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Periodic Table

of ELEMENTS

1 1008 &
22 T Atomic number Z. (number of Protons) 25 54,94
253 : e 1,55
260 Thon G. Gramer "Twistor" Electro negativity
Hydrogen | - TIA Boiling point temperature | 2097

1s
3 694 4 9012 Melting point temperature 1244

0,98 o BT
1318 Ll = Be Mn
179 1278 Aggregate State
thhmt]n Berylhlzlm Shadow [etters: gas forming Manganese

He]2s He]2s
11 2299| 12 24301 Jzalic letters : liquid Normal letters: solid Ar13d34s2
0,93 131 . . . g i [ ] S
= Nalv Mg Qutline letters : all in nature radio active isotopes
97,8 651
Sodium - [Magnesium|  T[IB IVB VB VIB VIIB ——VIIIB —
[Ne]3s’ [Ne]3s®
01?2 39,10 20 4008 12316 44,96 12524 47,90 1233 50,94 12:6 52,00 12555 54,94 12?3 55,85 IZZS 58,93 lzgl 58,70
774 1487 2832 3260 Ty | 3380 248 2097 2750 2870 2730 N1
63,7 845 Ca’ 1539 SC 1675 Ti 1890 \% ol 82 v 1535 Fe 1495 CO 1453 Ni
Potassium | Calcium | Scandium | Titanium | Vanadium | Chromium | Manganese Tron Cobalt Nickel
[AdJ4s’ [ArJds agad'as® | agadias® | agadiss® | [agpdtas® | [agad’as® | [agad®as® | [Agadlas® | [Agadias®
37 s545| 38 s7e2| 39 ssot| g0 o122 41 9295 42 9594 43 09 | 44 5[ 45 o] 46 106s
0,82 0,95 122 1,33 1,60 2,16 19 22 ] 228 2 0 :
638 fiae ST | 357 s ZX| S0 Mol s T€| % Ru/ i Rh| s« Pd
38,9 769 1523 1552 2468 2610 2200 2310 1966 1552
Rubidium | Strontium | Yttrium | Zirconium | Niobium |Moelybdenum |Technetium| Ruthenium| Rhodium | Palladium
1 2 i 202 3.2 Keladse 5.2 6.2 T2 8.2
[Ka]5s [Ki]5s Kiad'ss® | Koad’ss® | kepeda'ss® | [Kek epd’sss | kepa®ss® | kejaa’ss® | kejad®ss

05759 132,9 5;’; 1373 ]5]1 1aeg ]7320 les 17530 181,0 ;’;‘6 =0 17950 1862 | 76 1002 ;,,270 1922 Z?s 195,1
90 Cs 160 Bq |35 Lalix HEl s Tal s 5630 Re 5030 Os| Ir 0 Pt
28,5 s 920 2150 2996 3410 3180 3045 2410 17172

Cesium Barium | Lanthanum| Hafnijum | Tantalum | Tungsten | Rhenium | Osmium Iridium | Platinum
[Xe] 65' xel6s” | Xelsales” | xe ar'‘a%6s’ | e sa’es’| (xef] sa‘6s’| xen) sa6s’| xel 5a%s’| [xemsd’es” | rxen saes’

08;70 [2%02 ;]’9;0 226,03] ??0 [2/2\1,3; l‘g [265,12) l‘ls [268,13 1(16 [271,13 1{7 [270] 1‘2 277,15 1079 276,15 110 [281,16]
™ Fr|% Ra|™ Al - RE| = Dbl = Sg| = Bh| - Hs| = M| - Ds
27 700 1050 = = = = = = =
Francium Radium | Actinium R"ﬂm;ﬁ‘fdi“;“ Dubnium | Seaborgium| Bohrium Hassium | Meitnerium Dm“‘zﬁ“;n

[Ra]7s’ a7 | Rap6al7s [Rese 6875 | mageass? | Ransdss? | magec’ss? | monectss? | moged’zs? | Rasd®zs
5 58 59 60 61 62 63
Riga (RSU) o 1arf 20 109 8 waz| BL an | 82 1sa] O3 15196
Lanthanoids>| 3757 Ce 2 Pr| 3w Nd i 1778 Sm 1597 Eu
798 931 1010 1080 1072 9o
Stradin’s University Cerjum PraseodyminniNeodymiumPromethium| Samarium | Europium
Xel4fes® | Xepres® | [Xepaf'sd | Xelafssd | Xepfes® | Xepfes
Human Physiology and it 19‘3)0 232,0 ?20 231,04 ??s 238,0 ]9336 237,05 ?,;‘s 244,06 19350 243,06
Biochemistry department ~1 # : ? g
3800 —: 3818 390 3327 =
1750 Th 1554 Pa 1132 U 640 p 641 1000
Asist.prof. A. Kaksis 2013. g. Thorium |Protactinium| Uranium |Neptunium | Plutonium | Americium
[Ra 675> |[Ral 566475 | ey s6a 75 mey 5601769 Rel 56757 | [Rey 567752
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Periodic Table of ELEMENTS

