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HemHoro ncropumu
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HemHoro ncropumu

Tpunapgbl [ebepeitHepa
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7 23 | 40
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31 | 75 [ 122
S Se | Te
32 | 79 (127
Cl Br |
2?7 1127

Ar(Sr) = (40+137)/2 = 88.5
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V HemHoro ncropum ‘

Tpuapabl, TeTpaabl U NeHTaAbl

1843
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F ClI Br 1 Li Na K
S Se Te Mg Ca Sr Ba
P As Sb Be Ce La
C B Bi Zr Th Al
Ti Ta W Sn Cd Zn

Mo V Cr U Mn Ni Fe
Bi Pb Ag Hg Cu
Os Ir Rh Pt Pd Au

PacnonoxeHue no rpynnam n r
B MOPAAKE BO3pacTaHusA eono/sibAa | MeNnuH

COEAMHUTE/IbHbIX MaCCy (02.08.1788-13.04.1853)

Hemeukun xsumunk




HemHoro ncropum

«3emHasn cnupanb» (vis tellurique) nam «umnmnuap berymne»
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HemHoro ncropum

«3aKOH OKTaB» nnam Tabauua HotoneHaca

kL k.

1864 1866 |H[Li]ee[B|c|N|o]F [Najmg|ai|si[P]s]ci
No.| No.| No. No. No.|  No. No.g No.
H1F 8/l 15/Co & Nizz/Br 20)Pd 361 42'Pt & Ir 50
LizNa 9/K 16/Cu 23/Rb 30[A 37(Cs 44 08 5X
G 3 Mg 10/Ca 17|Zn 24/Sr 311C 38|Ba & V 45 Hg 52
B04 Al 11/Cr 19|Y |Ce&.La 331U 40 Ta 46 Tl 53
C 581 12/Ti 18/In 20) \Zr 32/8n  30lW 47 Pb 54
N 6;[’ 13/Mn 20/As 27 Di& Mo 14|8L 41:Nb 43 Bi 53
0O 718 14/Fe 21{Se 28/Ro & RuisiTe  43/Au 49 Th 56

Pa3zHocmb 8 HOMepax HaumMeHbWe2o YaeHa 2pynnbl u
cnedyrouie20 3a HUM pasHa cemu; UHa4e 2080pH,
80CbMoOU 3/1eMeHM, HaYUHAA ¢ OAHHO20 371eMeHma,
A8149emcsa ceoe20 pood NosmopeHuem nepsoezo,
no0obHO 80CbMOU HOMe OKMABbl 8 My3bIKe...

B 1887 roay JIoHAOHCKOE KOpONeBCKoe

obuiecTtBo npucyanno HoetoneHacy ogHy ms
CaMbIX MOYETHbIX HArpas Toro BpemeHu —
Mmeganb [J9BU: «3a OTKPbITUE NEPUOANYECKOTO
k 3aKOHA XMMUYECKNX INEMEHTOB»

OxoH AneKcaHap PeitHa HoloneHac
(26.X1.1837—29.VI1.1898)
AHIUUCKUINA XUMUK




HemHoro ncropum

Tabnunuya OpgnuHra

1864

Tpunnemuere apynnel
H1 Mo 96 w184
Au 196.5
Pd 106.5 Pt 197

Li7 Na 23 . Ag 108
G9 Mg 24 In 65 Cd112 Hg 200
B 11 Al 27.5 - T1 203
C12 Si 28 2 Sn 118 Pb 207
N 14 P31 As 75 Sb 122 Bi 210
016 S 32 Se 79.5 Te 129
F19 C135 Br 80 1127

K 39 Rb 85 Cs133

Ca 40 Sr 87.5 Ba 137

Ti 40 Zr 89.5 - Th 231

Cr525 V 138 Yunbam OAI'IMH

Mn 55 w gp.

(Fe,Ni,Co,Cu)

HN3MeHeHH e aTOMHBIX MacCC



HemHoro ncropum
Tabnnua Mamnepa

1864
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N3MeHeHHe aTOMHBLIX MACC M CXO0JICTBO XMM. CBOHCTB


https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%82%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%80%D0%B8%D0%BB%D0%BB%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A4%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%82%D1%80%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D1%8C%D1%86%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9C%D1%8B%D1%88%D1%8C%D1%8F%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BB%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%91%D1%80%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%A0%D1%83%D0%B1%D0%B8%D0%B4%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%BE%D0%BD%D1%86%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9E%D0%BB%D0%BE%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D1%80%D1%8C%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D0%BB%D1%83%D1%80
https://ru.wikipedia.org/wiki/%D0%99%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%B7%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D1%80%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B8%D0%BD%D0%B5%D1%86
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%81%D0%BC%D1%83%D1%82
https://ru.wikipedia.org/wiki/%D0%A2%D0%B0%D0%BB%D0%BB%D0%B8%D0%B9

HemHoro ncropum
Tabnnua Mamnepa
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HemeuKunia xur

N3MeHeHHe aTOMHBLIX MACC M CXO0JICTBO XMM. CBOHCTB



HemHoro ucropumu

Nepnogunyeckuun 3akoH u nepmnogunyveckas cucrema (MNC)

XUMUYECKUX 3NIeMEeHTOB
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JAmurpuun UBanosuu Menaesneen

(27 suBaps (8 deBpaas) 1834, Tobonbck - 20 saBaps (2 deppanst) 1907, Cankr-IletepOypr) -
PYCCKHI YUEHBIM M OOIIECTBEHHBIN JICSATECIIb.

