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Investigation and teaching practice of infrared spectral feature peak
displacement law based on machine learning

Abstract: Infrared spectroscopy is one of the important methods for molecular structure characterization, and the
analysis of infrared spectra is an important teaching content in the course of “Instrumental Analysis Experiment”.
Among them, the factors affecting the displacement of functional groups are mostly analyzed qualitatively in
domestic and international teaching, and there are few quantitative descriptions of the displacement law of
functional groups. Digitalization techniques based on machine learning can effectively extract the hidden knowledge
in known data. Combining machine learning techniques to explore the displacement laws of infrared characteristic
peaks and quantify them is a useful supplement to theoretical and practical teaching. To this end, this project selects
typical carbonyl peaks in infrared spectra, provides a large amount of data through experimental tests and standard
spectra, and utilizes different machine learning methods to fit the displacement law of carbonyl peaks, and explores
the effects of different groups on carbonyl characteristic peaks. Finally, the carbonyl peak displacements of four
groups of unknown standard spectrogram compounds were predicted and interpreted using the best machine
learning model to successfully quantify the displacement law of carbonyl peaks. The transformation of qualitative
displacement factors in traditional teaching into visualized quantitative data helps students to further deeply
understand the influence of conjugation effect, induction effect, etc. on the displacement of carbonyl peaks. The
pedagogical design and implementation of this project explores the displacement law of infrared characteristic
peaks by combining machine learning techniques, and successfully realizes the quantification of the factors
affecting the displacement of infrared characteristic peaks of functional groups in infrared spectroscopy. It helps to
enhance students' ability to solve practical problems by digital means, deepen their understanding of related
theoretical knowledge, and cultivate their innovative spirit and sense of teamwork.

Key Words: Machine learning; Infrared spectroscopy; Characteristic peak displacement; Teaching practice
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data = pd.read_excel(‘'Data.xlsx’, header = 0, sheet_name = 0)
data = data.dropna().reset_index(drop=True)
Xi&# 7 “CH2CH3” 3| “H” MHHES, y k¥ 1 HFRAL & L0 A00 i RFAE I8
X = data.loc[:, 'CH2CH3":'"H']
y = data['Actual’]
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X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=1)
FIH transform J7VEARAEAL VI ZRAEFI MR ER RIRRAE, 4 B (1 14 e
S = StandardScaler().fit(X_train.values)
X_train = S.transform(X_train.values)
X_test = S.transform(X_test.values)

LAMRYTIRIE Cem™)

e




g Bith s

Bl LT 5 R RLEEAT IR, R LR YRR BENLARAR . KNNL SVR.
KernelRidge. 7£3- kiR UBRI, Oy 7 3 G X R 0 M ZR S A it R O BE AL B S AR 22, 3RATTRS
T 5 R R R REALAL 1 2 99 KREAT ISR, R MEBMIIZREET 2] 99 41 MAE P4
XPRZED) AR CHIRPPAN I ZREE TR AN SO S I 2 MBI S DD o fieJm A 99 AN BEL B h B ML 4tk
By 84, rmfEiX 8 FEENLACASE R, XF 5 MR P 4 Xt ik = WM BT HEY . SR K
Bl SVR BB~ S 4% By, UL SVR SR T T ik ok A 1 W 1 B O T 5

SVR

SVR & — T 3CRF L (SVYM) JFE R B 2% S B0, BEA SR B 4 21— AN ~F 1 ok X
B AR AT 738, LA P AS [RS8 ) B H s A8 12 - T PR & 0 A 350, 107 VAT DAL B EE Oy
SRR, Rl 2 28 AN R G T 23 I AR 2K

FEAE ] SVR BRI, JRATIE FH AR 8 R R 2 s L S 8. i T 21 %k 99 IR AN A Bl HL 4 1Y)
AL, O TSGR T TG, RATRA A WS HO AT MR R, TR 225 1 E
TR e I U 2 B E R BT R . N R AT S B R T