& 5 n g 2 4,003
Relative atomic mass A for radioactive Isotopes ~ MHe
268,6

with longest decaying period enclosed  in square brackets ~ [270] i

I A IVA VA VIA VIIA Helium

2
15
Syrnbols 2%4 10,81 2655 1501 3704 L3 tfu 1600 2 1900 10 20,18
— B« 1958 aso () |assa B 2461 Ne
2300 3550 2099 2184 2196 2487
Name Boron Carbon| Nitrogen Oxygen Fluor Neon
21 2.2 23 24 25 26
[He]2s'p [He]2s p [He]2s'p [He]2s'p [He]2s'p 25p
13 14 23,091 15 16 17 - 18
26,98 30,97 2,06 3545 39,95
EleCtror_l 1,61 9 Q|2 2,58 3,16 =
configuration 2667 A | 235 250 444 346- Cl 857
660,4 1410 44P4 1146 101,0 1892
1B IIB |Aluminum Silicon | Phosphor Sulfur | Chlorine Argon
el 3573p) B Nep3sZ3p” | oNep3s%3p° | [Nep 3s%3pt | [Nej 35%3p° 3¢23p°
]230 63,55 ]325 65,38 ]381] 69,72 %l 72,59 23133 74,92 23;‘5 78,96 2326 7990 36 s3s0
2595 907 2403 2830 ' 65 538 as23 [Kpp
1053 Wi 4196 n 208 937,4 s £35] 55 Se 578 Br 1566
Copper Zinc Gallium |Germaniumf Arsenic | Selenium | Bromine | Krypton
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1,93 1,69 1,78 1,96 2,05 210 =

212 Ag 765 2080 2270 1750 390 1844 107
962 3209 Cd 156,6 In 2319 Sn 630,7 Sb 4495 Te 13,5 I 1119
Silver Cadmium Indium Tin Antimony [ Tellurium Todine Xenon

Ke4d'%ss' | e 4a’%ss” f[xo 4a'%ssp Y[Keg 2a' %5577 (K] 4d1°552p3‘£1(r 1a' %% e j4a' %% 4a'%ss%p®

79 1970 | 80 2006 | 81 2044 | 82 2072 | 83 2000 | 84 20399 85 20099 86 22

2,04 1,90 1,80 1 18 b 19 . | 2,00 Po 2,20 Aﬁ -
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1064 Au -38,9 Hg 303, T 3275 P 271,3 B 1 254 302 —
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Xef] 5a'%s'|Xen] 50'% | Xelsd'%6sp!| Xel6sp” | [Xelosp’ | [Xelosp’ | Xel6s’p’ | [xel6sp’
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— — — Uut]| - -~ - L Non
- Rg = - - — W

i i C]m — e IFH - Metals Metals
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Xeaf'sa'6s] [Xepafos® | epaf6s” | xejarles” | epeZes? | xeme e’ | Xepfes” |rxepart?salesd
96 24707 | 97 247.07| 98 505 | 99 25208 100 25709 101 3510 | 102 50 ;o] 103 ne01s

o O |+ Bk| ® Cf| ' Es| ™ Ff ™ Md| " No| = Lt
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I 3.2
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Solubility Table
SOLUBILITY OF ACIDS, BASES AND SALTS IN WATER
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Physical Constants and Unit Conversions

Sign Unit Examples
Number of moles _
Amount of substance | " mol n(Hz50.) = 0.5 mol
Count of equivalents for . o Two valent acid z(H2SO0.) = 2
reaction of compound g eq
Number of equivalent , ] , _ )
moles for reaction n eq'mol n*(H2SO4) = 1.0 eq-mol
g, m(H2S04) =49 g
Mass of substance m kg, t m = 0.049 kg: m = 1.03 t
Mass of solution m(solution) . g m(H,0 1liter) = 1000 g
. L V (NaCl sol.) =0.174 L
Volume of solution | V mL,m® | V=174mL,V =0.000174 m’
. g/mL p(NaOH sol.) = 1.04 g/mL
Density P kg/ m? = 1.78 ke/m?
Molar mass M g/mol M(H»SO,) = 98 g/mol
. Unit less _
Mass fraction w n00<w<1 w(H2SO,4) = 0.243
. % , procentum
0 (0) ' 0, = 0,
Mass fraction,% w% 0%< W% <100% w%( H2SO.) = 24.3 %
- Unit less _
parts per million ppm 0<ppm<1 000 000 ppm(H2S0,4) = 243 000 ppm
Promill alcohol in blood | pml Unit less pml(H3CCH>0OH) = 0.1 pml
0<pmi<5 )
Cm(sto4) =2.5mol/L
Molar concentration cm |mol/L = M olarity cm(H2S04) =2.5M
[2.5 molar solution of H2SO4]
] _ cn(H2S04) = 5.0 eg'mol/L
Normal concentration | cn :qug?rK;it cn(H2S04) =5.0N
y [5.0 normal solution of H,SO4]
temperature t ° C, Celsius t=25°C
Absolute Temperature | T K, Kelvin T=298.15K
Atomic size distance units| | | A, angstrem [1A=10%cm=10""m=0.1nm

Universal gas constant R = 8.3144 J-K-‘mol*
Molar volume V, of an ideal gas at 273 K and 1.01:10° Pa V, = 2.24 x 102 m3mol~

(Vo=22.4 L-mol™?)