Xumux, puzukoxumux, puzuk, memponoe, IKOHOMUCH, MEXHOL02, 20102, MeMmeopoJloe,

neoazoe, 6030YXoNiasamevb, nNpubOpPOCmMpoumenv, IHYUKIONEOUCH.




HemHoro ncropum

Nepnogunyeckuun 3akoH u nepmnogunyveckas cucrema (MNC)
XUMMNYECKUX INIeMEHTOB
0. N. MeHpeneeBa.

Ceolicmea anemeHmMo8, a NOTOMY U CBOMCTBA 0OpasyemMbiX MMM
NPOCTbIX M CNOXKHbIX T/, CMOAM 8 repuoduyecKkol 3a8ucumocmu om
UX amoMHO020 8eca

a8 | Groppo L | Gruppo 1L | Gruppe IIT. | Gruppe 1V. | Groppe V. | Groppo YL | Gruppe VIL Gruppo VIIL
E -~ = — RE* RH? RE* RH =,
R'0 ): U] R RO* R0 Ro® R0 Ro¢
1 =1
2 |Li=7 Do=%4 B=11 C=12 N=14 Q=16 =19
8 L Na=28]  Mg=24| Al=273 Bi=20 P=381 8=32 COl=35,
4 |[K=39 Ca==40 — =44 =48 V=51 (Cre= 562 Mne=60 o=00, Co=09,
Ni=[0, Cu=09.
5 (Cu=63) anﬁﬁf —=08 —_—=T2 ‘.I=7.')4 Bo=73 Hr=280
6 |Mb=85 =87 PYe=88  |Zr=00 Nh= 94 Mo=098 —=100 u=104, Rh=104,
Pd=106, Ag=108.
7 (Ag==108)] Cd=112 In=113] Sa==118 Bb=122] To=125 J=127|
& [Co=123 =137 [Di=188 [(Ce=140 | — — - —_ - - =
® =) - - - - - -
10 | — = 1Er=178 [?La=180 =182 |W=18¢ |=— 0s=195, Ir=197,
Pi=198, Au==192,
11 {An=219%; Hg=200 Tl= 204 Ph=207 Bi=1208 p— -
12 | — - - =231 |- U=240 - == = =

1871

IlepBolii 01aropoanslii ras (Ar) - 1894

TPYINNODB 3NJEMEHTOB
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HemHoro ncropum

Nepnoaunyeckuun 3akoH u nepunogunyeckasi cucrtema (NC)
XUMMNYECKUX INIEMEHTOB
0. N. MeHpeneeBa.

«3KAaNNlOMUHUIN», K3KAbOop», «IKACUNULUINY

Ga Sc Ge
[Monb JleKoK ge Nlapc H1UNbCoH, KnemeHc
byaboapaH, 1875 1879 BuHknep, 1886
S T I
ATOMHaA macca 69,72
MnotHocTtb (r/cm3) 6,0 5,904
Temnepatypa HU3KaA 29,78

nnasneHus (°C)

Ea,O; (nnotHocTb  Ga,0; (MnoTHOCTL

55rcm3, 5,88 rcm3,
dopmyna okcmaa PacTBOPAETCA U B PacTBOPAETCA U B

KMUCNOTax, U B KMUCNOTax, U B

OCHOBaAHMUAX) OCHOBaAHMUAX)

dopmyna xnopuga  Ea,Cl; (netyunin) Ga,Cl, (netyunn)




HemHoro ncropumu

Koponesckoe obwecrso, JIOHA0H
Mepanb lremoppu [asum

1882

«3a omKpbimue nepuoouYecKux Amntpun UBaHoBUY

coomHouweHuli amomMHbIX 8ecos»

MeHpenees

1880 «K nctopum neprnoanyeckomn aToMmMCTUKNY

1880 «K ncropun nepmogmyeckoro 3akoHa»

«e. Matliep paHbwe MeHA He umes 8 sudy nepuooduYecKo2o 3aKOHA, d Nocsae MeHA HuU4Yyeao
8020 K Hemy He rpubasus»



HemHoro ncropum

Nepnoaunyeckuun 3akoH u nepunogunyeckasi cucrtema (NC)
XUMMNYECKUX INIEMEHTOB
0. N. MeHpeneeBa.

