyslíku  n a  po la ro g ra fick ý  z á z n a m ................................................................................................ 87
8 .4 . M odern í po larog rafické  m e to d y ................................................................................................................................88

8 .4 .1 . Po larografie  " ta s t" .............................................................................................................................................88
8 .4 .2 . N orm áln í pu lzn í p o la ro g ra fie  (N P P ).......................................................................................................... 89
8.4.3. D iferenčn í pu lzn í p o la rog rafie  (D P P ) ....................................................................................................... 90
8.4.4. R ozpouštěcí v o lta m e tr ie .................................................................................................................................90

8 .5 . P rak tická p o la ro g ra f ie ...................................................................................................................................................91
8.5.1. K valita tivn í a kvan tita tivn í a n a lý z a ........................................................................................................... 91

8 .5 .1 .1 . M etoda  kalib račn í k řiv k y ............................................................................................................... 92
8 .5 .1 .2 . M etoda  s tandardn ího  p ř íd a v k u ....................................................................................................92

9 .  V o l t a m e t r i e ...........................................................................................................................................................................9 3

9 .1 . V o ltam etrické e le k tro d y ...............................................................................................................................................93
9 .1 .1 . V isící rtu ťové  e le k tro d y .................................................................................................................................. 93
9 .1 .2 . P líškové a  d rá tkové  e lek tro d y .......................................................................................................................93
9 .1 .3 . R otující d isková  e le k tro d a ............................................................................................................................. 94
9 .1 .4 . R otující d isková e lek tro d a  s p rs te n c e m ....................................................................................................94
9 .1 .5 . U hlíkové pastové  e le k tro d y ...........................................................................................................................94

9 .2 . V yužitelné p o ten c iá lo v é  rozsahy  p racovn ích  e le k t ro d .................................................................................... 94
9 .3 . A m perom etrie ................................................................................................................................................................... 95

9 .3 .1 . A m perom etrické  d e tek to ry  v  p ro u d u  k ap a lin y ....................................................................................... 95
9 .3 .2 . A m perom etrické m em bránové s e n z o ry ....................................................................................................95
9 .3 .3 . A m perom etrické t i t r a c e .................................................................................................................................. 95

1 0 . E l e k r o g r a v i m e t r i e  a  c o u l o m e t r i e .................................................................................................................9 7

10.1. E lek tro lýza ....................................................................................................................................................................... 97
10.1.1. R eakce  n a  e lek tro d ách  za  ko n stan tn ího  p ro u d u .................................................................................. 97
10.1.2. R eakce  n a  e lek tro d ách  za  ko n stan tn ího  p o te n c iá lu ............................................................................99

10.2. E lek trog rav im etrie ........................................................................................................................................................99
10.3. C o u lo m erie ......................................................................................................................................................................99

1 1 . K o n d u k t o m e t r i c k é  m e t o d y .............................................................................................................................1 0 1

11.1. M ěření vodivosti ro z to k ů ......................................................................................................................................... 102
11.2. P rak tická k o n d u k to m etr ie ........................................................................................................................................103

11.2.1. K onduk tom etrická  t i t r a c e ..........................................................................................................................104
11.2.2. V ysokofrekvenčn í k o n d u k to m etr ie ........................................................................................................ 105

11.2.2.1. V ysoko frekvenčn í ti tra c e ........................................................................................................ 105

1 2 . O p t i c k é  m e t o d y ...........................................................................................................................................................1 0 6

12.1. Z ák ladn í po jm y  a  v z tah y .......................................................................................................................................... 106
12.1.1. V lastnosti e lek trom agnetického  z á ře n í ................................................................................................ 106

12.2. A tom ová sp e k tro m e tr ie ............................................................................................................................................108
12.2.1. V znik  a tom ových  s p e k te r ..........................................................................................................................108
12.2.2. A tom ová em isn í spek tro skop ie  v  ob lasti op tických  s p e k te r ........................................................108

12.2.2.1. Součásti p řís tro jů  p ro  a to m o v o u  em isn í sp e k tro sk o p ii................................................. 108
12.2.2.2. M etody  a p řís tro je  a tom ové em isn í s p e k tro sk o p ie ......................................................... 113
12.2.2.3. H m otnostn í spek trom etrie  s  indukčně vázaným  p lasm atem  (IC P -M S )................... 117