Specific heat capacity Cp of water = 4.18 kJ-kg*-K™? (= 4.18 J-g1-K™)
lonic product constant for water Ky, = 1.00-10714 at 298 K

Temperature conversation from °C to K

1 atm = 1.013-10° Pa = 760 mm Hg
1dmé=1litre=1x103m3=1x 103 cm?
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Table of chemical and physical values

Basic Formula expression | expression Il
Substance m m
amountn & n=— m=n'M M= —
mass m M n
Density p o m(solution _ m(solution
P flo - ¥ m(solution) = peV | V= ¥
solution \V/ p
, w% e m(solution
Mass fraction (from mass) - ( . )
m ¢100% 100%
Wop = —————— . m ¢100%
m(solution) m(solution) = ———
w%
Molar n
concentration Cm=— n=cue*V V=—
molarity \4 Cwm
Molar
concentrz_:tion Cm = m M=oy s Me V _ m
molarity M eV cy eV
(from mass)
Norma/' B Cy Cy
concentration| CN=Cm*Z Z=—— Cm= —
normality Cm Z
Chvy ® V. Chi @V,
Dilution Cvm1*V1=Cm2*V2 V.= M2 _ 72 Cm2 = M1 71
Cm1 \Z
Water cmi* V1 = cmz*(Vi+AVhzo)
addition V, = Cvi®Vi AV20= V-V
AVy0=V-V; Cwm2

Best choice of volume is one liter that V=1 L =>1000 mL
m m m
M= ————— = —
MeV MellLiter M

and using density p for m(solution) calculation V=1000 mL

Cm =

m(solution) = p*V = p*1000 mL (units of m(solution) is in grams)
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Standard Electrode Potentials

El Red. form=0xidized form+ne- H20 classic | Thermodyn. Absolute
Eo H20 account -0.3982 V

H| H(Pt)+H20=H3O*+(Pt)+e classic 0 0.10166 -0,2965
H(Pt)+OH=H 0+(Pt)+e -0.932195 -0.93268 -1.33088

O| 6H20=0:,0 + 4 HsO*+4e- 1.2288 +1.48466 1.0865
H202+2H20=0"2aqua+2H30*+e" 1.2764 +1.58416 1.0829
4H20=H20,+2 H3O* +2¢" 1.776 +2.08366 1.6855
H202aqua+2H20=02ag+2H30"+2e" 0.6945 0.8477 0.4495

N| NO2 +20H=NOs +H20+2¢ 0.01 0.0602 -0.3380
HNO2+4H,0=NO3 +3H30*+2¢" 0.94 1.2477 0.8495
NQaq+6H20=NO3 +4H30*+3¢ 0.96 1.2677 0.8695
NH4*+13H20=NO3z +10H30"+8e" 0.87 1.4180 1.0198

Br| 2Br=Brz(aq)+2e 1.0873 1.18896 0.79076
Bi| BiO*+6H.0=BiOs +4H30*+2¢ 1.80 2.210645 1.812445
Mn|  Mn2*+12H20=MnO4+8H30*+5¢- 151 1.8588 1.4506
MnO2+40H=Mn0O4+2H>0+3e" 0.603 0.6360 0.2378
MnO42=MnOs +e™ 0.558 0.6597 0.2615

Pb| Pb2*+6H20=PbO>(s)+4H30%+2¢ 1.455 1.8656 1.4674
Pb+H20 = Pb?* +2e" -0.126 0.0272 -0.3710

S| H2S03+4H,0=HSO4+3H30%+2¢" 0.172 0.47965 0.08145
HSO3 +4H20=S04*+3H30"+2e" 0.172 0.47965 0.08145
S02*+20H=S04% +H0+2¢ -0.93 -0.87984 -1.27804

2 =Srombic+H20 + 2 & -0.4763 -0.4261 -0.8243
HS+OH=Srombic+2H20+2¢ -0.478 -0.4793 -0.8775
H2Sag+2H20=5rombic+2H30*+2e" 0.142 0.3467 -0.0515
252032=5406% +2€ 0.08 0.18166 -0.2165