JI. 1. MeHnaeneeB Ha NOPOTSHKEHMM MHOTMX JeT Ooposics 3a
npu3zHanue Ilepuoguyeckoro 3akoHa, €ro HJAEH IOIYyYWIIH
IPU3HAHUE TOJBKO ITOCJIE TOr0, KaK OBLINM OTKPHITHI HNPEACKA3aHHEIC
MeneneeBbIM AJIEMEHTBI. AKAaIIOMUHHUN, 3KA00p M SKACHUJIMIINH,
coorBercTBeHHO rammmii (Ilomp Jlekox pge byaGompan, 1875),
ckagguii (Jlapc Hunbcon, 1879) u repmannii (Knemenc Bunkiep,
1886). C cepenunanl 1880-x romo Ilepmoamueckuid 3aK0H OBLI
OKOHYATEIIFHO MPU3HAH B KAUECTBE OJHOM U3 TCOPSTHUYCCKUX OCHOB
XAMMUH.




HemHoro ncropumu

[aBHOCTb OTKpbITUA — He bonee 30 net, HO!!!

1905 — MeHOenees vs batiep

Omutpun UsaHoBMY
MeHgenees 1906 — MeHOenees

(27.1.1834- 20.1.1907) Hobenesckuili komumem - 3a
Llleedckasa KOpoHa - npomus

1907 — MeHOenees vs KaHHMULUapoO




(2005 rop)

UAJIbHAA NC 3J/IEMEHTOB U

IUPAC Periodic Table of the Elements

2 Mg 13 14
3 4 @ Do i -] ]
Li Be Symbol B C
[ Bardum [rr— (S o brn
B 3 02 ARG Waraar aree vkl 10 B HETS 1 SO OTE)
1 12 13 14
Ma M Al Si
silhm T (il L Alsrrinim sl ki
P [ - 3 4 5 & 7 & ] 10 " 12 P —
19 ] 3| =2 23 24 25 2 ol ] ] El El Er
K Ca Sc Ti 1) Cr M Fe Co Mi Cu Zn Ga Ge
it s m dum ' Lz 5 fnca " Iren il fikchal ey dine galium g m e s um Lraniim ki
80 DERC Ty AT BTV ENRES ) £ Sl £ 5 IR 53 S ST [N B TN Ta T A5G B3 T S5 TESH ) 0L TS
a7 "] ECl 40 41 42 43 44 45 45 47 48 45 50 =1 7] 53 54
Rb Sr Y Zr Mb Mo Te Ru Rh Pd Ag Cd In aSn Shb Te 1 Xe
Fulskium alaniim M an S ik Trdt Tursa T faed N e admium Indam tin antinns iy tdarham el marean
B ABTRC ) LS BT 1 SR 3 S0 ) A [E 10 DT 11003 9065 BN ) 1004371 10T BEEGG) HE & () He BB HiL TINT) 121 T 1ETE00Y 1 390 Sk T 120 5200
1] -] LT T2 T3 T4 75 7E T T8 ™ &0 & &= =] a4 a4 1]
Cs Ba |wwhwas | HF Ta W Re Os Ir Pt Au Hg TI Pb BEi Po At Rn
il T Emarhsim Tl [ 5 Flmariim il L Hdum phatiiim ikl LT [i551 Tro ([T Hsarruihi paaiiim asdalinin Fode
20 50 5 15 12T 1TRAND i ST LT TR N 100 20T ) 1 50 206 182 AT L For il S NEOEE TN ST ST ST [ B [
104 105 106 107 108 108 0] 1"
Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg
[ [ [ Fis4] ETT] [ ETi) BT
] w3 =] &1 ] ] -] [=H] i 1 =] [=E] T ral
Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
cufum  |fprasodymium | eodymion | promethiom | semaim winphim | gadeinium Lty m o szl Lm [T wtium Ul ipatdum hutim
a0 Hida 1) A4 ST [IE5 A% Sl AST N Bl S5 T A SN ) L3 T B Al A TRDN) ATHENT
a0 1 a2 o 2 -] ] &7 =] -] 100 1
Th Pa U Np | Pu | Am | Cm | Bk cf Es | Fm | Md
pretadinlum urardum AapLrum dutenium | ameicum arium barkadium | cailmiom farrum | marsdaled um
SO B | MO 20 BTl e B 1247} [24T) Bl Bl [3=T) 10




Periodic Spiral
of Elements




[lena gHeW HblHEeLHUX

MexxayHapogHbIn rog,
Mepuoguyeckomn Tabnuupbl
XUMUYECKUX 31IeMEHTOB

2019 roa nposo3rnalwleH l[eHepanbHoM accambneen OOH
MexayHapogHbim rogom MNepunoamyeckon Tabanubl XMMMUYECKNX
3/1EMEHTOB. 3TO MacwTabHoe cobbiTne nocsaweHo 150-netuto
OTKpbITUA [epnognyeckoro 3aKoHa XMMMUYECKNX SNEMEHTOB
BE/IMKUM PYCCKMM yyeHbim [.1. MeHaeneesbiM.