param_grid_4 = {
‘kernel: ['linear’, 'rbf', 'sigmoid1,
'‘gamma’; ['scale’, 'auto'],
‘coefQ': [0],
'C": list(np.linspace(11,30,20, dtype=int)),
‘epsilon’; [0.5, 1,2,3,4,5]
}
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grid_search_4 = GridSearchCV (estimator = svr, param_grid = param_grid_4,
scoring="'neg_mean_squared_error’, cv = 5, n_jobs = -1)
grid_search_4.fit(X_train, y_train)
m4 = SVR(**grid_search_4.best_params_).fit(X_train, y_train)
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m4_test = m4.predict(X_test)
print(‘Mean Absolute Error:',mean_absolute_error(y_test, m4_test))



print('"R"2 score:',r2_score(y_test, m4_test))
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for i in range(1,100):
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=i)
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model = SVR(**grid_search_4.best_params_)

model_prediction = model.fit(X, y)

explainer=shap.Explainer(model.predict,X)

shap_values=explainer.shap_values(X)

shap.summary_plot(shap_values,X)
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PhOCH3(0) 1675 1697(KBr) [1780GH &%) | 1643.347 1699
PhOCH3(M) 1684 1694(KBr) 1765 1668(KBr) 1702
PhOCH3(P) 1669 1688(KBr) [1767GHEE%) | 1651(KBr) 1698
PhOCH2CH3(0) 1676 1738 1784 1645(KBr) 1690
PhCI(M) 1689 1698(KBr) 1769 1660(KBr) | 1695(KBr)
PhCI(P) 1687 1687(KBr) 1779 1662(KBr) 1693(KBr)
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=66) M EHAE (E) SVR BB M MFREEEAH, HARFRHIATNE, ML RALRNRE, H
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R 4 FbLaS ST E B R
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5 SVR —HFER AL, AT 7 RIFER) 99 MBEALEON R HEAT ISR, It AR Y AR I i 4
T Z5 R MAE Fl RA2
m1 = LinearRegression().fit(X_train, y_train)
ml_test = ml.predict(X_test)
print('‘Mean Absolute Error:',mean_absolute_error(y_test, ml_test))
print('R"2 score:',r2_score(y_test, m1_test))

LEVE R AR S, AT E AT S A

B s1 &k B RNBITER

BEALARA

BEALARAR 2 A PSR AR, TR SR S — R 27 ] R he S H &1 S P ) 00 45 SR 1) S i
BEALAR BRI AT LS5 2 A4S DS B o9 — D g — i 46

BENLARAR S SVR VISR AL UG 518 7 B A — B0, F27 bR R SIS i s 2 o P A2 SRk
BEALARFREN AT, I [FIRE A U 2R 1 MAE A RA2,
m2=RandomForestRegressor(bootstrap=True,random_state=0,**grid_search_2.best_params_).fit(X _tra
in, y_train)

BENLAR AR K48 2 0k B IRAT AR T 5 SVR — 8751k, B M4 3 7 — AN okl g
DA ZH AR ISV Y BEAT S HOR IR P 2R o T AR R A R AN 33 B 3 A 1) R
RIERIATHT G E RS EEEED T2 RATBENLARAR A E S B8 R
param_grid_2 = {

'max_depth": list(np.linspace(10,100,10, dtype=int)),
'max_features': list(np.linspace(11,30,20, dtype=int)),
'n_estimators": list(np.linspace(10,100,10, dtype=int))
¥
LN ESER BT
(1> “max_depth” o0 iR KR, B I IR £ i R B8 i ) 50908 2 e B o R A6 40 ) ¢ 2 T
PAYE— e FEFE L7 1R L4 B 5 FRATTR 7 M 10-100 H (1 10 AN45 [A) 25 8 45, B 10, 20, 30++++++;
(2) “max_features” FERE—/MWR) 70 2475 I 75 5 R IE S = . RATKRA T 11-30 2
[ FR) BT A7 3 20 A4
(3) “n_estimators” :FRARHW EE . —RE 2 ARSI, SNt &E
FA T BN RN [R] ARG o AT 7 H S sA M RLPEBE, SR A T 10-100 H i) 10 />4 [A) B 42 4,
B 10, 20, 30---;



np.linspace(10,100,10, dtype=int)),
linspace(11,30,20, dty 15
linspace(10,16e,18, dtype=int))

(random_state=1)
estimator = rf, param_grid = param_grid_2, scoring='neg_mean_squared_error', cv = 5, n_jobs = -1)

fit(X_train, y_train)
, random_state=e, **grid_search_2.best_params_).fit(X_train, y_train)

mean_absolute error(y_test, m2_test))
2_score(y_test, m2_test))