Fg Fe?*=Fe3*+e 0.769 0.8717 0.4735
Fe(s)+ H20 =Fe?*+2¢ -0.4402 -0.2870 -0.6852

Ad Ag+ H0=Ag*+e 0.7994 1.0041 0.6059
Ag(s)+Cl- =AgCI(s)+H20+e" 0.2223 0.2210 -0.1772
Ag+2NHs@aq=Ag(NHa)2*+e° 0.373 0.4747 0.0765
2Ag+20H =Ag20(s)+ H20+2¢ 0.345 0.3952 -0.0030

1| 3l =lz+2¢e 0.6276 0.72926 0.33106
Cu Cu(Hg)+H20=Cu?*+(Hg)+2e" 0.3435 0.4967 0.0985
F| 2F=F2(g)+2e 2.87 2.97166 2.5735
Cl 2CI=Clz(g)+2e 1.358 1.45966 1.06146
Cl2(g)+4H20=2HOCI+2H30*+2¢e" 1.63 1.93765 1.53945

Crl 2Cr¥+21H20=Cr,072 +14H3;0*+6¢ 1.33 1.7921 1.3939
Cr¥*+11H,0=HCrO4 +7H30*+3¢ 1.20 1.6793 1.2811

C| H2C204+2H20=2C0,+2H30"+2¢" -0.49 -0.28534 -0.6835
Ci Cr+H0=Cr®*+3e -0.744 -0.6080 -1.0062
711 Zn+H0=Zn?"+2e -0.7628 -0.6096 -1.0078
Al Al+ HO=APP*+3¢” -1.662 -1.5260 -1.9242
Al Al+40H= HAIO3+H,0+3e -2.33 -2.2627 -2.6609

7|Chemistry data book RSU 2023




Ist type Electrode potential E

Red(Me)« Ox(Me™) + ne", n=3, Eocr=-1.3939 V (classic E,=-0,744 V)
Cr+H,0=Cr3**+3¢7; n = 3; CrClz salt is conc. of ion [Cr®*]=0.03 M

E = E®+0.0591/n°1g[Me™] ; E=Eo+0.0591/3<log([Cr**]/[Cr])
Red-Ox Electrode potential E ; E=Eor201+0.0591/n°1g([Ox]/[Red]);
E= Eonzo +0.0591/5l0g([IMn0.*][H30 *18/[Mn?)/[H,0]'?);

Mn?*+12H,0-Mn O, +8H30*+5€"; Eor20=1,4506 V (classic Eo+1,51 V)
| —Ox form — | < | —Red form— | if ((MnO.1[Hz0 *]?=[Mn?*][H.0]'2;
E = Eonzo =1.86+log(1) =1,86 +0 = 1,86 V

a’-c
Ostwald’s dilution law K = I M
' —a

For weak acid g= [Kdis. - Ka=17510";cw=0,01M;pH=3.3785
tm

o= [L75-10% =0.0418=4.18%
0.01M

[H+]2 _10—pH.2

C= m " K= [H +]—pH.z _ 107337852 _ 107875 —175.10%
a a 1-0.01 M 0.01 0.01
For strong electrolytes HCI strong acid pH =2.4; cm=0,01 M
_[H']_107™ a=_I[HT =10"" -0 3981=39.81%
“,Cc 7.C 1.001M 0.01
Isotonic coefficient Glucose as non electrolyte 0=0
1:1+(X,(m-l), O <a< 1 1:1+O(1‘1):1 , ACosm :]'CM
for total osmolarity ACosm Na,SO;, strong electrolyte 0.3<a< 0.999
is icyw total osmolar Na SO, — 2Na* + SO,*
Concentratlon ACosm :i'CM 1:1"’_0,999(3'1) = 2998 N ACosm :2998CM
Osmotic pressure kPa on At temperature 25 Cor 298.15 K

membrane is energy 0.2M glucose non-electrolyte, o=0; i =1 sol.

- - J
Jouls in cell volume liter ;. 5119 37447 298.15K=495.79 kPa
ﬂ:ACosm'R'T,' kPa:i .
L 0.2M Na,SO; strong electrolyte, o=1; 1 =3 sol.

—jonte J
Aosm =ircu 7=3-0.2M'8.3144' ¢ . mol -298.15K=1487.38 kPa
lonic strength I or u 0.2M NazSOusolution a=1
1 ) salt => sodium and sulfate ions
l=§ LGt Z, NazSOs =>  2Na*+ S04

1 1
is total concentration of ions =/°= (2‘0~2M'1+0-2M'4):E (0.4+0.8)=0.6
1=1/2 (2:0.2M-(+1)*+0.2M+(-2)?
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Hess law and Prigogine Thermodynamics

Hess Enthalpy of reaction: AHHess=Y AH products -Y AH reactants.
Dispersed (lost) heat in surrounding : ASheat_dispersed = = AH Hess / T
Hess Entropy of reaction: ASHess = ZASOproducts-ZAso reactants.