Xvmua anemeHTos

U3n0XKeHne Xumum 3s1IeMeHTOB U UX COEAMHEHMﬁ BK/Z1IOYaeT:
06LYyI0 XapaKTepUCTUKY rpynnbl

NPUPOAHbIE UCTOUYHUKU 3/IEMEHTOB U CNOCO6bI X NepepaboTKu

MeToAbl NONYYEHUA BaXKHEMLINX coeguHEeHNn snemeHToB (nabopatopHblie
U NPOMBbILLJIEHHbIE)

CTPOEHMEe OCHOBHbIX TUNOB coeANMHEHUUN U UX PU3.-xum. CBOMUCTBA
XUMMUUYECKUE CBOMCTBA NPOCTbIX BELLECTB U COEAUHEHUNIA 3IEMEHTOB:

v KucnotHo-ocHoBHble (K—0) cBoicTsa

v OKUCAUTeNbHO-BOCCTaHOBUTENbHbIE (O—B) cBolicTBa

v cnocobHOCTb K KOMNAEKCO06pa3oBaHUIO

AOMNOJIHUTENbHbIE cBeAeHUA (buonornueckan poab, NPUMEHEHUE U Ap.)




Xvmua anemeHTos

XapaKTepuUCTUKa anniemeHTa

CteneHu oKUcneHus

+7 +6 +5 ¥4 +3 +2 +1 0 -1-2-3-4

OKncAnTenbHO-BOCCTaHOBUTE/IbHbIE CBOMCTBA

O e semowen

CtabunbHana CT. OKUCAH

KncnotHo-oCHOBHblIEe CBOMUCTBA

R I —

AmdoTepHbIii okenpa/rmapoKkcua,

KomnnekcoobpasoBaHue




U

Uccneayn
UcLensam




DNI0XKEeHUe B nepuoanyeckom Tabam

. HA NMEPBOM MECTE
1 NOJNIXKEH CTOATb

1
H

Hydrogen

BOAOPOA, A HE

He

Helium

XEHA U AETH A

3 4 5 6 7 8 10
Li Be PR RO S SRR B C N (0] F Ne
Lithaum Berylhum Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012182 10.811 12.0107 | 14.00674 | 15.9994 [18.9984032{ 20.1797
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl Ar
Sodium Magnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon
22.989770| 24.3050 26981538 | 28.0855 |30.973761| 32.066 35.4527 39.948

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \Y ‘Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

Potassium Calcium Scandium Titanium fron Cobalt Nickel Copper Zine Gallium Germanium Arsenic Selenium Bromine Krypton

Vasad Manga
39.0983 40.078 144.955910| 47.867 50.9415 | 51.9961 |54.938049| 55.845 |58.933200] 58.6934 63.546 65.39 69.723 72.61 74.92160 78.96 79.904 83.80

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn Sb Te | Xe

Rubidium Strontium Yitrium Ziscomum Niobium Molybdenum | Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Teliunum lodine Xenon

85.4678 87.62 88.90585 | 91.224 | 92.90638 | 38.696 (98) 101.07 _]102.90550] 106.42 107.8682 | 112411 114.818 118.710 121.760 127.60 1126.90447] 131.29

55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba | La Hf | Ta W Re | Os Ir Pt | Au | Hg | TI Pb Bi Po At | Rn

Cesium Banum Lanthanum Hafmum Tantalum Tungsten Rhensum Osmium Indum Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon

132.90545] 137.327 | 138.9055 178.49 180.9479 183.84 186.207 190.23 192,217 195.078 | 196.96655] 200.59 | 204.3833 207.2 208.98038] (209) (210) (222)

87 | 88 | 89 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 =
Fr [ Ra | Ac | Rf | Db [ Sg | Bh | Hs | Mt

Francium Radium Actinium  JRutherfordsum | Dub Hassium Meitnenum

52.147 (227) (261) (262) (263) (262) (265) (266) (269) (272) (277)




= MonoxxeHune B nepnogunyecKkoum tabauue

Mouemy u B 1-o1, u B 17-ou rpynnax MNC?

H:1s! |71

e 1 rpynna:

OAWH BaZIeHTHbIU 3N1eKTPOH, 0bpasyeT yactmuy H*,

aTombl MU UOHDbI H

cBob6oAaHbIE €

~10K, ~4 MnH. aTmM

. MeTannnueckmi
BOA0POA,

e 17 rpynna:

npocroe Bewectso H, — nogobHo ranoreHam (X,),

H - ruapug noH (X))



NPOCTPaHEeHHOCTb B NpupoAe |
U3oTonbl BOA0OpPOAa

H — cambiit pacnpocTpaHeHHbI 31IeMeHT
BceneHHOMW,

9 mecTo Ha 3emne:
BOAA, MUHepanbl, HedTb, ras, BCe XuBble
cywiecrtea

N30TOMNHbINA COCTAB:

