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The impact of some Pyridopyrimidine derivatives on the corrosion of carbon steel (CS) in 0.5M HCI
was examined utilizing mass loss (ML), potentiodynamic polarization (PP), AC impedance spectroscopy
(EIS) and electrochemical frequency modulation (EFM) techniques. The inhibition efficiency (IE)
increases with increasing concentration of inhibitor but decreases with rising the temperature. The
inhibitors were adsorbed on the CS surface obey Temkin’s isotherm. The electrochemical data indicated
that all the investigated compounds act as mixed-type inhibitors. The mechanism of the inhibition
process was discussed in the light with chemical construction and quantum-chemical calculations of the
Pyridopyrimidine derivatives.
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1. INTRODUCTION

Corrosion is an essential procedure playing a significant role in safety and economics, mainly
for metals. The utilized of inhibitors are excellent techniques for inhibition versus corrosion, particularly
in acidic solution [1]. The benefits of utilized organic inhibitors such as given higher protection
efficiency, little price, toxicity low, and easy synthesis [2]. Many heterocyclic composites have been
utilized for the corrosion hindrance of iron [3], copper [4], aluminum [5], and other metals [6] in different
corroding medium. The surfactant heterocyclic compounds adsorbed on the metal surface can distinctly
change the property of corrosion- resisting for metal [7] and so the study of the relatives among the
adsorption and corrosion protection is the great important. Heterocyclic compounds have displayed a
high protection efficiency for iron in both HCI [8] and H2SO4 [9] solutions. It is well known, organic
compounds containing O, S and N are utilized as corrosion inhibitors for metals in acidic solutions, such
as: ethanolamine, diethanolamine and triethanolamine [10], docecyl benzene sulfonic acid sodium salt
(SBDS) [11], 2-mercapto pyrimidine [12], some acridines [13], imines [14], dioxan-water mixtures [15],
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quaternary ammonium , salts based on 2-acetylallylchloride [16], 2-mercapto benzimidazole [17],
Ethoxylated fatty alcohols [18], Schiff base compounds [19], pyrrole and its derivatives [20],
benzotriazole [21-29], Pyrazolocarbothioamide [30], 1,3-Thiazolidin-5-one[31], Pyrazolone [32],
Distyryl [33]. These compounds can absorb onto metal surface and blocking the active sites and thus
lowered the rate of corrosion.

As Pyridopyrimidine derivatives have rarely been studied as inhibitors for CS in HCI. For this
reason, the objective of the current work is to examine the protecting action of Pyridopyrimidine
compounds in 0.5M HCI at 25-55 °C utilizing altered techniques.

2. EXPERIMENTAL METHODS

2.1. Materials

Techniques were achieved on CS coins of the following composition (weight %):0.350 Mn,
0.200 C, 0.024 P, 0.003 S, and the rest Fe.

2.2. Solutions

The aggressive solution, 0.5M HCI was ready by dilution of analytical grade (37 %) HCI with
bi-distilled water. The range of the inhibitors concentration utilized was 1x108-19x10° M.

2.3. Inhibitors

The investigated compounds were selected from Pyridopyrimidine derivatives and are shown in
the Table (1).

Table 1. The molecular structure, names, molecular formulas, and molecular weights of
Pyridopyrimidine derivatives

Inh, Structure IUPAC Name | AtV Chen&%@:' :‘/t\)/rtmula,
OCH;
7-amino-6-
(benzo[d]thiazol-2- 20
(A) e N y)-2,3-dihydro[2,3- | 5N CZl'z;%Nglozsz
/ d]pyrimidin-4(1H)- 2S :
HN | X s one
/l‘\ =
s H N NH,
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COOC,Hs thloxopyr|QO[2,3- 1S
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‘ carbonitrile
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S H N NH,

2.4. Mass Loss (ML) Tests

Seven parallel CS sheets of 25 x 20 x 0.6 mm were abraded with emery papers (grade 320-500-

800) and then washed with bi-distilled water and acetone. After exact weight, the samples have pushed
in 100 ml of 0.5M HCI acid existence and nonexistence of altered dose of inhibitors. After an altered
rinsed time, the CS specimen were achieved, wash with water bi-distilled, and then mass. The (IE %)
and 0, of Pyridopyrimidine derivatives for the CS were calculated as next [34],

IE% =60 x 100 =[1— (W/W?°)] x100 1)

Where W° and W are the ML without and with of the Pyridopyrimidine inhibitor,
correspondingly.