Hess Gibbs free energy of reaction AGHess =AHHess- T ® AS Hess
Negative AG means that the process (reaction) is spontaneous (AG<0)
Positive AG means that the process is forbidden, non-spontaneous (AG>0)

Prigogine attractor the Gibbs free energy change minimum AGmin:
|AGHess|>|AGmin|=|AGequilibrium|; AGeq:'R'T°ln(Keq) .
AGhomeostasis:AGeq+R‘T'ln(Khomeostasis) .
Total energy dispersion entropy AStotai=ASHessTASheat_dispersed
Total entropy negative T¢ASta <0 tandem accumulate energy in products AG>0,

Total entropy positive T+AS:w>0 spontaneous dispersed energy AG<0 .
Opposite singe with identical value AG for bound energy AGuispersed=|T*AStotal |

Combustion heat of reaction for food containing energy amount evaluation:
combustions combustions
AHHess = ZAH -

reactants P roducts

Photo Synthesis assimilate light blue red photon energy E=hv

reE:hv PRC
Lo light

blue
Hydroxonium ions photd Synthears

6 H CO3+6 H?,O++Q+AGaccumulate m CeH 1206+602aqua+6H20
Bicarbonate ions glucose+oxygen

AH Hess = (AH csH120t 6AH02) - (6AHH20+ 6AHco2)
AS Hess = (AS°ceH12016AS 02) - (BAS°H20+6AS co2)
AGHess= AHess - T® ASpess
ASheat_dispersed= - AH ness / T
AStota= ASHesst ASheat_dispersed

accumulate energy in products C¢H1206+ 6 O2aguat6H20
organisms by oxidation produce heat, energy, concentration gradients
for osmosis against and for transport down the concentration gradient:

CGH1206+6023qua+6H202>6HC03’+6H30++ Q + AGHess
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Thermodynamic of equilibrium and homeostasis

7AGeq
Thermodynamic equilibrium constant Keq is expressed as Keq=e RT |

where depends on: R = 8.3144 Universal gas constant & €=2.7 natural humber,
1) AGequitibrium free energy change and on
2) temperature T

Equilibrium constant K not depends but Homeostasis constant depends
on concentrations Xa, Xg, Xc, Xp for mixture of compounds A, B, C, D
Xg*Xp
XA X2

Reaction velocity temperature coefficient Y is average from range 2+4

which ratio products over reactants for constant expression K=

k A .
Y= L+10 = 2-+4 times greater velocity constant KT+10 as for Kr,

T
. — k150° -2 4
for experimentally example: y=—=— =3 times greater at T=150°C
140°
Concentration decreases time and temperature iinfluence on time
CO

In—
t= C time in which concentration decreases from C°>to > C .

—

e L. . In
Half life time or half reactant time Tv.= 2

In which concentration decreases per half Cle=2

tT1 t14o°c:
Te= T-m 1150° C= 1509c-140°C
y 10 3 0
k
If t140° ¢=900 s and y=_15¢°c =3

140°C
900s _900s _900s _900s _
150" C="pocrapc ~ B 3l 3 s=300s
3 10 310
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Strong Acid, Base protolytic dissociation pH+poH=14

Formula Example
pH=-log [H"]= -log(a-z-cpm) | What is the pH of 0.0850 M HNO; if & =1 z =1?
pH = - Ig (0.085) = 1.07
pOH= -log [OH]=-log(a-z-cm) What is the pH of 0.00765 KOH if

0.=1z=1[KOH] = [OH]

pH + pOH =14 pOH =2.12; pH =14 - pOH and pH = 11.88
[H*]=10-H pH=1; [H*] =10'=0.1
[OH] =10 -POH pOH=1; [OH]=10"=0.1

Weak acid protolytic equilibria buffer solution

Protolysis-dissociation

CH3COOH+H20¢>H30++CH3COO"

weak aC|d_ (_jeprotqnatlon K. = [H*]cH,co0] =10 -pKa _10 ,76
equilibrium: [CH,COOH], eis
CH3COOH <== CH3COO" + H*

pKa = - 1g [Ka4] Ka=1.745-10; pK, = -1g(1.745-10%)= 4.76
Ka=10 -PKa pKa = 9,25 ; Ka= 10°2°=5,618-101°

NH4*+H,0©H30*+NH3 aqua = [H+[] [N;" slaqua=1(-praz1 0925

NH}
Calculate pH of a formiate buffer
Weak acid protolysis (HCOOH/HCOONa),

deprotonation equilibrium
buffer solution

pH = pK, + Ig ( bz )
Nacid
Chase * Vhase ]

pH=pK;, + log(
Cacid - Vacid

HCOOH + H,04 H30*+ HCOO;
if the buffer is composed from
300 mL of 0.15 M HCOOH and 200 mL of 0.09