'H — npotuit — 99,985 %;
’H - peiitepuit (D) — 0,015 %; 3 3
3H — Tputuit (T) — ~10Y7 %. 1H — 2 He +

T -papnoaKTMBHbLIA M3oToN, T4/, = 12,3 roaa




OCTPaHEHHOCTb B Npupoae
u3oTonbl Boaopoaa

sn+.Li— SH+ iHe
"H+%H— JHe+ ,n+17.6MeV

. IHe + 35 MeV

n+141Mev

(I'IpOVIBBOp,CTBO TPUTUA BNA TEPMOAAEPHOro opy)l(vm)




U3oTtonHbin 3pdeKT

AtromHble maccbl H, D u T cunbHO otTanyatotca
Pasnnume pusnueckmnx csomcrs

H, n D,: (H,) = —252,8 °C (D,) = —249,7 °C

KMﬂ KMI'I

H,0uD,0: T, (H,0)=100,0°C
K, 2°§(H,0) = 1-10-14 K,2°%(D,0) = 2 - 1015

p?%3 (r/cm3) (H,0) = 0,9982 p?% (r/cm3) (D,0) = 1,1056

(D,0) = 101,4 °C

KMI'I

Pasnnume cKkopoctei NnpoTeKaHMA peakuum

2H" +2e > H, h
_ uaeT mearneHHee ¢ DY

2D* +28 - D,



TaXXenasa soAaa

Cs\ve\'\“ﬁl\HHOBAU,MFI

\,\?,J?érxaﬂ sona <XMXXXX eauHCTBeHHas Boda NpeMuyM-Knacca
C MNOHWAEeHHbIM CoAepXaHneM TAXeNbIX aTOMOB BOAOPOAA.

Nerkas Bopaa - paszpaboTka aBUAKOCMUYECKON MeaNLHbI.

THE QUESTION

Yro 6yner, ecnu BbINUTb TSHKENON BOAbI?




[H]Z nocToe Bewectso — IMBOAOPO/ —

CTpoeHune monekysnoil:

E,, kx/mone €, HM
436 0,074

dusunueckue csoicrtea (nNpwm cr.y.):
6ecuBeTHbIN ras, 6e3 Bkyca, 6e3 3anaxa
B 14,4 pa3a nerye Bo3Ayxa,
N/I0XO PacTBOPMUM B BOAE

(8 100 V H,0O pacrsopserca 2,15V H,)



H. Npoctoe Bewectso — UBOAOPOA - H, ‘

&

UcTopua oTKpbITUA

VPOK 24, 2

L TR0 XVI — XVII Bek
mfziz’a?@
BbIZEJIEHUE BUHUPUIU-\ B \ T ) ':“j*;’]
PEAKLIMAX KUCTIOT | ot N JIOMOHOCOB - «CONAHbIV CANPT» C
C METAJIIAMM ' MeTannamum
1745

[eHpu KaBeHanw - «roptoumin Bosayx» / 1766 - pnorncton???

AHTyaH JlaBya3be COBMECTHO C UHXXeHepom aHom MEHbe, ncrnonbsyA
cneumanbHble rasomeTpsbl, B 1783 roay ocyulectBmna CUHTE3 BOAbI, a 3aTeM U eé
aHanNun3, Pa3NoKMB BOAAHOW Nap PACKANEHHbIM Ke/1e30M.

NNaBya3be gan BogopoAay HasBaHue hydrogene (ot ap.-rpey. U6wpP — BOAA U YEVVOAW —
POXAAI0) — «POXKAALWNIM BOAY».

Pycckoe HameHoBaHMe «BoAopoA» NpeanoXun xXummk Mmxamn Conosbés B 1824 roay —
‘O aHanormm c «kncnopogom» JlIomoHocosa.

&
b




NonyyeHue gusogopopa

Haubonee pacnpoctpaHeHHble 1abopaTopHblie MeToabl:

1) Bsaumopgeicteue Zn ¢ pacTBOpamMm KUCNOT-HEOKUCUTENEN:
Zn + H,50, > ZnSO, + H,T
2) Bsaumopgeicteme Zn nnm Al ¢ pactBopamm Lwenoyeu:

Zn + 2NaOH__, + 2H,0 — Na,[Zn(OH),] + H,T

2Al + 2NaOH + 6H,0 — 2Na[Al(OH),] + 3H,T

3) dnekTponus Bogbl (anektponut H,SO,, NaOH, Na,SO,):

(ucnonb3yetca pepKo, TONbKO ANA NONAYYEHUA O4EHb YncToro H,)

1. TOK

+0,T
p-p NaOH 2

2H,0 > 2H, T

(katoa) (aHop)

4) Bsaumopgeicreme ruapuaos c BOAON:

CaH, + 2H,0 = Ca(OH), + 2H, T



Hz NonyyeHue gusogopopa

NMpombiWaieHHble MeToAabl:

1) Katanutnueckana KOHBepCcMA meTaHa BOAAHbIM Napom:

a) CH, + H,0 — > €O+ 3H,;

