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Quantum Chemistry Calculation of *'P Chemical Shifts

LU Hai-ting" ,YU Sheng, JIN Chunxue, YUAN Hang
( College of Chemistry and Chemical Engineering, Xinyang Normal University , Xinyang 464000, China)
Abstract: Quantum chemistry calculations were performed on six phosphorus compounds to calculate the chemical shift
of *'P. The results were compared with the experimental data of references. In order to analyze the influence factors, basis set
and electron correlation effects were considered in the chemical shift calculations. The calculated results indicated that two or

more d orbital functions are important for the non-hydrogen atoms. The calculated chemical shifts at MP2/6-31 ++ g( 3df,2p)

level coincide well with the corresponding experimental data of references.
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Tab 1. The bond length of P—X and the
charge of *'P of the optimized

six phosphorus compounds

&Y P—X f K /A FL 7o

H,PO, 1.972 1.596
PH, 0.390 1.408
PF, 1.590 1.669
PCl, 2.063 0.178
PBr, 2.243 0.690
Pl 2.491 -0.142

a. The bend length of P—X in H;PO, is P=0.
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Tab. 2 The absolute calculated chemical shifts

Method H, PO, PH, PF, PCl, PBr, PI
B3LYP/sto-3g" 555.2 703.8 358.0 253.8 210.6 N/A
B3LYP/sto3g" * 548.0 669.3 317.6 260. 1 193.9 N/A
B3LYP/321g" 427.8 640.3 267.5 50.3 27.6 N/A
B3LYP/321g" " 434.2 613.6 277.0 98.8 71.8 N/A
B3LYP/631g" 363.5 624.2 217.1 29.3 -32.3 N/A
B3LYP/631g " 376.4 593.3 244.5 70.1 27.3 N/A
B3LYP/631g(2d) * 334.5 595.4 226.1 95.1 37.5 N/A
B3LYP/631g(3d) * 336.9 593.1 225.1 95.9 16.2 N/A
B3LYP/631 +g"* 367.4 593.0 250.1 91.3 20.6 N/A
B3LYP/631 ++¢ * 367.4 596.0 250.1 91.3 20.6 N/A
B3LYP/631 +g(d,p) " 366. 4 599.2 250.1 91.3 20.6 N/A
B3LYP/631 ++g( d.p) * 366. 4 601.7 250. 1 91.3 20.6 N/A
B3LYP/631 ++g( 2d,p) * 326.4 599.4 228.3 102.6 24.2 N/A
B3LYP/631 ++ g( 2d,2p) * 326.7 599.6 228.3 102.6 24.2 N/A
B3LYP/631 ++ g( 3d,2p) * 331.3 597.2 230.4 94.4 2.8 N/A
B3LYP/631 ++ g( 3df,2p) * 334.9 601.0 231.2 96.8 15.7 -0.5
MP2/631 ++ g( 3df,2p) * 372.5 645.9 279.4 164.8 118.2  170.8

a. The absolute calculated chemical shifts at different methods and basis sets.

b. The chemical shift of PI3 was calculated at BALYP/631 ++ g( 3df,2p) and MP2/631 ++ g( 3df,2p) levels for the basis set limitation of io—

dine element. 631 ++ g( 3df,2p) basis set was used at phosphorus element, self-definition basis set was added at iodine element.
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Tab. 3 The comparison between the relative calculated chemical shifts and the experimental data (5 = oy,p0, — Tpx,)
Method 8(HPO,)  S(PH)®  &(PF)*  &(PCL)*  8(PBr)®  S(PL)"  AS(PH)C  AS(PF,) ¢ AS(PCL)  AS(PBr,) ¢  A§(PL) ¢

B3LYP/sto3g 0 -148.6 197.2 301.4 344.6 N/A 117.4 91.2 84.4 118.6 N/A
B3LYP/sto3g" 0 -121.3 230.5 288.0 354.1 N/A 144.7 124.5 71.0 128.1 N/A
B3LYP/3-21g 0 -212.5 160.3 371.6 400.3 N/A 53.5 54.3 160.6 174.3 N/A
B3LYP/321g" 0 -179.4 157.2 335.4 362.4 N/A 86.6 51.2 118.4 136.4 N/A
B3LYP/6-31g 0 -260.7 146.4 334.1 395.8 N/A 5.3 40.4 117.1 169.8 N/A
B3LYP/631g" 0 -216.9 131.8 306.3 349.1 N/A 4.1 2.8 89.3 123.1 N/A
B3LYP/6-31¢( 2d) 0 -260.9 108.4 239.4 297.0 N/A 5.1 2.4 2.4 71.0 N/A
B3LYP/631g(3d) 0 -256.1 111.8 410 320.7 N/A 9.9 5.8 4.0 94.7 N/A
B3LYP/631 +¢ 0 -225.6 117.3 276.1 346.8 N/A 40.4 11.3 9.1 120.8 N/A
B3LYP/631 ++g" 0 -228.6 117.3 276.1 346.8 N/A 3.4 11.3 59.1 120.8 N/A
B3LYP/631 +g(d,p) 0 -23.8 116.3 5.1 345.8 N/A 3.2 10.3 58.1 119.8 N/A
B3LYP/6-31 + g( d,p) 0 -235.3 116.3 5.1 345.8 N/A 30.7 10.3 58.1 119.8 N/A
B3LYP/6-31 ++ g 2d,p) 0 -273.0 9.1 23.8 302.2 N/A -1.0 -1.9 6.8 76.2 N/A
B3LYP/631 ++g(2d,2p) 0 -173.0 9.3 24.1 302.4 N/A -1.0 -1.1 7.1 76.4 N/A
B3LYP/6-31 ++ g( 3d,2p) 0 -265.9 100.9 236.8 328.4 N/A 0.1 -5.1 19.8 102.4 N/A
B3LYP/631 ++ g( 3df,2p) 0 -266.1 103.6 8.1 319.1 335.4 -0.1 -2.4 2.1 9.1 159.4
MP2/631 ++ g( 3df,2p) 0 -1713.4 9.1 27.7 254.3 201.7 -1.4 -12.9 -9.3 2.3 25.7

a. Experimental data: §( PH;) =
b. Experimental data: §( PBr;) = -226,8( PI;) =176 from ref. 9.

-266,8( PF;) =106,8( PCly) =217 from ref. 8.

c. The chemical shift difference between calculated values and experimental data.
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Fig. 1 The comparison between the relative calculated
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