12.2.3. A tom ová ab so rp čn í sp ek tro skop ie  (A A S ) .......................................................................................... 118
12.2.3.1. Z ák ladn í po jm y  abso rpčn í sp e k tro sk o p ie ...........................................................................118
12.2.3.2. P řís tro je  p ro  abso rpčn í sp e k tro sk o p ii.................................................................................. 118
12.2.3.3. P rin c ip y  a tom ové  absorpčn í sp ek tro m etrie ........................................................................ 119
12.2.3.4. P řís tro je  p ro  atom ovou  abso rpčn í spek tro skop ii a  je j ic h  s o u č á s ti............................119

12.3. M olekulová sp ek tro sk o p ie ...................................................................................................................................... 125
12.3.1. M o leku lová ab so rp čn í spek troskop ie  v  ob las ti u ltra fia lového  a  v id ite lného  zá řen í 125

12.3.1.1. S ouv is lo st m ezi charak terem  ab so rp čn íh o  spek tra  a  struk tu rou  m o lek u ly .............126
12.3.1.2. A naly tické  využití m etod  m o lek u lo v é  sp ek tro skop ie  v  ob lasti U V /V IS  126
12.3.1.3. M etody  a  p řís tro je  m oleku lové abso rpčn í sp ek tro sk o p ie  U V /V 1 S ...........................127
12.3.1.4. P ouž ití m o leku lové abso rpčn í sp ek trom etrie  v  ob lasti U V /V IS ............................... 128

3



12 .3 .2 . L um in iscenčn í an a lý za ................................................................................................................................128
12 .3 .3 . S pek tro skop ie  v  ob lasti in fračerveného  z á ř e n í .................................................................................129

12.3 .3 .1 . P rincipy  in fračervené  sp ek tro sk o p ie .....................................................................................129
12.3.3.2. Instrum entace in fračervené  sp ek tro sk o p ie ......................................................................... 130
12.3 .3 .3 . V yužití in fračervené sp e k tro sk o p ie ......................................................................................131

12.4. O p tick é  nespek tro skop ické  m e to d y ................................................................................................................. 131
12 .4 .1 . R e frak to m e trie ............................................................................................................................................... 131
12.4.2. P o la r im e tr ie .................................................................................................................................................... 134
12 .4 .3 . T u rb id im e trie  a n e fe lo m e tr ie ................................................................................................................... 136

13. H m otnostn í spek trom etr ie ..................................................................................................138

13.1. P r in c ip ............................................................................................................................................................................ 138
13.2. In s tru m e n ta c e .............................................................................................................................................................. 138

13.2.1. Io n tový  z d r o j ..................................................................................................................................................138
13.2.2. S eparace  ion tů  (d isp e rzn í p rv e k ) ............................................................................................................140
13.2.3. D e te k to ry ......................................................................................................................................................... 142

13.3. A n aly tick é  v y u ž ití.......................................................................................................................................................142

14. M etody prů tokové ana lýzy .................................................................................................143

14.1. K on tin u á ln í p rů toková analýza  (C F A )............................................................................................................... 143
14.2. P rů to k o v á  in jekčn í analýza  (F IA ) ........................................................................................................................ 144
14.3. S egm en tovaná  p rů toková an a lý z a  (S F A )...........................................................................................................145
14.4. S ekvenčn í in jekční an a lýza  (S IA ) ........................................................................................................................ 145

15. M etody laserové spek tro skop ie ........................................................................................ 146

15.1. Z ák lad n í v lastnosti lase rového  z á ře n í.................................................................................................................147
15.2. P řík lad y  běžn ě  využívaných  la se rů ......................................................................................................................147
15.3. N esp ek tro sk o p ick é  in terakce  lase rového  zářen í s h m o to u ......................................................................... 148

15.3.1. Č ástečné  o d pařen í so rbovaných  m o leku l b e z  tep e ln é  f ra g m e n ta c e ..........................................148
15.3.2. S ilné odpařován í dop ro v ázen é  chem ickou  ion izací v  p ly n u ....................................................... 148
15.3.3. S ilný  o h řev  pov rchu  v zo rk u , te rm ická  ion izace , v zn ik  p lazm a tu ...............................................149

15.4. L ase ro v á  sp e k tro sk o p ie ........................................................................................................................................... 149
15.4.1. L ineárn í sp ek tro skop ické  m e to d y .......................................................................................................... 149