2.5. Electrochemical Measurements

PP method was taken in a typical three compartments glass cell [35]. The potential range was (-
800 to +200 mV vs. SCE) at OCP with a scan rate 1 mVs™.

Then icorr was calculated for the measurements and was used to calculate the %IE and the 6 from
Eq. (2) as below:

IE % =0 x 100 = [1- (icorr(inh) / Icorr(free)] * 100 (2
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Where icorrfree) @and icorrinn) are the current in the absence and presence of Pyridoprymidine,
correspondingly.

Impedance measurements were done by AC signs of 5 mV peak-to-peak amplitude and at a range
of frequency of 107 Hz to 0.1Hz. The capacity of double layer Cqi, (% IE) and 6 were founded from Egs.
(3) and (4) which are defined as:

Ca=1/ (2 7 fmaxRet 3

Where fmax is the maximum frequency

IE % =0 x 100 = [1- (R°/Rct)] X100 (4)

Where R°%:t and R are the charge transfer resistances without and with Pyridoprymidine,
respectively.

EFM technique used two frequencies of range 2 and 5 Hz depending on three conditions. The
(icorr), (Bc and Ba) and (CF-2, CF-3) (Causality factors) were measured by the greater two peaks

(EFM) and (EIS) technique was performed utilized the similar manner as earlier with a Gamry
framework system rely on ESA400. Gamry apparatus includes software EFM140 for EFM tests and
EIS300 for EIS method; the computer has used for summation value. Echem Analyst 5.5 Software was
used for drawing and fitting data.

3. RESULTS AND DISCUSSION

3.1. Mass loss (ML) measurements

The mass loss of CS can be studied in presence of Pyridopyrimidine at 25°C. Figure 1 shows that
Pyridopyrimidine derivatives decrease the ML and therefore the corrosion rate [36]. Similar curves were
obtained in presence of the other inhibitors, but not shown. The (% IE) and then 0, of the CE for the CS
were estimated from Eq. (1). The values of % IE are given in Table 2. The % IE of Pyridopyrimidine
derivatives in the order: A>B > C.

Table 2. Values of % IE and C.R. after 120 min of CS in 0.5 M HCI without and with various
concentrations of Pyridopyrimidine derivatives at 25°C

Conc., x 10° ML (CR)
Compound M mg cn’rz mg cm2min’t IE%
Blank 0.0 2.80 0.023
2.10 0.018 25.0
1.70 0.014 39.3
< 9 0.90 0.008 67.9
17 0.50 0.004 82.1
19 0.30 0.001 89.3
0 4.80 0.040 20.8
3.80 0.032 35.4
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9 2.40 0.020 50.0

17 1.80 0.015 62.5

19 0.07 0.001 85.4

4.40 0.037 15.9

3.70 0.031 25.0

O 9 3.30 0.028 38.6
17 2.70 0.023 59.1

19 1.10 0.009 75.0
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Figure 1. ML-time diagrams for the CS in 0.5 M HCI without and with various concentrations of
compound (A) at 25 °C

3.2 Potentiodynamic Polarization (PP) Measurements

PP has happened to obtain data linking to the kinetics of the cathodic and anodic reactions. Figure
2 illustrated the PP manner of CS in destructive solution existence and nonexistence of altered doses of
Pyridopyrimidine derivatives (A). The % IE increases as the rise the concentration of inhibitor. The
small change in the Ba and, B¢ (Tafel slopes) and in Ecorr With raising the derivative concentration indicate
that these derivative behave as mixed type [37]. The results obtained from PP (Table 3) show reduction
in icorr With presence of inhibitors and increase % IE with improving the concentration. The parallel Tafel
lines indicate that there is no change in the mechanism of CS corrosion [38]. The %IE of these
Pyridopyrimidine derivatives follow the arrangement: (A) > (B) > (C).
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Figure 2. PP curves for corrosion of CS with and without various concentrations of inhibitor (A) at 25°C

Table 3. PP parameters (Ecorr.), (icorr.), (Ba& Pc), (0) and (% IE) for CS dissolution in HCI at 25°C