500 °C
Fe

B) pactsopeHue CO, B H,0 noa gasneHmem

6) CO + H,0 > CO, + H,;

2) Nasundukauyua yrna

1000 °C
C+H,0 ——> CO + H, (cooTHOweHHUe 1:1 — «cuHTE3-ra3»)

ANA nony4yeHua uncroro H, panee ncnonb3yrot npoueccol 1 (6) n 1(s)

3) dnekTponus soabl (anekrpoaut H,5S0,, NaOH, Na,S0O,)

+ OZT

1. TOK

p-p NaOH g ZHZT

2H,0

(katoa) (aHop)




Hz NpumeHeHUne auBoaopoaa

CUHTE3-TA3 (curas), cmecbh ra3os, r/1aBHbIMM KOMNOHEHTaMM
koTopou asnatotca CO u H,; ncnonbsyerca Ana cuHTesa

PA3HbIX XUMUNYECKNX COEANHEHUN. TEPMUH KCUHTE3 ra3»

NCTOPUYECKM CBA3AH C cMHTEe3oM DPuwiepa- Tponuwa,
Koraa UCXoAHbIN ANA HEro ra3 noay4vyanm rasmbuKaumen Kokca.
B 60-80-x rr. (npownoro Beka) cbipbeBas 6a3a 1 CTPYKTypa
MCNOJIb30BaHUA «CMHTE3 rasa» M3aMeHUNncCb. B HacTosALlee
BPEMSA «CUHTE3 ra3» NPoM3BOAAT KOHBepPCUe NPUPOaHOro
rasa, 1mbo HePpTENPOAYKTOB U NULLb B HEDBONbLINX MacLiTabax
XMMUYECKOWN NepepaboTKoM ApeEBECUHbI, @ TaKKe
rasmduKkaumen yrnen.



NpumeHeHne gusopopoaa

®paHy Puwep
n XaHc Tponw

CO +(2n+1)H, - C H,, ., + nH,0
nCoO + 2nH, - C H,, + nH,0

B 1926 roay 6bina onybankosaHa pabota &. duwepa u I Tponwa
"O npamMmom cUHTE3e HePTAHbIX Yr1eBOoA0POA0B NP
0b6bIKHOBEHHOM AaBNEHUMN", B KOTOPOWM COOOLLANOCH, YTO NPU
BOCCTAHOB/IEHUWN BOAOPOAOM MOHOOKCMAA yr/iepoaa npu
aTMmochepHOM AaBNEHUNN B MPUCYTCTBUU PA3/IUYHbIX
KaTaaM3aTopPOB (Keneso — oKcua, LMHKA uam KobanbT — okema
xpoma) npu 270°C nony4yatoTca *KUAKNE N AaxKe TBepable
roMoa0rM MeTaHa.




XapaKTepuUCTUKa 3/1IeMeHTa

NaBH,

CreneHb INEeKTPOHHanA Mpumepbl | Ox/red cBoircTBa
OKMC/IeHUA KOHGwUr.
+1 H* H,0, HCl, |Tonbko
KOH OKUCIUTENDb
H, 1s? H,, H BocctaHoBUTEND,
peaKo
OKUCIUTENDb
H-, 1s? NaH, CaH,, | CunbHbIit
BOCCTAaHOBUTENb




buHapHble coeaguHeHUA

MoneKynsapHble coeguHeHUn

(coeaMHeHuna Bogopoaa c HemeTannamm)

MOHHbIe rugpuabil
(TonbKo 3TN rMAapunAbI Nerko ruaponusyloTca soaoi!)

(B ocHoBHOM rmapuabl metannos 1 n yactuyHoO 2 rpynnbi)

MeTtannonopgobHsbie ruapuabi

(B ocHoBHOM 06pa3yloT nepexoaHble meTannbl)

MonnmepHbie ruapuabl

(xapakTepHbl gnsa Be n anemeHTOB 13 rpynnbi)




[H]“j-]’ 'mpapua-noH

H- npoasasaeT CUJibHblé BOCCTAaHOBUTEJ/IbHbIE CBOMUCTBA:

NaH,_ +H,0 — NaOH +H,T

CnocobHOCTb K KOMN/1IeKco0bpa3oBaHUIO:

H- poHop anekTpoHHoM napbl — [BH,]~, [AIH,]~

LiAlH, — TeTparnapuaoantommHaTt nutms,

anlomornapua INTus



Aunsopopop,

Mpu KoMHaTHOI Temnepatype H, oTHOCUTENbHO UHEPTEH

AKTUBaLUA rOMOIUTUYECKOrO pa3pbisa c¢BaA3u H-H: hv nan t°

t° vnn hv

H-H > H' +H’ 436 KAxX/monb

Ana H, Hanbonee xapaKTepHbl BOCCTAHOBUTE/IbHbIE CBOMUCTBA

a) BocctaHOBAEHME CNOXKHbIX BELLECTB NPU HarpeBaHUuU:
tO
OKCMA0B MHOIMX MEeTannoBs: CuO+H,— Cu+ HZOT (okono 300° C)

tO
Mn,0, + H,— 3MnO + H,0T

tO
rasoreHUaoB: 2FeCl; ., +H, —> 2FeCl, . + 2HCIT
tO
cynb¢aToB: BasSO,,. +4H, —>BaS  + 4H20T
tO
OpraHUYecKuX coeguHeHUM: R-CH=CH-R + H, —— R-CH,-CH,-R