15.4 .1 .1 . A bsorpčn í sp e k tro sk o p ie .......................................................................................................... 149
15.4 .1 .2 . A bsorpčn í sp ek tro skop ie  v  d u tin ě  rezo n á to ru ................................................................... 149
15.4 .1 .3 . L aserem  indukovaná  flu o rescen ce .........................................................................................150

15.4 .2 . N elineá rn í sp ek tro skop ické  m e to d y .......................................................................................................150
15.4 .2 .1 . D voufo tonová  sp ek tro sk o p ie ...................................................................................................150
15.4 .2 .2 . V ícefo tonové a  v ícekvan tové  p ro c e s y ...............................................................................151

15 .4 .3 . L idarová  d á lková  d e tekce  (L ID A R  - L igh t D etec tion  and R a n g in g )....................................... 151
15.4 .3 .1 . V yužití od razu  zářen í o d  in sta lovaného  o d ra ž e č e .......................................................... 152
15.4 .3 .2 . V yužití zp ě tn éh o  ro zp ty lu  n a  topog rafických  p ře k á ž k á c h ...........................................152
15.4 .3 .3 . V yužití zpětného  ro zp ty lu  n a  částic ích  aeroso lů  a  atm osferických  p ly n ů  152

16. Radioanalytické m e to d y ..................................................................................................... 154

16.1. P rin c ip  a  ro zd ě len í rad ioana ly tických  m e to d ................................................................................................ 154
16.2. C h arak te ris tik a  rad ioak tivn ího  zářen í a  je h o  m ě ř e n í ................................................................................... 155
16.3. P řeh led  rad ioanaly tických  m e to d ......................................................................................................................... 156

16 .3 .1 . M etody  za ložené  n a  p řiro zen é  rad io ak tiv itě  lá t e k ..........................................................................156
16 .3 .2 . E m anom etrické  m e to d y .............................................................................................................................156
16 .3 .3 . R ad iog rafické  m e to d y .................................................................................................................................157
16 .3 .4 . M eto d a  izo topového  z ře ď o v á n í............................................................................................................. 157
16 .3 .5 . M e to d a  substech iom etrického  izo topového  z řeď o v án í...............................................................  158
16 .3 .6 . R ad iom etrické  titra c e ..................................................................................................................................159
16 .3 .7 . A k tivačn í an a lýza  (N A A ) .........................................................................................................................159

16.3 .7 .1 . V arian ty  n eu tronové  ak tivačn í an a lý z y ............................................................................161
16.3 .7 .1 .1 . In strum en tá ln í n eu tronová  ak tivačn í an a lý za  (IN A A )............................... 161
16.3 .7 .1 .2 . N eu tro n o v á  ak tivačn í an a lýza  s rad iochem ickou  separací (R N A A )... 161

4



16.3.7.1.3. N eu tro n o v á  ak tivačn í analýza  s p re k o n c e n tra c í..................................... 162
16.3.7.2. A naly tické ap lik ace  N A A  a  zhodnocen í m e to d y ..........................................................162

16.3.8. M össbauerova sp ek tro sk o p ie ................................................................................................................ 162
16.3 .8 .1 . In fo rm ace obsažen é  v  M o ssbauerově  s p e k tru ................................................................ 162

16.3 .8 .1 .1 . Izo m em í p o s u n .......................................................................................................... 162
16.3 .8 .1 .2 . K v ad ru p ó lo v é  štěpen í..............................................................................................163
16.3 .8 .1 .3 . M agnetické  š těp en í...................................................................................................163

16.3.8.2. E xperim en tá ln í u sp o řád án í v  M ossbauerově sp e k tro sk o p ii.........................................163
16.3.8.3. A naly tické  ap lik ace  M ö ssbauerovy  sp e k tro sk o p ie ......................................................... 163

17. Dělicí metody........................................................................................................................... 165

17.1. P rincipy  dě lic ích  m e to d ........................................................................................................................................... 165
17.2. E x trakce  z  kapaliny  d o  k a p a lin y ........................................................................................................................... 167

17.2.1. E x trakce c h e lá tů ........................................................................................................................................... 167
17.2.2. E x trakce  ion tových  a s o c iá tů .....................................................................................................................171