Conc., - Ecorr, Icorr. Ba Bc ) 0
Comp. M. mV(vs SCE) mA cm mV dec? | mV dec? v % IE
Blank 521 120 66 76
11 x 10°® 433 63 83 38 0.475 475
A 13 x 10°° 503 56 29 96 0.533 53.3
15 x 10 491 46 58 80 0.617 61.7
17 x 10°° 460 36 97 71 0.700 70.0
19 x 10°° 411 31 47 73 0.742 74.2
11 x 10°° 412 57 87 77 0.525 52.5
13 x 10°° 433 63 84 66 0.475 475
B 15 x 10°° 431 50 90 37 0.583 58.3
17 x 10°® 470 39 15 61 0.675 67.5
19 x 10°® 436 38 70 48 0.683 68.3
11 x 10°® 503 81 39 107 0.325 325
13 x 106 479 70 37 99 0.417 41.7
C 15 x 10 540 62 28 122 0.483 48.3
17 x 10°° 503 50 22 85 0.583 58.3
19 x 10°° 521 45 26 84 0.625 62.5
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3.3. Electrochemical Impedance Spectroscopy (EIS) Measurements

3992

EIS tests were utilized to study the mechanism of corrosion. The results of Nyquist and Bode
diagrams are demonstrated in Figure 3a, 3b, respectively.

T T T T
20
] T —
18 P o
1 PSR St 8 AN
16 P \ < 4
6 <3y Y. \
1 /e, AN N\
14 4 AT ee g V. <
] <Y _® ~e_ \
o 124 L o A
S 1 I K® ’/ '] [} v
10 Gy ‘m e
E 1 4\/’ " \l\ \.
!
o & 7" . i
g6 & 1
N 2% -
1 4
44 “! —m— Blank
1 ] —0—11x106 M | |
2 1 13x10-6 M
] —¥—15x10-6 M
04 & 17x10-6 M
—4—19x10-6 M
-2 T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50
Z__,ohmcm?
real
x}vv
2 mry
'lié\-v < S,
Be mey < e &
| ] o o
T <"g¥ <
". 20 4'-:}\ < g -
< ¥ me ar <=
£ <« e Do < m
= < a0 < a2 < X
s 10 <« T.u® P ;"f. <
; < u® 44‘»,- <4 ym T
® <ze 4
<« T ETg e Um
4 T m Lo -
 ta® Ry 3" J
E Pl ¢ Y
m  Blank 4«"!1 —C4.
® 1 fx: 06M + Ele 2z '—'332
13x10-6 M = "mggRlM ;_w
v 15x10-6 M LA SEgges 7
17x10-6 M e TR eEEEg EEaEnE"
< 19x10-6 M
1 T T T T T
1 10 100 1000 10000 100000
f/Hz

55

-20

-30

-40

-50

-60

Phase angle , deg.

Figure 3. The Nyquist (a) and Bode (b) diagrams of CS in 0.5 M HCI in the absence and presence of
various concentrations of compound (A) at 25°C

These figures indicate a gradual increase in the semicircle diameter of the Nyquist diagrams by
raising the concentration of Pyridopyrimidine derivatives. So the Pyridopyrimidine derivatives retard
the corrosion rate by adsorption [39]. From Figure 3a one noticed that the deviation from an ideal
semicircle as a result of frequency dispersion because of the inhomogeneity of the surface. Table 4 gives
different parameters of impedance as, (Rct), (Cai), (%IE) and electrolyte resistance (Rs). The data of Table
4 demonstrated that, the Cq data lowered by raising the of Pyridoprymidine derivatives, this behavior as
a result of molecules adsorbed on the surface of CS. Figure 4 shows the equivalent circuit which used in
our study [40]. The %IE gotten from EIS tests is as follows: A>B > C
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o
CPE

Figure 4. Circuit utilized for fitting the data of EIS in 0.5 M HCI

Table 4. EIS parameters for CS corrosion without and with various concentrations of pyridopyrimidine
derivatives at 25°C

