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Abstract

In this paper, three light and air stable complexes of silver pyrazolyl methylpyridine have been syn-
thesized, which contain high metal content and minimum auxiliary organic ligands. The structure
and spectrum were characterized, and thermogravimetric analysis (TGA) showed that the pyrolytic
properties of the complexes were significantly improved, and the decomposition temperature can
be adjusted by changing the ligand structure. The ligand structure of the complex was tailored for
specific additive applications. The X-ray diffraction of the residual material after TGA confirmed the
existence of metallic silver, which can be used as a self-healing high-temperature lubricant additive
to enhance the high-temperature tribological properties of the lubricant.
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Figure 1. Electronic balance (Model: JM-B2002)
1. BFXRFEES: IM-B2002)
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Figure 2. Rotary evaporator (Model: RE-5001)
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Figure 3. Thermostatic magnetic stirrer (Model: 85-2)
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Figure 4. Vacuum drying oven (Model: DZF-6020A)
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Figure 5. Ultrasonic cleaning machine (Model: 613HT)
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Table 1. Experimental materials and reagents for ligand synthesis
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il e 4K
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Table 2. Materials and reagents required for synthesis of silver pyrazole methylpyridine complex
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H—ob, UL RO EA B LT [13]: 2 S SE-4- AR BE-3,5- R g SRR BR V(5 g) Fn (1.8
0)7E R (150 ml) iR & . 2, I NaOH 40% K%K (50 mi) APy i T E S ek 40%7K¥715(30 ) 1)
BEWE, A Schlenk XUHEE, 7EHHET 110°CRI 4 /MF . fFRBAERABEEZRRG, HRNMEFEA
TR A, R SR TR, EEEN =G, BaVUZWER AT KRS, T,
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Figure 6. Synthesis of silver pyrazole methylpyridine complex L"

] 6. $RALMEER B IEmD i LT B9 AR

505, A EIAYLN](BF), [14]: ¥ AgBF, (385 mg)7E 25 ml Pl 7B A £ L™ (500 mg)7E 25 ml
PO B b . R RS 30 20 e, FHIRH 2 R SCKVA T B K4S, I CBEEUTHE H A ]
Ao SRR A TR TR, 51931 625 mg B EOMEEM RECEY 1), %R 69%, HALZE RN ITHE
Al 7 s Ko FaWawE 8 R, MHSHREEEWE: 1H NMR (300 MHz, acetone-d6): J = 2.34 (s,
3H, CHs), 2.51 (s, 3H, CH3), 3.91 (s, 3H, CH30), 5.89 (s, 2H, CH,), 6.56(t, J= 2.1 Hz, 1H, CH pyrazole), 7.79
(d, J=2.1Hz, 1H, CH pyrazole), 8.26 (d, J=1.4 Hz, 1H, CH pyrazole), 8.42 (s, 1H, CH pyridine) ppm.
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Figure 7. Synthesis of silver pyrazole methylpyridine complex 1
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Figure 8. ORTEP diagram of silver complex 1
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Figure 9. Synthesis of silver pyrazole methylpyridine complex L™
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B, A AG(L™) 12(BF4),: 4 AgBF, (730 mg)7E 50 mi PR R A (3 i A\ 21 L™ (1050 mg)7E 50 ml
PRIBA v . =R N REOGHRE 40 3 Bh R, CROATIEIRAE, I\ CBEEUTTE H B A A . g v
WA A TE T, £33 970 mg F H L R (BC &4 2), 7 %08 55%, HAb 2 s RiJ7 #E s an i 10 o .
Hor s 11 iR, ZRESHRERESIE N: 1H NMR (300 MHz, acetone-d6): 6 = 2.24 (s, 3H, CH3),
2.31 (s, 3H, CH3), 2.51 (s, 6H, 2 CH3), 3.91 (s, 3H, OCHg), 5.64 (s, 2H, CH,), 6.16 (s, 1H, CH pyrazole),
8.33 (s, 1H, CH pyridine) ppm.
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Figure 10. Synthesis of silver pyrazole methylpyridine complex 2
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Figure 11. ORTEP diagram of silver complex 2
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2.3.3. [Ag(L™)(NOy)]. (Ee &4 3)Huhl&

F—ob, GREVAE LY (LAY 1 Ell). B, ARIAQ(L™)(NOs)L: #% AgNO; (725 mg)fE 10 ml
AKHTEOME] LT (1080 mg)7E 10 ml HEEE AR (K75 o 45635, i FER RE 70 30 P 2R 10 5 1R R BRI IR
GV 30 73l ANEAEE A FRR VAN, LB AEIEENES, e 5ml ki, 508 )E, It
EH AR, EIECE TR, 53] 18320 mg HI[AG(LY)(NO:)],, 722N 73%, NEGMEH AR, Hik
RN TR 12 s Hoarrastmn il 13 frow, it IREIEEE ~: 1H NMR (500 MHz, ace-
tone-d6): 6 =2.29 (s, 3H, CHs), 2.52 (s, 3H, CHs), 3.86 (s, 3H, OCH3), 5.75 (s, 2H, CH,), 6.47 (t, J = 2.1 Hz,
1H, CH pyrazole), 7.71 (d, J = 2.1 Hz, 1H, CH pyrazole), 8.14 (d, J = 2.4 Hz, 1H, CH pyrazole), 8.34 (s, 1H, CH
pyridine) ppm.
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Figure 12. Synthesis of silver pyrazole methylpyridine complex 3
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Figure 13. ORTEP diagram of silver complex 3
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Figure 14. XRD analysis of complex 1
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Figure 15. XRD analysis of complex 2
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Figure 16. XRD analysis of complex 3
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Figure 17. SEM image of complex 1
B 17. BcA49 189 SEM [

Figure 18. SEM image of complex 2
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Figure 19. SEM image of complex 3
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Figure 20. TGA thermogravimetric analysis of complexes 1-3
Bl 20. BL&4 1~3 B9 TGA HE N HFE
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Figure 21. X-ray diffraction pattern of the decomposition product of pyrazole methylpyridine complex
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