B S2 BENLARMEILHBTRER

KNN

KNN S92 2 — R E 5 Rl R BL A 22 1 500, O E Bl — s R 2l i . i — A
HREA IR, MR & R B SR Y K AR KU AT 4 2R R H BT 128 A A s T RS 2501

KNN 5 SVR I Zt B i) Bk 5P AR — 20, R bR s I ZRm BRI FH S ok
KNN BIa], I [FRE ) I 2R 6 1) MAE AT RA2,
m3=KNeighborsRegressor(**grid_search_3.best_params_).fit(X_train, y_train)

TNTH A2 BAT KNN #2508 R0
param_grid_3 = {

'n_neighbors': list(np.linspace(1,10,10, dtype=int)),

'leaf_size": list(np.linspace(1,100,100, dtype=int))

}

FmENSESHENEEWT:

(1) “n_neighbors” : KNN 1) K&, g ZEELAEEE B bs mUsoE MREA S, —REA
N5, FATIXE AR R T 1-10 FHTH R

(2) “leaf_size” : IXAMAFEM T kd A4 EGE BRI, 58 1k 7B B 7715 RO B
fBLo IXAMEER /N, AR BT ke B B BRI oK, R EGER, I ARG, ez, AR R kd
P BRA 22/, RO, R RO . BRI 300 IXAME — UK T REA RO RUR, BEE R
ARECE N, ZAME LAV, AR T R A, IEE S A . AT LB R X
BUERIEFE— AN A . FRATIX B AR 8 R T 1-100 H 8 fr A 4L

(np.linspace(1,10,18, dtype=int)),
t(np.linspace(1,100,100, dtype=int))

or = knn, param_grid = param_grid_3, scoring='neg_mean_sq.

search_3.best_params_).fit(X_train, y_train)

leaf_size=1, n_neighbors=18).fit(X_train, y_train)

smean_absolute_error(y_test, m3_test))
(y_test, m3_test))

B S3 KNN HEMBITREFP
KernelRidge
U B B2 N e e [l a0 b “A%” A0 “Ue 7, k%7 WL AE TSR TUNME I 23 0l 45 A8
PEAE N EACE, HE2RH “&%7 MG SBEEF A PE KX, reUEZ SN “I8” RIE N



THI, RUAE 2 A AR o b IRk, AT DA G A BN S A DR AR R AL LT R B0k 2
oK.

KernelRidge 5 SVR {IZRBAY 1) K S 2 e AR — 3, B85 B R ZA I ZRT i 2L 0 A A&
Hok KernelRidge B RT,  FF [FIFE % I ZR 52 1 MAE Fll RA2,
m5 = KernelRidge(**grid_search_5.best_params_).fit(X_train, y_train)

T AR AT KernelRidge #2508 R 5 .
param_grid 5={

‘alpha": [0.1, 0.5, 1, 2, 5, 10],

'kernel'’; ['linear’, 'rbf', 'sigmoid1],

‘gamma’: [None, 0.1, 0.5, 1, 2],

'coef0": [0.1, 0.5, 1, 2]

FHEANMESHNE DT

(1) “alpha” : IEMACERSE, FoRUE RN IENALFREE, Bk 1E Ak i ;

(2) “kernel” : HEERA, B “linear” . “poly” . “rbf” . “sigmoid” , FAJik
BT =Rz g, il “linear” --ZRMERZREL, EHTERMENS;  “rdf” -RrREREE, &
FATFAELAE B “sigmoid” --FR AU TE DI K% B sk S UL R 8, th3d T e ek il 1L

(3) “gamma” :rbf. poly. sigmoid #% R REL, R T — N — I AR e ki 5t
sz . FATRA 7 None (fff HHERINFERENLE], BARBGRTAEMAZED , 0.1, 05, 1, 2.

(4> “coef0” TR B H B0, L ZELNT poly AT sigmoid % HY RIEME. FATKRH T
0.1, 05, 1, 2.

KernelRidge

(estimator = krr, param_grid = param_grid 5, scoring='neg juared_error', ¢v = 5, n_jobs = -1)
train)

earch_5.best_params_).fit(x_train, y_train)
39}
te ,mean_absolute_error(y_test, m5_test))
print('R re(y_test, m5_test))
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