Conc,, Ca1,x1073 Rotx 107 o
Comp. M uFem 2 Q cm? e IE%
Blank Blank 2.87 34.90
1x106 2.12 49.86 0.301 30.1
5x10°® 1.83 68.43 0.490 49.0
< 9x10° 151 96.94 0.636 63.6
17x10°® 1.36 166.19 0.791 79.1
19x10° 1.11 317.27 0.897 89.7
1x10 2.42 49.15 0.293 29.3
5x10°6 1.91 58.17 0.401 40.1
o 9x10°® 1.70 74.26 0.525 52.5
17x10°® 1.33 112.58 0.691 69.1
19x10°° 1.21 205.29 0.829 82.9
1x10 2.33 39.21 0.112 11.2
5x10°6 2.06 46.53 0.249 24.9
o 9x10°6 1.31 54.53 0.365 36.5
17x10°® 0.98 81.16 0.571 57.1
19x10° 0.88 129.26 0.732 73.2

3.4. Electrochemical Frequency Modulation (EFM) Measurements

EFM is characterized by speed and greatly accuracy in calculating the current data [41]. Figures
5 & 6 indicate the EFM of CS in 0.5 M HCI solution and at 19x10° M of pyridopyrimidine compound
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(A). The EFM parameters such as (CF-2 and CF-3), (B¢ and Ba) and (icorr) can be measured from the
higher current peaks. The CF is closer to the standard data proved the validity of the calculated data. The
IE% increase with the raising of Pyridopyrimidine concentrations. The % IEgrm rise by raising the
Pyridopyrimidine concentrations and was measured as in Eq. (2):

Table 5. Parameters of EFM diagrams for CS corrosion without and with various concentrations of
Pyridopyrimidine derivatives in 0.5 M HCI at 25°C

1E-7

1E-8

T T T
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Frequency (Hz)

Figure 5. EFM spectra for CS in 0.5M HCI (blank)

COHC., i Bc Ba
Comp | X 10°M | a‘omy? mVdec” | mVdec | CF2 | CF3 n?r?y o | IE%
Blank | 00 | 19520 | 350 | 579 | 107 | 2.99 | 8920 | — | —
5 | 10619 | 239 | 318 | 2.04 | 6.60 | 4853 | 0.386 | 386
< o | 5895 | 189 | 416 | 1.07 | 3.20 | 269.4 | 0579 | 57.9
17 | 2048 | 252 | 329 | 2.07 | 6.65 | 134.7 | 0.779 | 77.9
19 | 2737 | 191 | 292 | 201 | 103 | 79.4 | 0.860 | 86.0
5 | 11693 | 243 | 326 | 2.04 | 6.09 | 5343 | 0.204 | 204
- o | 9506 | 225 | 282 | 2.03 | 7.53 | 434.4 | 0500 | 50.0
17 | 6949 | 228 | 302 | 204 | 10.18 | 317.6 | 0.720 | 72.0
19 | 2813 | 175 | 206 | 190 | 422 | 124.0 | 0.775 | 77.5
5 | 13684 | 201 | 401 | 2.02 | 6.37 | 6253 | 0.I19 | 119
o o | 11809 | 111 | 136 | 153 | 1.05 | 539.7 | 0.361 | 36.1
17 | 7593 | 52 71| 148 | 175 | 3469 | 0.479 | 47.9
19 | 4431 | 47 59 | 1.12 | 153 | 2025 | 0.715 | 715
. .
1E-4 -
1E-5
S
2 1E-6
o
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Figure 6. EFM spectra for CS in 0.5 M HCI with of 19x10'6M compound (A)

3.5 Adsorption isotherms

The behavior of adsorption can be demonstrated by the adsorption isotherms, it enables the
elucidation of the investigated mechanism of the inhibition by understanding its behavior.

1.0+

E ®  |nhibitor A
0.9 A ® |nhibitor B
g Inhibitor C

— T - T r I T T 1T T T T T r T T
-6.2 -6.0 -5.8 -5.6 -5.4 -5.2 -5.0 -4.8 -4.6 -4.4

logC,M

Figure 7. Temkin adsorption isotherm for Pyridopyrimidine derivatives at 25°C

The common adsorption isotherms fitting were used to analyze the data are Langmuir,
Freundlich, Temkin, Flory—Huggins and Frumkin [42]. In the present study, the data of our experiment,
revealed that the best fit for Temkin isotherm. Figure 7 shows the plotting of 6 against log C at 25°C for
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Pyridopyrimidine derivatives. This plot gave straight lines indicating that the adsorption of
Pyridoprimidine derivatives on CS surface obeys Temkin isotherm:

0= (1/f) In KaasC )

Cinn is the inhibitor concentration, Kags is the adsorption equilibrium constant, and "a" is a
parameter of lateral interaction which describes the molecular interactions in the adsorbed layer and the
degree of the surface.