17.2.2.1. E x trakce s o lv á tů ........................................................................................................................... 171
17.2.2.2. A m inová e x tra k c e .........................................................................................................................172
17.2.2.3. E x trakce za po m o c i "on iových" so lí....................................................................................172

17.3. M ěniče  io n tů .................................................................................................................................................................172
17.3.1. N o sn ý  sk e le t io n to m ěn iče ..........................................................................................................................173
17.3.2. M ěniče  kation tů  -  k a te x y .........................................................................................................................173
17.3.3. M ěniče  an ion tů  - an ex y ............................................................................................................................. 174
17.3.4. P rinc ip  vým ěny io n tů ...................................................................................................................................175
17.3.5. P ouž ití io n to m ěn ičů ..................................................................................................................................... 176

18. C h ro m a to g ra f ie ......................................................................................................................178

18.1. Z ák ladn í po jm y  a ro zd ě len í ch rom atog rafických  m e to d ..............................................................................178
18.2. P rinc ip  ch rom atografické  se p a ra c e ......................................................................................................................179

18.2.1. Z ák ladn í po jm y  a  d e f in ic e ........................................................................................................................ 181
18.2.2. T eo rie  ideáln í ch ro m ato g ra fie ..................................................................................................................182
18.2.3. R ozlišen í p ík ů .................................................................................................................................................183

18.3. P lynová ch ro m ato g ra fie ........................................................................................................................................... 184
18.3.1. K o lony  používané v  p lynové  ch ro m ato g ra fii..................................................................................... 185

18.3.1.1. N áp lňové  k o lo n y ........................................................................................................................185
18.3.1.2. K ap ilárn í k o lo n y ........................................................................................................................... 186

18.3.2. D etek to ry  v  p lynové  c h ro m a to g ra fii......................................................................................................186
18.3.2.1. T epe lně  vod ivostn í de tek to r -  k a ta ro m etr (T C D ) ........................................................  186
18.3.2.2. P lam enový  ion izačn í d e tek to r (F ID )...................................................................................  187
18.3.2.3. D etek to r e lek tro n o v éh o  záchy tu  (E C D )...............................................................................187

18.3.3. V yužití p lynové  ch rom atog rafie  v  p r a x i ..............................................................................................188
18.4. K ap a lin o v á  ch ro m a to g ra fie ....................................................................................................................................188

18.4.1. P řís tro je  p ro  kapa linovou  c h ro m a to g ra fii........................................................................................... 189
18.4.1.1. Č erpad la  p ro  H P L C ...................................................................................................................189
18.4.1.2. D ávkování v zo rk ů ....................................................................................................................... 190

18.4.2. K o lony  p ro  H P L C ......................................................................................................................................... 190
18.4.3. N áp lně  a  e lu e n ty .......................................................................................................................................... 190

18.4.3.1. K apalinová adso rpčn í ch rom atog rafie  (L S C ) ................................................................... 190
18.4.3.2. K ap a lin o v á  rozdě lovač i ch rom atog rafie  (L L C ) ................................................................191
18.4.3.3. C h rom atog rafie  n a  reverzn í f á z i ............................................................................................ 191

18.4.4. D e te k to ry ..........................................................................................................................................................191
18.4.5. V yužití vy sokoúčinné  k ap a lin o v é  ch rom atograg ie  v  p r a x i ...........................................................192
18.4.6. K valita tivn í ch rom atog rafická  a n a lý z a ................................................................................................ 192
18.4.7. K van tita tivn í a n a lý z a ...................................................................................................................................192

18.5. G e lo v á  perm eačn í ch rom atog rafie  (G P C ) ......................................................................................................  192
18.5.1. V yužití ge lové  p erm eačn í ch ro m a to g ra fie .....................................................................................  193

18.6. C h rom atog rafie  n a  m ěn ič ích  io n tů ....................................................................................................................... 194
18.7. Ion tová  ch ro m ato g ra fie .............................................................................................................................................194
18.8. K apa linová  ch rom atog rafie  v  p lošném  uspo řádán í - F B C ..........................................................................194

5



19. E lek trom ig račn í m e tody ..................................................................................................... 196