H] Aunsopopop,

6) Bsaumopeicreue H, c Hemetannamm (ranoreusl, O,, N,, S, Se, C)

t° unm hv

H, + Cl, > 2HCI

t° unm hv

2H, + O, ~ 2H,0

peakuum c F,, Cl, n O, nporteKatot 6bicTpo (4acTo co B3pbIBOM)

no ceo604HOpPaAUKAIbHOMY LLeMHOMY MeXaHU3My

OkucautenbHble cBoiicTBa H, (He xapaKTepHbl)

H, + 2Na ', 2NaH (voHHOe coeanHeHune, TN NacCl)



ATomapHbI BOAOpOA,

«MNonyyeHue»

obpa3yeTca Ha NOBEepPXHOCTU rpaHyn Zn B KUcnou cpeae («soaopopn B

MOMEHT BblAeNEeHNAY)

H® — ropaspo 6onee cunbHbIit BOCCTaHOBUTEND, Yem H,

MnO,~+H"+H ) —> HEeT BUAUMbIX U3MEHEHUU

2 (13 annaparta Kunna

MnO, + 3H* + 5"H?" n%* +4H,0

(Ha nosepxHocTH Zn) —-> M

BOCCTaHOBUTeNbHAA cnocobHocTb HO ncnonb3yloT B naboparopum ans
nosy4yeHUsa CoOegUHEHUNN NepexoaHbiX MeTaN1I0B B HeCTabUNbHbIX

creneHAX okKucneHna, Hanpmumep.

Ar
2CrCly ., + 2HCl,,,, +2Zn—> 2CrCl,  +2ZnCl,  +H,T




[H+1 aTUOH Boaopoaa / ruapoOKCOHUN-KaTUOL

1@ Hi)=H(r)+e
' /O‘l:'H H*(r) + H,0() = H,0*() ~>5\‘

[H(H,0), I (n = 1 - ~20) "

[H;O0]*, [H:0,]*, [H,0;]%, [HyO,]" ...

H* TonbKO oKUcAUTeNb

2HCl + Zn =2ZnCl, +H,
H,0+ K = KOH + 1/2H,
2H* +2e=H,

CnocobHOCTb K KOMN1eKcoobpa3oBaHUIO
H* akuenTop anekTpoHHOM napbl — H;0*, NH,*



H-l-l MonekynapHble coeguHeHUA

INeKTPOHOA0CTAaTOUHbIE MOJIEKYAAPHble coeAUHEeHUA —
BCE BaJIeHTHble 3/1eKTPOHbl LEHTPaNbHOro aToma
y4yacTsyloT B 06pa3oBaHuUU CBA3EWN.

(aByXueHTpoOBbIE-2€)-CBA3MN.

XapakTtepHbl gna IV rpynnbi C.
CH,, C,H,, SiH, (cunaH), GeH, (repmaH)



H-l-l MonekynapHble coeguHeHUA

IneKTpoHoaePULUTHDBIE MONIEKYNAPHbIEe COeaUHEHUS.
(TpexueHTpoOBbIE-2€)-cBA3M.

XapakrtepHbl gaa lll rpynnoi MC. (B n Al)

B,H, — anbopaH (3x2 + 6 = 12 BaNeHTHbIX 3/IEKTPOHOB, a
csa3en 8!)



L{{-‘L MOI’IEKYI‘IﬂprIe coeanHeHuUA

INeKTPOHOU36bITOUHbIE cOeAUHEHUA — eCTb
cBob6oaHbIe 3/1eKTPOHHbIe Napbl. XapaKTepHbl P

ana anemeHTos V, VI u VIl rpynn MC. p H
NH;, H,0, HF F
.
Ba)XKHoe CBOMCTBO 3/1eKTPOHOU3ObITOUYHbDIX N F
coeguHeHUU Boaopoaa — cnocobHocTb H/

obpas3oBbiBaTb 8000pOOHbIEe c8A3uU (YHUKaNbHOE /
coyeTaHue HenoAaeNeHHbIX 3/IeKTPOHHDbIX Nap n o+ .
Ha aTomax BoaopoAaa). N




100

Boiling point/°C

—100

—-200

VionekynapHble coeaANHEHUS

H,O

odode.ry

+ +
g0 NN

)
- (XD
- | 5[5 & —
7

Period



H+L MoneKynsapHble coeagnHeHuUsA

-%38 - i - 160
-140 - { - 140
-160 - - 120
-180 - - 100
2204 X1 - 60
_ i - 40
-240 (50
-260 - .
| | | | i
0,01 0,1 1 10 100 GPa

B HacTosALlee Bpemsa N3BECTHbI TP aMOPOHbIX
Pa3HOBUAHOCTU U 17 KpUCTanandeckux
MmoanduKaum nbaa




H#+l MonekynsapHbie coeaAnHEHUSA

K Bonpocy o namAatu BoApbl...