Kads = 1/ 55.5 exp (-AGads/ RT) (6)

T is the Kelvin temperature and 55.5 is the concentration of water in solution (M).

The values of Kags and AG®ags 0f the Pyridopyrimidine derivatives were measured and are listed
in Table (6). The Pyridopyrimidine derivatives are adsorption on CS surface spontaneously and this is
proved by the negative sign of AG®ads. From the data of AG®ads (More than -20 and less than -40 kJ mol
1, the Pyridopyrimidine derivatives are adsorbed by mixed one (physisorption and chemisorption) [43].

Vant’t Hoff equation can be utilized to measure AH ags and AS®ags EQ. (7):

AGOads = AHOads -T ASOads (7)

A positive sign of AS%qgs proved that the disorder of corrosion process is rise by utilizing
Pyridopyrimidine derivatives (Table 6).

Table 6. Calculated results of the adsorption parameters of CS

Com Temp., KadsX106 'AGoads ‘AHoads 'Asoads
P- C M1 kJ mol* kJmol? | Jmol?K'

25 2.2 29.2
35 2.3 29.1

< 45 2.5 28.6 238 59
55 2.5 28.7
25 2.5 26.1
35 2.9 23.7

m 45 30 38 79.3 4.8
55 3.2 22.8
25 2.2 26.9
35 3.3 20.0

¢ 45 3.6 18.6 79.0 4.8
55 4.2 15.2

3.6 Influence of Temperature

The effect of temperature on the rate of corrosion of CS in 0.5 M HCI with and without various
Pyridopyrimidine derivatives concentrations was examined in the range of temperature 25-55 °C
utilizing ML tests. The results indicate that the lower in % IE with the increase in the temperature proved
the presence of physical adsorption of Pyridopyrimidine on CS surface. Arrhenius equation (3) can be
utilized to measure the (E”5) of the activated energy according to Eq. (8):

Keorr = A exp (E o/RT) (8)
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Where E”, is activation energy and T is the absolute temperature. Using Figure 7, E"s can be

measured (Table 7).
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Figure 7. Log Kcorr — 1/T curves for CS dissolution in 0.5 M HCI without and with various concentrations
of compound (A)
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Figure 8. Plots log (keor/T) and 1/T diagrams for the CS without and with different concentrations of
compound (A)
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E”a values prove that the higher percentage of Pyridopyrimidine impede corrosion effectively by
raising the energy barrier of the activated complex and improve that the process is controlled by diffusion
[44]. The increase of E"a by rising the concentrations of Pyridopyrimidine, indicates that
Pyridopyrimidine was adsorbed physically on CS surface (A H*, AS”) are measured by Eq. (9):

keorr. = RT / Nh exp (AS™/R) exp (-A H'/ RT) (9)

Figure 8 shows the relation between log (Keorr /T) and (1/T) which used to measure the values of
AH" and AS”(Table 7). The raising in Ea~ with rising CE dose Table 7 is typical of physical adsorption.
The positive signs of AH" reflect the endothermic nature of the CS dissolution process. The negative
values of AS” shows that during the rate-determining step, the formation of the activated complex is
more ordered than that the reactants [45]

Table 7. Activation parameters for CS in 0.5 M HCI at 19X10° M for the investigated compounds

. Ea, AH, -AS”,
Inhibitor kJ mol* kJ mol* J moltK

0.5 M HCI 22.4 20.5 185.3

A 63.6 59.6 73.9

B 37.5 35.0 149.0

C 32.9 30.8 158.0

The %IE of Pyridopyrimidine derivatives as E,” and AH” and AS™ data are as follows: A > B >