M HCOONa solutions, K;=2-10"*
200x0.09 _
300x0.15

Chase * Vbase _ -log2-1

0*+log
Cacid * Vacid

pH=pKa+log

18
=3.7+log i 3.7+log 0.4=3.7-0.398=3.3

Weak acid protolysis
N H4++HZO<:> H++N H3 aqua
ammonium NHg4*
deprotonation equilibrium
buffer solution
pH = pK; + log
NNH4+
pH = pKi + log _CnH3 - Vnns

CNH4+ " VNH4+

NH4 +H,0© H30*+NH3 aqua ;
Calculate buffer solution pH, that formed of
80 mL 0.1 M ammonia NH3 aqua and
120 mL 0.17 M NH4CI solution,
Ka=5 618*1071°,
pH=pKa+log — = -log5,62*10%+log

CNH4+ VNH4+

80x0.1

9120x017 -

=9,25+log m =9,25+log 0,392=9,25-0,4065=8.844
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Weak acid protolytic equilibria buffer solution

Calculate, how many milliliters of 0,1 M HCOOH and 0,2 M HCOONa
have to be taken to obtain a buffer, having pH=3,0 and
total volume 1 liter. K;=2-10*
pH = pK. + log [Cbase 'VbaseJ
Cacid " Vacid

Vsalt: X3 Vacid = 1000 — x
0,2x
3,0 = - log(2-10" + log (—]

0.1- (1000 — X)
3,0=3,7+1o L
P9 0.1 1000— )

7991 0.1- 1000 —x)

1007= 0,2x
0,1- (1000 - x)

0.199= [L]

0,1- (1000 - x)
0,199 - (100 - 0,1x) = 0,2x
X =90,6 mL

V= 90,6 mL;  Vacig = 1000 — 90,6 mL=909,5 mL

Weak acid protolytic equilibria buffer solution
1. Buffer solution to be composed of a weak acid and deprotonated weak acid
salt as base form,
2. Buffer formed of protonated NH4* and deprotonated NHz ammonia,
3. Buffer solution can be composed of a weak acid and strong base in limited
supply,
4. Buffer formed of deprotonated base and strong acid in limited supply,
5. Buffer system can be composed of a weak bivalent acid and its acidic salt,
6. Buffer system can be composed of two salts of the same polyvalent acid,
differing in 1 hydrogen ion, where the salt containing greater number of
hydrogen ions plays the role of acid and the salt, containing lower number of
hydrogen ions plays the role of the base.
7. Proteins Buffers in human organism are long amino acid polypeptide chains
with four type protolytic weak acid groups (see 14" page)
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Complex compounds and light absorption

Charges and coordination numbers of some central ions.

Charge | Coord. Other
of number possible
central by examples coord. examples
ion empiric numbers
rule
+1 2 Agt, cu”, 4 Li*
cu?*, Hg2*, P2,
+2 4 N2+ zn,2* cd?t, 6 Fe2*
Co?*, Ph?™,
3 6 Fed*, AR, crit, A
Co3*

Outer sphere dissociation as strong electrolyte
because complex compounds always are water soluble
strong electrolytes like as salts, strong acids and strong bases:

[CU(N H3)4]SO4 = [CU(N H3)4]2+ + SO42"
Instability constant Kinst. of complex compound [Cu(NH3)4]?* destruction
in secondary dissociation complex compound [Cu(NHs)4]?* equilibrium :

[Cu(NHs).]* == Cu?* + 4NHs;
R GAN
Kinst.= |_[CU (N H, )4 ]2+ J ;

Flip over reaction to formation reaction equilibrium
Cu? + 4NH; = [CU(NH3)4]2+

1 Jeu(nmy),
0 Ko 1007 [ [NH,T

instab.

Light absorption A=log(Io/I)=ascmel

13|Chemistry data book RSU 2023



pKa- pKa- pKaR

Amino Add  Cool NH3+  group Protein constitute amino acids
Isoleucine 236 9.68 protolytic equilibria average
Valine 232 9.62 calculation expression for
Leucine 236  9.60 protolytic constant as well
Phenylalanine  1.83  9.13 . : :

Cysteine 196 1028 8.8 isoelectric point
Methionine 228  9.21 PKa_mean=IEP value
Alanine 234 9.69 with total of NpKa sum constants
Proline 1.99  10.96 pKa for molecule given in table
_ﬂ]ycm? ;i‘l" g-gg includes the sum of:
Serine 521 015 side groups ZpKar grovp ,
Tryptophan 238  9.39 N-terminus pKanterminusp\H3+ and
Tyrosine 220 911 10.07 C-terminus pKacterminuscoo- . In
;'\':;2::2& igé gég ggg Ostwald’s dilution law pH
Glutamate 519 967 495 calculation is used pKa_[nean by
Asparagine ~ 2.02  8.80 concentration C logarithm
Glutamine 217 913 PKa mean —109C

Lysine 218 895 1053 pH= = =
Arginine 217 904 12.48 2

PKa mean=IEP=(ZpKarside_residuetPKanterminus+PKacterminus)/NpKa

Amino acid or protein molecules have four type acidic functional
groups: -COOH neutral, -NHs* positive charged, phenol -OH neutral,
-SH neutral. At physiologic pH 7.36 groups exist prevailing: negative

charged R-COO-, positive charged amino groups R-NHs* , neutral
group of Tyrosine phenol-OH and Cysteine sulfo hydrogen R--SH.