19 .1 . E le k tro fo ré z a ............................................................................................................................................................... 198
19.1 .1 . K ap ilá rn í zó n o v á  e lek tro fo réza ............................................................................................................... 198
19.1.2. S pec ifika  k ap ilá rn í zó n o v é  e le k tro fo ré z y ...........................................................................................199
19.1 .3 . S ep a race  m etodou  k ap ilá rn í zónové  e le k tro fo ré z y ........................................................................ 200
19.1 .4 . M ice lá rn í e lek trok ine tická  kap ilá rn í ch rom atog rafie  (M E C C )..................................................2 0 0
19.1.5. P řís tro je  p ro  kap ilá rn í zó novou  e le k tro fo ré z u ................................................................................. 200
19.1.6. K ap ilá rn í e lek tro fo réza  v  p r a x i ...............................................................................................................201

19.2. Iz o ta c h o fo ré z a ............................................................................................................................................................ 201

20. Chem ické senzory ..................................................................................................................205

2 0 .1 . S tru k tu ra  ch em ického  se n z o ru ..............................................................................................................................205
20 .2 . Z ák ladn í typy  sen zo rů ...............................................................................................................................................206

20 .2 .1 . E lek tro ch em ick é  se n z o ry .......................................................................................................................... 206
2 0 .2 .1 .1 . S enzory  o b sahu jíc í k apa lný  e le k tro ly t................................................................................ 206

2 0 .2 .1 .1 .1 . P o tenc iom etrické  e lek trochem ické  s e n z o ry ..................................................206
2 0 .2 .1 .1 .2 . P o tenc iom etrické  sen zo ry  p ly n ů ........................................................................ 206
2 0 .2 .1 .1 .3 . A m p ero m etrick é  e lek trochem ické  senzo ry  p ro  detekc i v  ro z to c ích ... 207
2 0 .2 .1 .1 .4 . M em bránové  am perom etrické  s e n z o ry ...........................................................208

2 0 .2 .1 .2 . E lek tro ch em ick é  senzo ry  s tuhým  elek tro ly tem .............................................................. 208
2 0 .2 .1 .2 .1 . S enzo r v y u ž ív a jíc í Z r 0 2 ja k o  tuhého  e le k tro ly tu ......................................209
2 0 .2 .1 .2 .2 . „S o lid -sta te“  senzo ry  s  ak tivn í v rs tv o u ............................................................209

20 .2 .2 . S enzo ry  s m ik roe lek tron ickou  s truk tu rou  (tranz isto ry  řízené  p o le m ) ..................................... 209
2 0 .2 .2 .1 . IS F E T  (io n to v ě  se lek tivn í tranz isto ry  řízené p o le m ).................................................... 209
2 0 .2 .2 .2 . C S F E T  (chem icky  c itliv é  tran z is to ry  řízené p o le m )......................................................210

2 0 .2 .3 . S enzo ry  v y u ž ív a jíc í zm ěn  e lek tro n o v é  v o d iv o s ti............................................................................ 210
2 0 .2 .3 .1 . M eta lo x id o v é  sen zo ry ................................................................................................................210
2 0 .2 .3 .2 . C h em irez is to ry ............................................................................................................................ 211

2 0 .2 .4 . S enzo ry  za lo žen é  n a  m ěřen í zm ěn  te p lo ty ......................................................................................... 211
2 0 .2 .4 .1 . T e rm is to ry .................................................................................................................................... 211
2 0 .2 .4 .2 . P e lis to ry ...........................................................................................................................................212
2 0 .2 .4 .3 . P y roe lek trické  s e n z o ry ............................................................................................................. 212

2 0 .2 .5 . S en zo ry  za ložené  n a  m ěřen í zm ěn  hm o tnosti (p iezoe lek trické  s e n z o ry ) ...............................213
2 0 .2 .6 . O p tick é  senzo ry  (o p tro d y ) ........................................................................................................................213

2 0 .2 .6 .1 . Z ák ladn í u sp o řád án í ex p erim en tu  při p rác i s op tickým i sen zo ry .......................... 213
2 0 .2 .6 .1 .1 . M ěřen í ab so rp ce  zářen í m ez i p řívodn ím  a odvodn ím  v lák n em  213
2 0 .2 .6 .1 .2 . M ěřen í ab so rp ce  p ři dvo jnásobném  p růch o d u  p a p rsk u ............................ 213
2 0 .2 .6 .1 .3 . F lu o rescen čn í d e tek c e  za  p o u ž ití světlovodu  .............................................. 213

6