IF WATER HAS A MEMORY
THEN HOMEOPATHY IS ...

HO-H...OH,
22 k[x/monb

Bpemsa «KusHu»: 1010 — 10-12 cek



BHEHMe BOAOPOAHON N KOBAa/IEHTHOM CBS

BopnopoaHas KoBaneHTHasn
CBA3b CBA3b
(xkO>x/monb) (xkO>x/monb)
NH,-H...NH; 17 N-H 386
HO-H...OH, 22 O-H 464
F-H...F-H 29 F-H 565
[F...H...F] 165 (!) F-H 565




NpumeHeHne BogopoAaa

€O M* \

CH,OH [ > M
Xumuuyeckoe NpounsBoAacTBo
npoun3BoACTBO N MeTannos

= 0 2

I\
MaprapuH YnobpeHus,

nAacTmMmacchl

Tonauso

TonnuBHbIE 3/1IeMEHTbI,
paKeTHOe TON/MBO

WO, +3H, > W + 3H,0



OpTo0- U napasoagopoa

opmoeodopod napasooopoo
I‘Iongm AJePHbIN CNUH

1=0

o /

HopMmauabHbIi BOAOpOA: opTo:mapa = 3:1




H] OpTo0- U napasoagopoa

pasanuyme B cBOUCTBaX obycnosneHo

pasHoil opueHTaLmeil aaepHbIX CNUMHOB B Moniekynax H, /.

opTo-H,: napannenbHbIK cNUH

napa-H,: aHTMnapannenbHbIA CNUH

T = 20°C: ~75 % opTo-H, ~25 % napa-H,
T=-253°C: ~0,2 % opTo-H, ~99,8% napa-H,

Tenn1onpoBoAHOCTb napa-H, Bbiwe opTto-H, (Nnoutn B 2 pasa)



OpTto0- U napasogopoAa

lNpouecc opTo-nNnapa KOHBepPCUU ABNAETCA
3K30TepMUYECKUM.

opto-H, = napa-H,

Mpu TemnepaTtype KMNeHUAa BoaopoAaa

T =20,2 K (-252,8°C) yaenbHana Ten/10Ta KOHBEpCUm
coctasnnet 525 k)X Ha 1 Kr HOpmanbHOro BoAOpPOAA U
npesbllIaeT Ten/0Ty ucnapeHus, paBHyto 447 KA /Kr.

TexHOn02UA nonyvyeHuA napa-H,
Kamanusamop - akmueuposaHHblIli y20b + ...
(un.-kopp. PAH P.A. byaHoe UK CO PAH)




H] 'MapupoBaHue

Xemocopbuua Ha noBepxHocTH Pt

B pe3y/bTaTe roMmo/IMTUUYECKOro paspbiBa cBA3u H-H obpa3syeTca

«aToOMapHbIN» BOAOPOA

C\ -

o/

Impurities

Pd/Ag alloy
Oumncrka H, ot Mmukponpumecen (nonyyeHume tbe

[
CBEpPX4YUCTOro BoAOpPoAa) TL

High-pressure Furnace

impure hydrogen

Pure

hydrogen




H] 'mppupoBaHue

leTeponntnyeckumn paspois ceasu H-H
H-H > H*+ H-

H H*

|

H, + Zn O Zn— O — ZIn—0—2Zn— O
i T T

CO + 2H, zsicio~ CH,OH




BoaopoaHana aHepreTuka

OCcHOBHOM BMA, TON/IUBA — ANBOA0POA, NOJIy4aeMbl U3 BOAbI
(saneKkTponus Bogbl nan potoxmmmyeckoe pasnoKeHme Boabl B
NPUCYTCTBUU COTHEYHOTO CBETa U KaTa/In3aTopoB)
2H, + O, > 2H,0

Bopa He BauAeT Ha rnobanbHoe notenseHue




MaTtepuanbl gna xpaHeHMAa Bogopoaa

LaNi; o6pa3yet coeguHeHue LaNi:H,

NNIOTHOCTb BOAOPOAa Bbille, YeMm B }KUAKOM AnBoaopoae,

(T.e. B eaMHMLEe 06bema coaepKuTca BaBoe 60nblle BOAOPOAA, YEM B }KUAKOM

MeHee poporoe coeauHeHue FeTiH, (x< 1,95) — wucrouHuK Bopopopa B
NeTaTeNibHbIX annaparax

bonee 6roakeTHble aHanoru: NaBH, , NH;BH,

Ay ™ \

—; g K]
2
| . | '

‘l
i,