Four parallel protolytic equilibria:

Acid < base + H*
1. R-COOH <R-COO- +H*,
2. R-NHs* <R-NH: +H*
3. Tyr-phenol-OH<<=Tyr-phenol-O~ +H",
4. Cys--SH & Cys— + H*
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FATTY ACIDS

Saturated name C Unsaturated C:Double bonds

Caproic acid Common name Name of salt C: o?

?

Caprylic acid 8:0 Myristoleic acid Myristoleate 14:1 o5
Capric acid 10:0  Palmitoleic acid Palmitoleate 16:11 -7
Lauric acid 12:0  Sapienic acid Sapienoate 16:11 ©l10
Myristic acid 14:0 Oleic acid Oleate 181 o9
Palmitic acid 16:0 Elaidic acid Elaidinoate 18:1 trans
Stearic acid 18:0  Vaccenic acid Vacceniate 18:1 trans
Arachidic acid 20:0  Linoleic acid Linoleate 182 -6
Behenic acid 22:0  Linoelaidic acid Linoelaidiate 18:2  trans
Lignocericacid  24:0  o-Linolenic acid a-Linolenate 183 ©-3
Cerotic acid 26:0  Arachidonic acid Arachidonate 204 -6
Eicosapentaenoic acid ~ Eicosapentaenoate  20:5 ©-3

Erucic acid Eruciate 2221 -8

Docosahexaenoic acid  Docosahexaenoate 22:6 ®-3

Saturated fatty acids
CH3(CH3)14CO:H - hexadecanoic acid  palmitic acid C16
CHj3(CH2)16CO2H-octadecanoic acid  stearic acid C18
20 18 _16 6
HoeH 017 1%151%1312,11098 7 © 5 4 53 2 éo H " arachidic acid
H : . . > .
19 eicosanoic acid edyp o C20:0

Unsaturated fatty acids

161514131211 19 9 % 7 0 5 1OH  paimitoleic acid

H
9 =724 "6 Cs .
. 153 .5 - €0 B 2 C16:1; o-7
cis-A -hexadecenoic acid =o Y o O
18 HH171615 L1312 45 9 8,6 5432, gp linoleicacid
. 9,12H1 = 57 B Cs C18:2; w-6
cis-A -octadecadlenmr?aud & °yPatO
Essential ®-6,-3
1H8H1716151413121110 98755432 1OH
>l 3L 0_
912 15H1" 3=0© e Sy pC o~0 o-linolenic acid

Cis-A’ ' octadecatrienoic acid C18:3; @-3

Phosphatidyl Choline Membrane building molecular components
Phosphate ester of glycerol C3 Palmitate ester of glycerol C1

CH,  ester O
|+3 /\ :CW\/\/\/M
H.C-O H HH H H

H3C_N_CH2 H™H AR B H ':‘H H HH
(I:H O_ [ H_H : HH H H H H
3 1 H_? O C —< 8 6 4
—0- H7 s 3
e;'ezrc/ 5 0O-C o Oleate C18: 1co 9 21
\_/ H H \ester
Choline Glycerol All atoms colored CPK labels
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3 | \

CH .. How H_ H
H C_N Ho A .C H H  w'y HOH

CH | 5 32
CH3/ 2 O— u-C O_g: — — _ _6 4
|
HZC_O_|I:I)_O_HCH g
O

Cholesterol  #% M M
H pHe
| !
O both angular methyl groups

Phosphatidyl Choline/Cholesterol complex in cell membranes
H.Cc21 22 Cholesterol Steroid
3 Lipid Rings are labeled
26 A B, CandD. Double
H;  bond between 5 and 6
>C=C< and alcohol HO-
H,C27 at carbon 3. Angular
methyl groups
—CH3s labeled 18, 19 or
splinter 21, 26, 27 clutch

1» HC

3

fixing molecules in membrane stabile.