3.7 Simulation Analysis

The Enomo indicates the capacity of the molecule to donate electrons to an appropriated acceptor
with empty molecular orbital but ELumo indicates its ability to take electrons. The lesser the data of
ELumo, the more capability of the molecule is to gain electrons [46]. While the greater is the data of
EHomo of the inhibitor, the easer is its donation electrons to the unoccupied d-orbital of CS surface and
the larger is its IE. The obtained data record in Table 8 showed that the maximum energy Enomo is
assigned for the Pyridopyrimidine A, which is estimated to have the maximum corrosion protection
between the Pyridopyrimidine compounds. The HOMO-LUMO energy gap, AE approach, which is a
significant constancy index, is practical to advance theoretical models for explaining the structure and
conformation barriers in many molecular systems. The lesser is the data of AE, the more possible best
IE [47]. There is a general consensus by numerous authors that the more negatively charged heteroatom
is, the more is its capability to absorb on the CS surface among a donor-acceptor type reaction. Deviation
in the protection efficiency of the Pyridopyrimidine derivatives is influenced by the existence of electro
negative N- and O- atoms as a substituent in their molecular structure. The measured Mulliken charges
of designated atoms are listed in Fig. (9).
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B3LYP/6-31G(d) technique in a gas phase

3999

Table 8. Enomo, ELumo, AEgyp and dipole moment (p) for the various compounds obtained from

Pyridoprimidine -EtHomo -ELumo AEqgap u(Debye) Area (A?)
A 8.99 1.52 7.47 8.46 400.29
B 9.24 1.62 7.52 4.1 352.09
C 9.29 1.72 1.57 3.75 306.19

HOMO Inhibitor (C) LUMO

from B3LYP/6-31G (d) technique module

Figure 8. The optimized molecular structures, HOMO, LUMO for Pyridopyrimidine compound utilizing
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3.8 Mechanism of Inhibition

Corrosion protection of CS in HCI solution by the investigated Pyridopyrimidine derivatives
chosen from ML, PP, EIS and EFM tests was found to depend on the concentration and the nature of the
Pyridopyrimidine derivatives. The order of increased IE for Pyridopyrimidine derivatives is A > B > C.
as indicated by the different tests. Compound (A) is the most efficient inhibitor due to: (i) the existence
of two S-atoms, five N-atoms, two O-atoms, and 4 benzene rings which include n-electrons and (ii) it
has a greater molecular size [48]. Compound (B) comes after inhibitor (A) in IE this is due to: (i) It has
4-0 atoms, 4-N atoms, one-S atom and three benzene rings and (ii) it has lesser molecular size than (A).
Compound (C) is the least effective one due to: (i) It has 2-O atoms, 5-N atoms, one-S atom and three
benzene rings and (ii) it has lesser molecular size than compounds A & B. The following Table (9) gives
a comparison of %IE with different investigated organic compounds. The present Pyridopyrimidine
derivatives give considerably significant corrosion %IE compared to other organic derivatives. Thus, the
present Pyridopyrimidine derivatives can be used as corrosion inhibitor with good results.

Table 9. Performance comparison of some organic compounds as corrosion inhibitors

Inhibitor Medium IE % References
Pyridopyrimidine derivatives 1 M HCI 89.3-75 | Our results
2-(3-Nitrophenyl) imidazo [1,2-a]pyridine 1 M HCI 80.0 [49]
3-Amino-2-phenylimidazo[1,2-a]pyridine 1 M HCI 86.1 [50]
2-Phenylimidazo[1,2-a]pyridine-3-carbaldehyde 1 M HCI 83,1 [51]
3-Bromo-2-phenylimidazol[1,2-a]pyridine 1 M HCI 86.8 [52]
2-Phenyl-3-nitroso-imidazo[1,2-a] pyridine 1 M HCI 73.0 [53]
2-Phenyl-3-nitroso-imidazo[1,2-a] pyridine 1 M HCI 88.8 [54]
2-Phenyl-3-nitroso-imidazo[1,2-a] pyridine 1 M HCI 87.1 [55]

4. CONCLUSIONS

Pyridopyrimidine derivatives are considered as good inhibitors for corrosion of CS in 0.5M HCI.
From all experiments, the %IE increases with raising the concentration of the Pyridopyrimidine
derivatives and lowered with raising the temperature. Adsorption of Pyridopyrimidine derivatives on CS
surface obeys Temkin adsorption isotherm. From thermodynamic values addition of Pyridopyrimidine
derivatives increases the activation energy. The negative sign of AG%ds and AH.qs indicate that the
adsorption was spontaneous and exothermic. PP technique suggests that Pyridopyrimidine derivatives
can be utilized as mixed type inhibitors.
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