La-Amino Acids Non-polar, aliphatic, aromatic R groups left Ca,

Nr. Name Three, one Structural formula pH=7.36
H .
L Glycine Gly, G H_I}IH 9
i : -
Y Y H——C*—C-0
H
H +
2 . H-NH O
Alanine Ala, A la I

H .
H.C. H [H-NT O
3 Valine Val, V : \Cli——(lja—(l{—o'
H3C/ H
C TH
H.C_ H H-NH O
4. Leucine Leu L | ° \Cl:—CH Cl:a_ll_ _
HSC/ 2 H C O
| Nr. | Name [Three,onel  Structural formula pH=7.36 |
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_NH
5 ) HSC—CHZ\W| AN T
Isoleucine le, | ___—=C—t—CH—C-0
H,C
H .
17. . B [HNTQ
Phenylalanine | Phe, F CH;t—CH-C-0~
H,
_NZH
20. ; e He 1 -
Proline Pro, P CH, Cll—C—O
H; CH,
Cystei A
8. ysteine - H-N*H O
Cys, C C\H__Ia_ll -
non-polar 7§ €O
Ho,
9. Methionine H,C— N H—l}l 9
Met, M CH;-CH;—C*—C-0~
non-polar H

Polar R groups pink colors due to oxygen O bluish colors of nitrogen N

H
6 : o0 AN g
Serine Ser, S CHZ-—C“—C—O'
H
H +
™| Threoni Thr, T O H_'T'H Q
reonine r, -
Hsc—CH—cH:“—c—o

18. _ H H-N+H 0
Tyrosine | Tyr, Y O‘QCH?—CH—C—o'
B o
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Nr. Name Three, one Structural formula pH=7.36
H .
H-NH O
|
191 Tryptophan | Trp, W % EHT_SH”C‘O
N
H
Acidic a-amino acids red colors of oxygen O
Nr. H
Aspartate 0 H—'I}lq'| 9
10. | Aspartic acid |Asp, D 0=C—CHA—C%—¢-0"
salt 2
Nr. H .,
A ine |Asn,N| H T HN O
sparagine sn, . -
11, parag H-N-C—CH;—C%—c-0
H +
Glutamate H-NH O
Glutamicacid | Glu,E| - Il lg I _
12. salt O0-C—CH;,~—/€H;—C—C-0
H .
13. | Glutamine |GIn, Q Ho H_I}If .
: H-N-C—CH;— CH;—C=—C-0
Basic a-amino acids blue colors of nitrogen N pH=7.36
Nr. H H 4 N
o H_N'CéN_H H-N -HICI)
; ! -
14, Arginine |Arg, R H-N—CH; CHZ—CHZ-—C°°—C—O
H +
. N H-N"*o
15. Lysine |Lys, K C'HZ—CHZ—CHZ—CHZ‘—CQ—C-O'
A, H
- . - NH
Histidine |His, H| '\ L N=Hg |H-N Q
6. CHy % CH-C-0
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Pentoses—Aldoses:

Structural Formulas of Carbohydrates The Fischer tree projections

for open chain structures

Hexoses — Aldohexoses:

1
H O
1 1 N~
e s €5
2 2 H3__OH
H o} H H
H——O. H——O. 4
H——O H——O 5
. H c H H——O-H
H-0C " H-0C " 6
H H H_CI:'O_H
H
D-Ribose  D-2-deoxy-ribose D-Glucose
1 1 H O-H
H\C//O HH\C//O H"?’l
H—%oq '0—2H 2C=0
Hoal g o3y o3,
O~H H——o H—1—On
5 _5
H=1—0,, H—r—0 H Oy
6 _H 6 _H 6 _H
H-0C H-0C H-0C
H H H
D-Galactose D-Mannose D-Fructose
Haworth projection
Fisher projection H\Cl:,/o Cyclic a-L-Fucose
Ho 5 Hemi acetal | oxygen
L-monosaccharide 3l 6 o_QH
because HO- on carbon A OH 4K CH 20 1> o
5 is on the left H——0H
—%\5 H'O 3 carbon
_ —_H anomeric
and is down CarbO“HG |—$C'H Carbon 6 is —CHs rather
6methyl —-CHs H than —-CH2-OH
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Cyclic Structure Haworth projections of Carbohydrates
Haworth projection uses the organic molecule frames

(O

Pyranose six member cycle and Furanose cycle 5 atoms
Disaccharides and polysaccharides
g H Hemiacetal 6 H Hemiacetal 'O6H Hemiacetal 6 H Hemiacetal

On
Maltose  Glc(a1—>4)Glc- Lactose Gal(f1—4)Glc-p

6 H Hemiacetal

H O'H Glycoside H O'H

Sucrose
a-D-Glucose unit Pyranose six member cycle

(a1->2p) Glc(a1—>2)Fruc-p

o B-D-Fructose unit ~ Furanose five member cycle

Starch —»4)Glc(a1—4)Glc(a1—>4)Glc(al—>

6 H Hemiacetal 6 H Lemiacetal 6 H Hemiacetal

QO
H  OH e%@eH OH groseH  OH
Cellulose —4)Glc(B1—4)GIc(B1—>4)Glc(f1—>

6 H 6 H 6 H Hemiacetal

Hemiacetal Hemiacetal HO
H\

H H
H o H Glycoside H @) H Glycoside 1 O H
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